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DEPARTMENT OF PRIMARY INDUSTRIES SUBMISSION TO THE
PRODUCTIVITY COMMISSION

INQUIRY INTO PIG AND PIGMEAT INDUSTRIES: POSSIBLE SAFEGUARD
ACTION AGAINST IMPORTS

INTRODUCTION

This submission provides the Productivity Commission with information relevant to its project
charter; that is, to answer the question of whether action in accordance with the World Trade
Organisation (WTO) Safeguards Agreement is warranted against the import of certain pigmeat and
to report to the Commonwealth Government on:

• Whether safeguard measures (such as import quotas or tariffs) would be justified under the
WTO;

• If so, what measures would be necessary to prevent or remedy serious injury and to facilitate
adjustment; and

• Whether, having regard to the government’s requirement for assessing the impact of regulation
which affects business, those measures should be implemented

 
 This Queensland submission includes:
 
• Tabling of the University of Queensland Economic Report – ‘the impact of trade

liberalisation and increasing imports on the Australian pig industry’ by Tim Purcell and
Steve Harrison of the Economics Dept, UQ.  This is an updated version of the 28 May 1998
Report that now looks at the effect of imports on production, in addition to prices and
includes a chapter specifically dealing with the ‘safeguards’ issue relevant to the
Productivity Commission Inquiry.  The report identifies the link between the importation of
pork and the fall in domestic pig prices and other relationships.

• Evidence of material damage to the production sector of the Queensland pork industry as
represented by:
• an increase in pig producer indebtedness to stockfeed manufacturers which are used as

the first source of credit during severe financial downturns.
• reduced financial performance of piggery enterprises indicated by a sample of DPI’s

herd recording scheme, SOWTEL.
 
 PORK INDUSTRY SITUATION
 
 The Queensland pork industry continues to be in a state of crisis brought about by low pig
prices.  While pig prices have improved in the past few weeks, prices are still well below the
cost of production.  Over the past eight months many producers have been unable to find
markets for their animals and the average farm lost $1000 per week.  There has been a
significant increase in pig producer and agribusiness indebtedness.
 
 There is substantial evidence that much of this crisis, which is the result of an acute over-supply
in the Australian pig meat market, has been caused by the vastly increased imports of, in
particular, Canadian pig meat during the past twelve months.
 
 Few producers appear to have left the industry in Queensland over this crisis period.  Many are
postponing their decision until the traditionally high pre-Christmas pig price period has passed, in
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the meantime accumulating huge debt to associated agribusiness which is similarly affected.  A
Pork Council of Australia survey (August 1998 – Appendix 1) of pig producers indicates that more
than 50 per cent will leave the industry if the current crisis (low farmgate prices) continues.
 
 This situation follows the considerable industry restructuring that has already occurred over the last
five years.  Queensland producer numbers (based on Queensland Pork Producers’ Organisation
[QPPO] membership) have fallen 40per cent during this period from 650 in early 1993 to 390 in
early 1998.  The composition of this loss is primarily small piggeries (<30 sows) which fell by
63per cent whereas the number of piggeries above 220 sows increased by 90 per cent to 38.  This
pattern reflects the trend of the national industry over this period.  Nationally, the industry has
reduced from 40,000 producers in the mid-70s, to 19,000 in 1980 to the current number of 3337.
Total sow numbers have remained static and productivity increased:  from 220,000 tonnes in 1980
to 326,000 tonnes of pigmeat in 1997 (see Fig. 3).
 
 The financial impact of prolonged pork industry difficulties on Queensland is considerable.
Queensland is Australia’s second largest pig producing State with 22 per cent (63,600 sows) of the
national herd and 24 per cent of pigmeat produced and the product has a large value-added
component.  The annual gross farm gate value of production of the Queensland herd is
approximately $150 million.
 
 Factors causing the crisis include the following:
 

• historically low pig prices;
• the high level of pig meat imports (of which 80per cent is Canadian leg meat – ABS, APC

see Fig. 1).  This Canadian product is now equivalent to 27per cent of Australian leg
production;

• lack of any mechanism to buffer the effect of oversupply resulting from unimpeded and
sudden increases in imports;

• the increased bargaining power of  pigmeat buyers;
• no practical reciprocal trade arrangements for the export of Australian pig meat to Canada;
• a surge in pork production resulting from the improved industry situation in 1996; and
• the extremely low price of beef in Queensland with the collapse of the Korean market.

There are several concepts of intensive pig production that require explanation in order to
appreciate management of these enterprises and producer response.

There is poor comprehension by those not associated with the pork industry that small piggeries
(eg. those with 100 sows or 1000 pigs on the property at any one time) or multi-enterprise farms
cannot compete on efficiency grounds.  This concept is incorrect.  Smaller producers have
access to the same technology, consultants, and information support that is available to
operations of larger scale.  They also have the benefit of committed labour, group buying and
selling and local feed.

Modern pig production is different from most other forms of agriculture in that all pigs are fed
entirely on specially prepared feedstuffs, the production system is continuous and cannot simply
be ‘turned off’. This differentiates intensive producers from the broadacre sheep and cattle
producers where stock graze on pasture and there is more flexibility in holding stock back from
sales during periods of low prices.  If pork producers hold stock back from sale, production
inefficiencies occur and weights and fat scores increase, resulting in severe price penalties or
stock becoming unsaleable.  The modern pig producer markets pigs every week of the year and,
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if shut down, a piggery requires at least 12 months to return to full production involving very
high cost.  A decision to ‘shut down’ generally means leaving the industry.

1. HAVE IMPORTS INCREASED?

Yes, pork imports have dramatically increased.

Since July 1990, imports from Canada entered Australia in frozen and uncooked form.  Rising
to levels of 3000-4000 tonnes per annum, they remained fairly steady, at what is regarded by
industry as manageable levels, between July 1991 to July 1996.  From this date imports
increased rapidly, more than doubling to more than 11,000 tonnes per annum in 1997.  Imports
have increased in both absolute and proportional terms.

Fig. 1.
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Current trends indicate that this level is increasing with the two most recent months of imports,
May and June 1998, both being above the comparative 1997 levels.  June 1998 imports, in
particular, increased by 33 per cent to 1034 metric tonnes.

The composition of these imports is important.

On face value, annual imports of 11,000 tonnes appear to represent only 3.22 per cent of
domestic production.  However, when comparing like with like, imports in 1997 were
equivalent to 30 per cent of Australia’s leg production that is used for ham production.  This is
up from a base of 5 to 10 per cent during the period 1991 to 1996 (ABS, APC).

The leg primal in Australia is a premium product with high demand, particularly, in the second
half of the year as processors prepare for the lucrative Christmas ham trade and summer cold
meat season.  This processor demand for legs was the primary driver of pig prices through June
to November each year and is the main factor affecting average pig prices.

2. WHAT IS THE INDUSTRY?
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The Agreement on Safeguards defines the domestic industry as comprising producers of ‘like
products’ or products ‘directly competitive’ with imports.

For this submission, the ‘industry’ is regarded as the pig production (farming) sector of the
Australian pork industry.  Pig producers produce ‘directly competitive’ goods with imports of
frozen boned-out pork.  They are clearly affected by imports because they produce the basic input
that is converted into the ‘like product’ and without which no ‘like product’ would exist.  All pig
producers, eventually, are affected by increased supply to the Australian market of either pigs or
pig meat imports.

The Australian pig industry is highly vertically integrated at the producer-abattoir-processor
level with producers contracted to particular abattoirs and processors and some producers being
members of producer–abattoir–processor cooperatives, like Darling Downs Bacon (DDB).  The
decline in producer prices from November 1997 has seen DDB accept a reduction in its margins
to provide some assistance to its producer members in the form of higher than market prices.
The difficulty in separation of the processing chain into its component parts suggests that, in an
economic sense, whole carcasses should be considered as “directly competitive” with the
imported product.

The 1995 ABARE report to the Industry Commission into ‘Pigs and Pigmeat’ highlighted the
issue of crowding out, and that imports of Canadian pigmeat would divert domestic supplies of
legs to the fresh or “wet” meat sector, as well as to other processing end-uses.  Due to this
diversion there is the expectation that imports would have an effect on volumes and prices of
other pigmeat products (not only pork legs).  The structure of the pigmeat processing and
marketing chain is such that there is approximately a 40:60 split between fresh or “wet” meat
and processed or manufactured meat.  The manufactured meat is further divided into legs, for
ham, and middles for bacon and other smallgoods.  There is a high substitutability between legs
for ham and further processing of legs into other smallgoods.”

The Australian pigmeat market which, traditionally has been domestically orientated and balanced,
is very sensitive to sudden increases in supply, particularly of a high priced article such as pork
legs that in the Australian market set the general pig price for the industry.  Imports therefore
compete at all levels;  from frozen, boned-out carcase primals to processed product.  The fact that
all these farm businesses have been and are potentially harmed by increased imports of these
products indicates that they can be regarded as producing ‘like product’.

For further detail refer to the UQ Report, section 4.3 Appendix 2.
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3. HAS THE INDUSTRY SUFFERED, OR IS IT LIKELY TO SUFFER, SERIOUS
INJURY?

WTO defines serious injury as a significant overall impairment in the position of the domestic
industry, while threat of a serious injury means serious injury that is imminent.

(a) Has the industry suffered serious injury?

DPI has evidence of the pig production sector and associated agribusiness suffering serious
injury from the effects of low pig prices over the past year.  DPI has detailed evidence of this
damage during the June 1998 quarter.

Evidence of material damage to the production sector of the Queensland pork industry is:
• losses sustained during this low pig price period as indicated by a sample of DPI’s herd

recording scheme, Sowtel.
• an increase in pig producer indebtedness to stockfeed manufacturers which are used as

the first source of credit during severe financial downturns.
• results from the PCA producer survey of 500 pig producers Australia-wide which

indicate shedding of staff, greater devolvement of work to family farm members and an
increase in emotional stress.

 
 Reduced financial performance of DPI SOWTEL Recording Scheme members
 
 Sowtel is a whole herd performance recording scheme involving 35 herds across Queensland,
coordinated by DPI.  In the limited time available, DPI has collected and processed detailed
data, including variable and fixed costs, from 15 of these herds.  This group of 15 is reasonably
representative of the larger Sowtel group and provides a reasonable comparison with the
nationally reported Pigstats data (see Appendix 3).  Data are presented for the quarter year
period ending June 1998 in Table 1.
 
 Table 1.

 FARM FINANCIAL PERFORMANCE  JUNE 1998 QUARTER  

 Farm  Total sales  Total Revenue  Av price $/kg  Total Costs  Profit  Profit
 No  (kg meat sold)      $/kg sold
 1  49805  $102,100  $2.05  $124,111  -$22,011  -$0.44
 2  26355  $54,028  $2.05  $74,955  -$20,927  -$0.79
 3  48460  $82,382  $1.70  $112,384  -$30,002  -$0.62
 4  17949  $31,949  $1.78  $40,825  -$8,876  -$0.49
 5  65446  $111,259  $1.70  $135,879  -$24,620  -$0.38
 6  17008  $35,337  $2.08  $39,428  -$4,091  -$0.24
 7  36627  $59,336  $1.62  $66,331  -$6,995  -$0.19
 8  26196  $47,415  $1.81  $49,738  -$2,323  -$0.09
 9  16439  $27,125  $1.65  $38,601  -$11,476  -$0.70
 10  494733  $841,045  $1.70  $1,097,238  -$256,193  -$0.52
 11  171717  $279,899  $1.63  $301,321  -$21,422  -$0.12
 12  39906  $73,427  $1.84  $103,929  -$30,502  -$0.76
 13  112972  $171,718  $1.52  $205,071  -$33,353  -$0.30
 14  30780  $46,170  $1.50  $53,050  -$6,880  -$0.22
 15  88161  $149,873  $1.70  $154,605  -$4,732  -$0.05

 Average  82837  $140,871  $1.70  $173,164  -$32,294  -$0.39
 
 Table 1. demonstrates that all 15 farms have suffered significant injury due to low pig price.
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 The average loss for these producers of 39.5 cents per kg of pigmeat sold represents a loss per
farm of $32,294 over this three-month period.  Economies of scale were not evident for the
largest producer whose returns were 51.8 cents below their cost of production resulting in a
total loss of $256,193.
 
 Herds of the Sowtel scheme are regarded as performing slightly above the State average.  It can
therefore be deduced that the Queensland herd is sustaining significant losses, particularly when
considering the duration of this low pig price period.  Also, although pig prices have improved,
prices received continue to be below the cost of production so the injury continues for these,
and most, farms.
 
 Pig farm employment has reduced
 
 Staff have been made redundant on–farm and in agribusiness as a result of the very low pig
prices over an extended period and the uncertainty of the future price and trade trends.
 
 From members of the Sowtel Scheme and of discussion groups facilitated by DPI, there is
considerable evidence of active and progressive producers, some due to unfortunately timed
expansion based on misleading ABARE forecasts, having to sell their piggeries at values well
below replacement cost.
 
 Staff levels have been reduced and in many cases work is devolved to unpaid family labour of
owner operator piggeries in an attempt to survive until prices improve.  These producers are the
majority (82per cent) of pig farms in Queensland (QPPO herds <100 sows).  Emotional stress
for staff and farm families has been severe with resulting increases in the use of counselling
services and the reported suicide of one Queensland pig producer.
 
 Stockfeed suppliers, in particular, are bearing much of the brunt of low pork prices and the need
for farm credit (as evidenced by the examples below).  They are in an invidious position where
they need to continue to support (finance) producers, hoping that conditions eventually improve
so that their clients can trade out of their debt and so repay the stockfeed companies.  The tie of
workers to capital (buildings) which occurs with small piggeries, and this capital being non-
transferable because there is no market and no alternative use for a piggery, means pig
producers continue to operate until greatly in debt.  For these same reasons banks are reluctant
to foreclose on piggeries, thereby postponing the exit of these producers from the industry.
When economic conditions improve banks will be forced to take action to recover debts which
in many cases are unserviceable at present prices.
 
 The recent PCA producer survey of 500 pig producers throughout Australia indicated that 24per
cent of farms decreased the number of people employed over last 12 months.  Considering that
the majority of farms are owner-operated, (82per cent of herds are less than 100 sows capacity)
this loss is significant.
 
 Statement from Better Blend Stockfeeds, Oakey
 
 Confindetial
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 Statement from Kewpie Stockfeeds, Kingaroy
 
 Confidential
 
 The Pig Price ‘Crisis’ Situation.
 
 Fig 2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 QPPO/ABS

 
 The extent of the extended period of extremely low pig prices is shown in Fig 2.  The price decline
during July 97-December 98 is against the traditional price trend and corresponds to the period of
escalating imports during the second half of 1997.  Pig prices at this level have clearly resulted in
serious financial harm to pig producers.
 
 (b)  Is the industry likely to suffer serious injury?
 
 In November 1997, import health protocols were extended to include cooked manufactured
product from Canada and frozen product for manufacturing purposes from Denmark.  This is
causing concern for the production and processing sectors of the Australian pork industry due to
the scale of these exporters and the possibility of their ‘swamping’ Australia with pork.
Denmark is second top of the world exporting countries and Canada third top, exporting 470
and 410 kilotonnes of carcase weight, respectively in 1997 to world markets.  Australia’s total
production for the same period was 324.3 kilotonnes (PRDC Pigstats 1997).
 
 Pig producers now find it impossible to predict future price trends with any accuracy.  This is
due to the change in the trading mechanism of the Australian pork market as a result of
significant pork imports.  Based on current price, importers can place overseas orders eight
weeks ahead of supply and there is no industry knowledge of these imports until more than 5
weeks after their arrival.
 
 If returns continue at the current low level of $1.90-2.00 per kilogram, the following can be
expected:
• a major loss of producers from the pork industry.  This will include smaller producers and

also medium scale units (400-800 sows) which have significant investment and, in operating



DEPARTMENT OF PRIMARY INDUSTRIES - QUEENSLAND 8

at well below costs of production, will be under considerable pressure from financial
institutions to foreclose.

• expansion and further investment may be postponed or abandoned by medium piggeries and
corporate investors.

4. ARE IMPORTS CAUSING SERIOUS INJURY?

This question is dealt with in detail in the UQ Report, Appendix 2.

Yes, imports have affected producer prices, reducing them by around 10-13 cents per kg per 1000
tonnes of imports from their introduction, through to the latest data available in June 1998.
Imports have also affected production due to buyers restricting domestic pig purchases and rigidly
adhering to contracted supply numbers, and driving production down by around 7 kg for every
kilogram imported. Imports have not affected retail prices because retail price has continued to
increase, except in the 6 months to June ’98 following the announcement of expanded import
protocols, as shown in Fig 4.  Imports do not appear to have affected wholesale prices for bone-in
pig meat.  However, evidence on an individual processor level indicates that bone-out wholesale
prices have been significantly affected.

The claim by ABARE, in its 1998 Briefing Note to the Rural Adjustment Scheme Advisory
Council, that overproduction and increased production has been the cause of depressed producer
prices is shown to be unsubstantiated. Fig 3 shows that during the period between 1995 and
1998 production was, in fact, below the long-term production trend.

Fig. 3

The contention by ABARE that declines in consumption have precipitated declines in producer
prices is also shown to be unsubstantiated. Consumer patterns rely on retail price movements
rather than producer price movements.  The UQ Report shows that retail price movements of
meats, however, are stable as shown in Fig 4.  Further, observed declines in consumption have
been matched by declines in production.
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Fig. 4

The contention that consumers are purchasing beef in preference to pork due to the low cattle
price is based on the premise that low cattle prices translate into low retail beef prices.  Again,
retail prices, as shown in Fig 4 above, have not changed significantly.

For further detail refer to the UQ Report, Appendix 2.

5. WHAT SAFEGUARD MEASURES WOULD REMEDY ‘SERIOUS INJURY’?

Given that serious injury has been demonstrated, there is a strong argument for some safeguard
measure or measures to be imposed.  While economic theory suggests that quotas are a superior
form of protection compared with tariffs, there would be substantial practical difficulties in
imposing quotas.

The provision of such measures should recognise the need for market signals to continue to
flow to the industry but should take into account the need for industry to adjust over a phase-in
period which industry can absorb.

Further, any such measures should not put at risk international trading arrangements for any of
our other primary products.

It is felt that even under WTO rules, short-term assistance for industries undergoing adjustment
to changed market circumstances is possible and is highly desirable. To this end, it is
recommended that the Commission give serious and urgent consideration to an appropriate
form of industry assistance including the option of short-term tariff relief.
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Contact details:

Mr J C Walthall
General Manager
Intensive Livestock Industry Development
Telephone: (07) 3239 3499
Facsimile: (07) 3239 3379
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APPENDIX 1.

PCA Telephone Survey of 500 producers taken as a stratified sample on 15/16 August 1998.
Details in hardcopy attached.

APPENDIX 2.

University of Queensland Economic Report – ‘the impact of trade liberalisation and increasing
imports on the Australian pig industry’ by Tim Purcell and Steve Harrison of the Economics
Dept, UQ.   This Report was commissioned by the Department of Primary Industries –
Queensland to determine any linkage between pork imports and domestic pig prices and to
understand other components and relationships of pork trading.

See hardcopy attached.

http://www.pc.gov.au/inquiry/pigs/subs/sub49b.pdf

APPENDIX 3.

Data from Sowtel provides Queensland pig farmers with basic pig and financial performance
for their herd and allows comparison between herds of similar scale and across the group.
Performance of Sowtel herds is regarded as slightly above the State average and the herds range
in scale: 20% 0-50 sows, 35% 50-100, 36% 100-150 and 37% larger than 150 sows, which
includes one herd of 1200 sows.  The scheme provides comparable data to the PRDC Pigstats
national industry benchmark of herd performance.

APPENDIX 4. |
Better Blend |  Appendix 4 and 5 are confidential
See attached hardcopy |

|
APPENDIX 5. |
Kewpie |
See attached hard copy |

http://www.pc.gov.au/inquiry/pigs/subs/sub49b.pdf
http://www.pc.gov.au/inquiry/pigs/subs/sub49b.pdf
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4415 Fr0lqwhjudwlrq dqdo|vlv ri qrq0vwdwlrqdu| vhulhv 1 1 1 1 1 1 1 1 1 455
4416 Fdxvh0dqg0h�hfw uhodwlrqvklsv xvlqj Judqjhu Fdxvdolw| 1 1 1 1 456
4417 Lqfrusrudwlqj frlqwhjudwlrq ehwzhhq yduldeohv xvlqj Huuru Fru0

uhfwlrq Prghov 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 458
4418 Irupdwlrq ri d YDU prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 459
4419 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45;
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45 D YDU prgho ri wkh Dxvwudoldq slj lqgxvwu| 45<
4514 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<
4515 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45<
4516 YDU prgho uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464

451614 Lpsxovh0Uhvsrqvh ixqfwlrqv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
451615 Yduldqfh Ghfrpsrvlwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 464
451616 Pxowlyduldwh Judqjhu Fdxvdolw| 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
451617 Iruhfdvwv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 46;
451618 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 474

46 Prghoolqj wkh Dxvwudoldq slj lqgxvwu| lq d YHF dqg Vwdwh0
Vsdfh iudphzrun 475
4614 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475
4615 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 475
4616 YHF prgho uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 476
4617 D vwdwh vsdfh prgho ri wkh Dxvwudoldq slj lqgxvwu| 1 1 1 1 1 1 484
4618 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 487

47 D YHF prgho ri surgxfhu0wr0uhwdlo pdunhwlqj pdujlq 48<
4714 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<
4715 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48<
4716 YHF prgho uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 493
4717 Lqfrusrudwlqj zkrohvdoh sulfhv lqwr wkh pdunhwlqj pdujlq 1 1 1 496
4718 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 49;

48 D YHF prgho ri wkh Dxvwudoldq uhwdlo phdw vhfwru 4:3
4814 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3
4815 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:3
4816 YHF prgho uhvxowv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:4
4817 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4:9

49 Lpshuihfw frpshwlwlrq dqg uhirup ri wkh slj lqgxvwu| 4;5
4914 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;5
4915 Pdunhw srzhu dqg lqwhuqdwlrqdo wudgh 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;5
4916 Zhoiduh h�hfwv ri wudgh olehudolvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;9
4917 Ehqh�wv wr wkh grphvwlf hfrqrp| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4;:
4918 Hfrqrplf uhjuhwv iurp lqgxvwu| ghplvh 1 1 1 1 1 1 1 1 1 1 1 1 1 4;;
4919 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<4
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4: Vdihjxdug phdvxuhv wr uhphg| vhulrxv lqmxu| 4<6
4:14 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<6
4:15 Wkh fdvh iru vxevlglhv lq suhihuhqfh wr wdul�v 1 1 1 1 1 1 1 1 1 1 4<7
4:16 Wkh fdvh iru txrwdv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<:
4:17 Wkh fdvh iru frpshqvdwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<;
4:18 Vxppdu| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 4<<

4; Frqfoxvlrqv 533
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314 Remhfwlyhv ri wkh vwxg|
Lq uhvsrqvh wr ghfolqlqj surgxfhu sulfhv dqg wkhlu frqvhtxhqw h�hfw rq suri0
lwdelolw|/ wkh Dxvwudoldq slj lqgxvwu| udlvhg frqfhuqv zlwk wkh Dxvwudoldq
Jryhuqphqw wkdw wkh ghfolqh lq surgxfhu sulfh zdv gxh wr orzhu sulfhg lp0
sruwv iurp Fdqdgd dqg wklv zdv vhulrxvo| lqmxulqj wkh lqgxvwu|1 Wkh slj
lqgxvwu| uhtxhvwhg wkdw wkh Jryhuqphqw lqvwlwxwh vdihjxdug phdvxuhv xq0
ghu Zruog Wudgh Rujdqlvdwlrq uxohv wr surylgh vkruw0whup dvvlvwdqfh wr wkh
lqgxvwu|1 Lq uhvsrqvh/ wkh Jryhuqphqw uhtxhvwhg wkdw wkh Surgxfwlylw| Frp0
plvvlrq/ dv lwv ghvljqdwhg Frpshwhqw Dxwkrulw|/ lqyhvwljdwh wkh ohjlwlpdf| ri
lpsrvlqj vdihjxdug phdvxuhv1 Wklv uhsruw irupv sduw ri wkh vxeplvvlrq iurp
wkh Ghsduwphqw ri Sulpdu| Lqgxvwulhv/ Txhhqvodqg1 Wkh uhsruw h{dplqhv
wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu| dqg kljkoljkwv vrph ri
wkh rswlrqv iru lqgxvwu| dvvlvwdqfh1

Hduolhu uhsruwv/ dqg lq sduwlfxodu wkh Lqgxvwu| Frpplvvlrq uhsruw ri 4<<8
dqg vxeplvvlrqv rq zklfk lw zdv edvhg/ kdyh dujxhg wkdw lpsruwv kdyh kdg
qhjoljleoh lpsdfw rq grphvwlf sljphdw sulfhv1 Lq wklv lqyhvwljdwlrq/ wkh
phwkrgrorj| dgrswhg lq suhylrxv vwxglhv kdv ehhq h{dplqhg/ dqg ydulrxv
whfkqltxhv ri wlph vhulhv dqdo|vlv kdyh ehhq dssolhg wr xsgdwhg sulfh dqg
surgxfwlrq yroxph vhulhv1 Vshfl�fdoo|/ zh vrxjkw wr dqvzhu d qxpehu ri
txhvwlrqv lqfoxglqj=

41 Zkdw kdv ehhq wkh xqghuo|lqj sdwwhuq ri fkdqjh lq sulfhv dqg surgxf0
wlrq lq wkh Dxvwudoldq sljphdw lqgxvwu|B

51 Kdyh sljphdw lpsruwv kdg dq h�hfw rq wkh Dxvwudoldq sljphdw lqgxv0
wu|B

61 Krz dghtxdwh kdyh wkh phwkrgrorj| dqg frqfoxvlrqv gudzq lq suhylrxv
vwxglhv ri wkh lpsdfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu| ehhqB

71 Vkrxog wkh Jryhuqphqw zlvk wr surylgh dvvlvwdqfh wr wkh lqgxvwu| lq
wkh fxuuhqw vwdwh ri h{wuhpho| ghsuhvvhg sulfhv/ zkdw frqvlghudwlrqv
qhhg wr eh wdnhq lqwr dffrxqwB

Zh krsh wkdw wkh dqdo|vlv dqg frqfoxvlrqv uhdfkhg lq wklv vwxg| zloo khos
wr vkhg oljkw rq dvvlvwdqfh dqg dgmxvwphqw uhtxluhphqwv iru wkh Dxvwudoldq
slj lqgxvwu|1
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31414 Dfnqrzohgjphqwv

Zh zrxog olnh wr wkdqn d qxpehu ri shrsoh iru surylglqj lqirupdwlrq xsrq
zklfk wklv dqdo|vlv kdv ehhq edvhg dqg iru wkhlu khosixo frpphqwv dqg fulw0
lflvpv1 Wkhvh lqfoxgh Urelq Fkduwhuv +Txhhqvodqg Srun Surgxfhuv Rujdql0
vdwlrq,> Klogd Phr +Dxvwudoldq Srun Frusrudwlrq,> Eodlu Eduwkrorphz/ Qlfn
Ghodqh|/ Fro Urvhqehujhu/ Mrkq Zdowkdoo/ Mrkq Kdujuhdyhv/ dqg Wuhyru Zlo0
vrq +Ghsduwphqw ri Sulpdu| Lqgxvwulhv/ Txhhqvodqg,> dqg �qdoo| Urgqh|
Ehdug dqg M|rwkl Ylmd|d Jdol +Vfkrro ri Qdwxudo dqg Uxudo V|vwhpv Pdq0
djhphqw,/ Ylqfh Pdwdvvd +Vfkrro ri Odqg dqg Irrg,/ dqg Qhlo Nduxqdudqwqh
+Ghsduwphqw ri Hfrqrplfv,/ doo dw wkh Xqlyhuvlw| ri Txhhqvodqg1 Ri frxuvh/
zh wdnh uhvsrqvlelolw| iru dq| uhpdlqlqj huuruv1
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Fkdswhu 4

H{hfxwlyh Vxppdu|

Wklv uhsruw h{dplqhv wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq sljphdw lqgxvwu|
wr ghwhuplqh zkhwkhu vdihjxdug dfwlrqv xqghu wkh Djuhhphqw rq Vdihjxdugv
ri wkh JDWW 4<<7 duh mxvwl�hg1 D suhylrxv lqyhvwljdwlrq e| wkh Lqgxvwu|
Frpplvvlrq lq 4<<8 lqwr wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxv0
wu| frqfoxghg wkdw lpsruwv kdyh kdg d plqlpdo lpsdfw/ li dq| dw doo/ rq
wkh vdoh|dug sulfh ri sljphdw surgxfwv dqg wkh surgxfwlrq ri sljphdw ^86`1
Xvlqj dgydqfhg hfrqrphwulf whfkqltxhv zh kdyh ehhq deoh wr h{soruh gdwd
jhqhudwlqj surfhvvhv dqg lghqwli| uhodwlrqvklsv ehwzhhq htxloleulxp sulfhv
dqg surgxfwlrq txdqwlwlhv wkdw duh klgghq zkhq xvlqj vwdqgdug hfrqrplf
dqdo|vlv1

Wkh dqdo|vlv frqgxfwhg lq wklv uhsruw kdv irxqg wkdw sulru wr 4<<3 sur0
gxfhu sulfhv zhuh uhodwlyho| vwdeoh dqg surgxfhuv frxog eh frq�ghqw ri ehlqj
deoh wr suhglfw pdunhw pryhphqwv1 Diwhu 4<<3 wkhuh lv d vwuxfwxudo euhdn
zklfk kdv lqgxfhg yrodwlolw| lq surgxfhu sulfhv/ qrw rqo| pdnlqj surgxfhu
ghflvlrqv pruh gl!fxow/ exw uhprylqj dq| orqj0uxq htxloleulxp uhodwlrqvkls1

Wklv uhsruw kdv irxqg wkdw lq dgglwlrq wr d vwuxfwxudo euhdn lq wkh �uvw
txduwhu ri 4<<3/ wkh orqj0whup wuhqgv ri wkh ydulrxv vhulhv  xfwxdwh ryhu
wlph1 Wklv phdqv wkdw lw lv xqolnho| wkdw wkh vhulhv xqghu vwxg|/ iru h{dpsoh
surgxfhu sulfhv/ zloo uhwxuq wr klvwrulfdo wuhqgv1 Qrw rqo| lv wkhuh dq h�hfw
rq sulfhv/ exw wkh lqwurgxfwlrq ri lpsruwv kdv ixqgdphqwdoo| fkdqjhg wkh
g|qdplfv ri wkh vxsso| uhvsrqvh1 Wkh dqdo|vlv lq wklv uhsruw vxjjhvwv wkdw
wkh lqwurgxfwlrq ri lpsruwv frqwlqxhv wr kdyh d odvwlqj h�hfw rq grphvwlf
sljphdw sulfhv uhfhlyhg e| surgxfhuv1

Suhylrxv vwxglhv kdyh frqwhqghg wkdw grphvwlf sulfhv duh vwurqjo| lq x0
hqfhg e| grphvwlf surgxfwlrq/ exw wklv uhsruw kdv irxqg wkdw lpsruwv dovr
sod| dq lpsruwdqw uroh1 Xqolnh suhylrxv vwxglhv/ wklv uhsruw kdv irxqg d vlj0
ql�fdqw uhodwlrqvkls ehwzhhq lpsruw yroxphv dqg lpsruw sulfhv dqg grphvwlf
surgxfwlrq dqg grphvwlf sulfhv dw doo ohyhov ri wkh pdunhwlqj fkdlq h{fhsw

:



uhwdlo sulfhv1
Wkh vljql�fdqw uhodwlrqvkls ehwzhhq lpsruwv dqg surgxfhu sulfhv kdv ehhq

lq wkh irup ri lpsruwv erwk lqgxflqj lqfuhdvhg yrodwlolw| lq sulfhv dqg lq
lqgxflqj d idoo lq wkh surgxfhu sulfh iru edfrqhuv1 Hfrqrphwulf prghoolqj
ri wkh idfwruv d�hfwlqj surgxfhu sulfhv lqglfdwhv wkdw iru hyhu| dgglwlrqdo
4333 wrqqhv ri sljphdw lpsruwhg/ grphvwlf surgxfhu sulfhv ihoo e| durxqg
�f2f*&} wr ��2f*&}1 Wkh h�hfw ri lpsruwv rq surgxfhu sulfhv lv txlwh odujh/
uhodwlyh wr wkh h�hfw ri grphvwlf surgxfwlrq rq surgxfhu sulfhv1 Rqh srvvleoh
h{sodqdwlrq ri wklv lv wkdw grphvwlf pdunhw lqwhuphgldulhv duh deoh wr edujdlq
grzq grphvwlf sulfhv wr wkh ohyho ri lpsruw sulfhv1

Rxu uhvxowv lqglfdwh wkdw uhwdlo sulfhv kdyh ghfolqhg e| durxqg D2f*&} gxh
wr h{whuqdo hyhqwv diwhu Qryhpehu 4<<:/ olnh wkh fkdqjh lq lpsruw surwrfrov
doorzlqj douhdg| surfhvvhg sljphdw iurp Fdqdgd dqg iuhvk/ iur}hq sljphdw
iurp Ghqpdun wr eh lpsruwhg1 Surgxfhu sulfhv kdyh dovr ehhq d�hfwhg e|
wkh lqwurgxfwlrq ri wkh qhz lpsruw surwrfrov1

Hfrqrplf wkhru| suhglfwv wkdw lq d shuihfwo| frpshwlwlyh pdunhw wkhuh
zloo eh ixoo sulfh wudqvplvvlrq ehwzhhq surgxfhu dqg uhwdlo sulfhv1 Rxu uh0
vxowv vxjjhvw wkdw wkh slj lqgxvwu| lv qrw shuihfwo| frpshwlwlyh zkhq ylhzhg
yhuwlfdoo|/ dowkrxjk wkhuh lv vwurqj hylghqfh lq wkh vshhg ri uhvsrqvhv ri sur0
gxfhuv wr h{whuqdo vkrfnv wkdw surgxfhuv wkhpvhoyhv duh kljko| frpshwlwlyh1
Wkh uhvxowv vxjjhvw wkdw lqfuhdvhv lq surgxfhu sulfhv zloo eh sdvvhg rq lq
kljkhu uhwdlo sulfhv exw kljkhu uhwdlo sulfhv zloo qrw eh sdvvhg rq dv kljkhu
surgxfhu sulfhv/ lqglfdwlyh ri dq dv|pphwulf sulfh wudqvplvvlrq phfkdqlvp
vhhq lq slj lqgxvwulhv lq pdq| rwkhu frxqwulhv1

Wkh uhvxowv lqglfdwh wkdw lpsruw yroxphv dqg sulfhv gr qrw kdyh d qhj0
dwlyh h�hfw rq uhwdlo sulfhv1 Wklv lpsolhv wkdw wkh dvvxphg ehqh�wv ri wudgh
olehudolvdwlrq/ uhvxowlqj iurp d uhgxfwlrq lq frqvxphu sulfh/ kdyh qrw rf0
fxuuhg1

Zkloh uhwdlo sulfhv kdyh qrw ehhq d�hfwhg e| lpsruwv/ dqg surgxfhu sulfhv
kdyh/ lw lv xqfohdu zkhwkhu zkrohvdoh sulfhv kdyh ehhq d�hfwhg1 Wkh odfn ri
gdwd rq zkrohvdoh sulfhv iru surgxfwv gluhfwo| frpsdudeoh zlwk lpsruwv kdp0
shuv dq| dqdo|vlv1 Dqdo|vlv xvlqj zkrohvdoh sulfhv iru erqh0lq surgxfwv lqgl0
fdwh wkdw lpsruwv gr qrw h�hfw zkrohvdoh sulfhv/ exw dqdo|vlv xvlqj zkrohvdoh
sulfhv iru rqh lqglylgxdo surfhvvru +Gduolqj Grzqv Edfrq, vxjjhvwv wkdw wkh
sulfh ri erqh0rxw surgxfwv +�dv0olnh� surgxfwv zlwk lpsruwv, duh vljql�fdqwo|
d�hfwhg1 Fkdpsdjqh Kdp +erqh0rxw, dqg Surfhvvhg Vkrxoghu Kdp uhjlvwhu
ghfolqhv lq sulfhv ri mf�.f�b� f��H��*&} dqg mf�2Sb2� f��feb*&} iru hyhu|
4333 wrqqhv ri lpsruwv uhvshfwlyho|1

Rqh ri wkh frqwhqwlrqv e| wkh Jryhuqphqw ^9`/^:` dqg DEDUH ^6` lv wkdw
lqfuhdvhv lq surgxfwlrq dqg fkdqjhv lq frqvxpswlrq sdwwhuqv ohdglqj wr dq
ryhuvxsso| ri sljphdw lv wkh sulpdu| fdxvh ri wkh idoo lq surgxfhu sulfhv1

;



Zh vkrz wkdw wkh lqfuhdvh lq surgxfwlrq/ dv dvvhuwhg e| DEDUH ^6`/ rqo|
uhihuv wr wkh shulrg ehwzhhq 4<<8 dqg 4<<;/ d wlph zkhq surgxfwlrq zdv lq
idfw ehorz klvwrulfdo sdwwhuqv1 Prghoolqj zrun lqglfdwhv wkdw wkhuh kdv ehhq
d fkdqjh lq wkh xqghuo|lqj vxsso| uhvsrqvh ri wkh grphvwlf slj lqgxvwu| dqg
wkdw surgxfwlrq lv lq idfw vljql�fdqwo| ehorz zkdw zrxog eh suhglfwhg e|
klvwrulfdo sdwwhuqv1 Lq whupv ri zkhwkhu d shuvlvwhqw ryhuvxsso| lq surgxfwlrq
kdv ehhq wkh fdxvh ri orz surgxfhu sulfhv/ prghoolqj zrun lqglfdwhv wkdw
surgxfhuv uhvsrqg txlfno| wr pdunhw vljqdov dqg dq| ryhuvxsso| lq grphvwlf
sljphdw lv fohduhg/ wr doo lqwhqwv dqg sxusrvhv/ zlwklq wkuhh prqwkv1 Ghfolqhv
lq sljphdw frqvxpswlrq kdyh qrw uhvxowhg lq dq ryhuvxsso| ri sljphdw lq wkh
grphvwlf pdunhw ehfdxvh surgxfwlrq kdv iroorzhg fkdqjhv lq frqvxpswlrq1

Wkh lqwurgxfwlrq ri qhz lpsruw surwrfrov diwhu Qryhpehu 4<<: vljql�0
fdqwo| ghfuhdvhv sljphdw surgxfwlrq e| durxqg �.ff wrqqhv1 Lqgxvwu| vrxufhv
lqglfdwh wkdw txrwd olplwv rq frqwudfw vdohv wr dedwwrluv kdyh ehhq vwulfwo| hq0
irufhg gxulqj 4<<; lq dq h�ruw wr uhvwulfw vxsso| dqg wklv frxog eh d srvvleoh
h{sodqdwlrq1

Rqh ri wkh sureohpv zlwk wkh vwdqgdug prgho ri lqwhuqdwlrqdo wudgh lv
wkdw lw dvvxphv idfwru prelolw| dfurvv vhfwruv dqg d shuihfwo| frpshwlwlyh
rxwfrph xqghu wudgh olehudolvdwlrq ohqglqj lwvhoi qdwxudoo| wr wkh frqfoxvlrq
wkdw olehudolvdwlrq lv suhihudeoh wr dq| w|sh ri lpshuihfw frpshwlwlrq1 Li wkh
lqvwlwxwlrqdo iudphzrun ri wkh lqgxvwu| lv vxfk wkdw wkhuh lv d pdunhwlqj
fkdlq/ zklfk lv lpshuihfwo| frpshwlwlyh dw hdfk vwdjh/ wkhq uhirup ri rqh
sduwlfxodu olqn rq wkh pdunhwlqj fkdlq zlwkrxw uhihuhqfh wr wkh rwkhuv zloo
uhvxow lq d vlwxdwlrq zkhuh wkh uhirup pd| dfwxdoo| ghfuhdvh frpshwlwlrq ri
wkh lqgxvwu| dv d zkroh1 Zlwk uhihuhqfh wr wkh slj lqgxvwu|/ frqvxphuv gr
qrw vhhp wr eh ehqh�wwlqj iurp wudgh uhirup zkloh surgxfhuv duh vhhlqj erwk
sulfhv dqg surgxfwlrq +dqg wkhuhiruh uhyhqxh, ghfolqh/ zlwk wkh ehqh�wv ri
wudgh uhirup vhhplqj wr eh fdswxuhg e| lqfuhdvhg pdunhwlqj pdujlqv1 Lq
vlwxdwlrqv zkhuh wkhuh h{lvwv lpshuihfwo| frpshwlwlyh pdunhwv gxh wr wkh
lqvwlwxwlrqdo vwuxfwxuhv lq dq lqgxvwu|/ lw fdq eh vkrzq wkdw frxqwhuydlolqj
srzhuv dfwxdoo| lqfuhdvh erwk surgxfhu dqg frqvxphu zhoiduh1

Zkhq wkh jryhuqphqw kdv d fkrlfh ehwzhhq lpsrvlqj d txrwd/ wdul� ru d
vxevlg| +lqfoxglqj d oxps0vxp frpshqvdwlrq,/ hfrqrplf wkhru| vkrzv wkdw
d vxevlg| lv ohvv glvwruwlqj wkdq d wdul�/ zklfk lv ohvv glvwruwlqj wkdq d txrwd1
Zh dujxh wkdw li wkh srolwlfdo hfrqrp| lv vxfk wkdw oxps0vxp frpshqvdwlrq
lv qrw ihdvleoh wkhq xqghu fhuwdlq frqglwlrqv d txrwd lv suhihudeoh wr d wdul�1
Li wdul�v duh lpsrvhg lq suhihuhqfh wr txrwdv wkhq wkh lpsrvlwlrq ri d '2nj
wdul� zloo uhvxow lq wkh vdph ohyho ri surwhfwlrq dv d txrwd1 Li wdul� uhyhqxh lv
gluhfwhg wrzdugv grphvwlf surgxfhu frpshqvdwlrq wkhq ghfolqhv lq grphvwlf
pdunhw vkduh zloo eh ixqghg e| h{sruwhuv1

<



Fkdswhu 5

Lqwurgxfwlrq

Lq uhvsrqvh wr surgxfhu frqfhuqv derxw wkh udslg dqg gudvwlf ghfolqh lq sulfhv
diwhu wkh Qryhpehu 4<<: ghflvlrq e| DTLV wr uhod{ wkh lpsruw surwrfrov iru
lpsruwdwlrq ri sljphdw iurp Fdqdgd dqg Ghqpdun/ wkh jryhuqphqw lqlwldwhg
d surgxfwlylw| Frpplvvlrq lqtxlu| lqwr wkh slj lqgxvwu|1 Wkh jryhuqphqw
ghvljqdwhg wkh Frpplvvlrq dv wkh �Frpshwhqw Dxwkrulw|� xqghu wkh Djuhh0
phqw rq Vdihjxdugv/ JDWW 4<<7 wr ghwhuplqh zkhwkhu wkhuh zhuh jurxqgv
iru vdihjxdug phdvxuhv wr eh dssolhg1 Wkh Surgxfwlylw| Frpplvvlrq sxe0
olvkhg dq lvvxhv sdshu ^:9` rxwolqlqj wkh vl{ vwhsv wkdw zhuh wr eh iroorzhg e|
wkh Frpplvvlrq lq pdnlqj d ghwhuplqdwlrq ri Vdihjxdug Dfwlrq=

Vwhs 4 Kdyh lpsruwv lqfuhdvhgB

Vwhs 5 Zkdw lv wkh lqgxvwu|B

Vwhs 6 Kdv wkh lqgxvwu| vx�huhg vhulrxv lqmxu|B

Vwhs 7 Duh lpsruwv fdxvlqj vhulrxv lqmxu|B

Vwhs 8 Zkdw vdihjxdug phdvxuhv zrxog uhphg| vhulrxv lqmxu|B

Vwhs 9 Ylhzv ri rwkhu lqwhuhvwhg sduwlhv

Lq dgglwlrq/ xqghu wkh dxvslfhv ri wkh Surgxfwlylw| Frpplvvlrqv* fkduwhu/
wkh lqtxlu| lv wr dgguhvv wkh jhqhudo sur�wdelolw| dqg frpshwlwlyhqhvv ri wkh
lqgxvwu|1

Wklv uhsruw/ frpplvvlrqhg e| wkh Ghsduwphqw ri Sulpdu| Lqgxvwulhv/
Txhhqvodqg +TGSL,/ irupv sduw ri wkh TGSL vxeplvvlrq wr wkh Surgxfwlylw|
Frpplvvlrq Lqtxlu|1 Lw h{soruhv uhfhqw fkdqjhv lq wkh Dxvwudoldq sljphdw
lqgxvwu|/ sduwlfxoduo| dq| h�hfw ri lpsruwv rq sulfhv uhfhlyhg e| slj surgxf0
huv1
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Diwhu eulh | uhylhzlqj wkh 4<<5 Dxvwudoldq Fxvwrpv Vhuylfh Dqwl0Gxpslqj
Lqtxlu| dqg wkh 4<<8 Lqgxvwu| Frpplvvlrq Uhvhdufk Uhsruw lq fkdswhu 6/
fkdswhu 7 kljkoljkwv vrph ri wkh lvvxhv qhhghg wr eh wdnhq lqwr frqvlghudwlrq
zkhq dgguhvvlqj wkh vwhsv rxwolqhg e| wkh Surgxfwlylw| Frpplvvlrq lq lwv
lvvxhv sdshu/ lq sduwlfxodu Vwhsv 4 dqg 5= kdyh lpsruwv lqfuhdvhg dqg zkdw
frqvwlwxwhv wkh lqgxvwu|1 Wkh exon ri wkh uhsruw dwwhpswv wr dgguhvv Vwhs
7 ri wkh lvvxhv sdshu ^:9/ s1 <`/ zkhwkhu lpsruwv duh fdxvlqj vhulrxv lqmxu|/
dqg lq grlqj vr dovr dgguhvvhv wkh vhfrqg sduw ri wkh Surgxfwlylw| Frpplv0
vlrq Lqtxlu|/ wkh sur�wdelolw| dqg frpshwlwlyhqhvv ri wkh lqgxvwu|1 Fkdswhu
8 rxwolqhv wkh gdwd vrxufhv dqg gh�qlwlrqv xvhg lq wkh vxevhtxhqw dqdo|vlv1
Fkdswhu 9 dwwhpswv wr lghqwli| wkh fruuhfw gdwd jhqhudwlqj surfhvvhv xqghuo|0
lqj sulfhv dqg surgxfwlrq lq wkh slj lqgxvwu|1 Fkdswhu : lghqwl�hv wkh h�hfw
ri lpsruwv dqg rwkhu idfwruv rq grphvwlf surgxfhu sulfhv1 Fkdswhu ; lghqwl0
�hv wkh h�hfw ri lpsruwv dqg rwkhu idfwruv rq grphvwlf surgxfwlrq1 Fkdswhu <
lghqwl�hv wkh h�hfw ri lpsruwv dqg rwkhu idfwruv rq zkrohvdoh sulfhv1 Fkdswhu
43 lghqwl�hv wkh h�hfw ri lpsruwv dqg rwkhu idfwruv rq uhwdlo sulfhv1 Fkdswhu
44 rxwolqhv d vlpxowdqhrxv htxdwlrq dssurdfk wr wdnh lqwr frqvlghudwlrq wkh
g|qdplfv ri vxsso| dqg ghpdqg1 Fkdswhu 45 ghyhorsv dq hfrqrphwulf prgho
zklfk fdq eh xvhg iru iruhfdvwlqj dqg vlpxodwlrq ri wkh pdunhw htxloleulxp
g|qdplfv lq wkh Dxvwudoldq slj lqgxvwu|1 Fkdswhu 46 h{whqgv wklv prgho
wr wdnh lqwr dffrxqw wkh vkruw0uxq ghyldwlrqv iurp wkh orqj0uxq htxloleulxp
wr lqfuhdvh wkh dffxudf| ri wkh prgho suhglfwlrqv1 Fkdswhu 47 ghyhorsv dq
hfrqrphwulf prgho wr dqdo|vh wkh surgxfhu0wr0uhwdlohu pdunhwlqj pdujlq iru
wkh Dxvwudoldq slj lqgxvwu|1 Fkdswhu 48 h{sdqgv wkh dqdo|vlv lq wkh suhylrxv
fkdswhu dqg suhvhqwv dq hfrqrphwulf prgho ri surgxfhu0wr0uhwdlohu pdunhwlqj
pdujlqv iru wkh Dxvwudoldq phdw lqgxvwu|1 Fkdswhu 49 uhylhzv wkh hfrqrplf
wkhru| rq wudgh olehudolvdwlrq xqghu lpshuihfw frpshwlwlrq1 Fkdswhu 4: dw0
whpswv wr dgguhvv Vwhs 8 dqg 9 ri wkh Lqtxlu|= zkdw vdihjxdug phdvxuhv
zrxog uhphg| vhulrxv lqmxu| dqg zkhwkhu wkh lpsrvlwlrq ri vdihjxdug phd0
vxuhv zrxog eh lq wkh ehvw lqwhuhvw ri wkh slj lqgxvwu|1 Ilqdoo|/ fkdswhu 4;
surylghv wkh pdlq frqfoxvlrqv ri wkh dqdo|vlv1
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Fkdswhu 6

Edfnjurxqg

614 Wkh 4<<5 Dxvwudoldq Fxvwrpv Vhuylfh Lq0
txlu|

Lq 4<<3 wkh Ihghudo Jryhuqphqw pdgh d ghflvlrq wr doorz lpsruwv ri iur}hq
sljphdw iurp Fdqdgd lqwr Dxvwudold1 Lq uhvsrqvh wr d grzqzdug wuhqg lq
sulfhv/ wkh slj lqgxvwu| pdgh uhsuhvhqwdwlrqv wr wkh Dxvwudoldq Fxvwrpv Vhu0
ylfh +DFV, dqg wkh Dqwl0Gxpslqj Dxwkrulw| +DGD, wr lqlwldwh dqwl0gxpslqj
dqg frxqwhuydlolqj +DGFY, surfhhglqjv djdlqvw wkh Fdqdgldq slj lqgxvwu|
^<`1 Dq dssolfdwlrq zdv orgjhg zlwk wkh DFV rq 5: Mxo| 4<<5 zklfk uhvxowhg
lq dq lqtxlu| odxqfkhg rq 4< Dxjxvw 4<<51 Wkh DFV suholplqdu| �qglqj
rq 5: Qryhpehu 4<<5 frqfoxghg wkdw iur}hq srun h{sruwv iurp Fdqdgd kdg
qrw fdxvhg dqg glg qrw wkuhdwhq pdwhuldo lqmxu| wr wkh Dxvwudoldq lqgxvwu|1
Dffruglqjo| wkhuh zdv qrw vx!flhqw jurxqgv iru dq DGFY qrwlfh1

Wkh uhohydqw srlqwv pdgh e| wkh lqtxlu| zhuh wkdw=

41 Wkh Dxvwudoldq lqgxvwu| frpsulvhg ri srun surgxfhuv dqg surfhvvruv1
+Wkh Fdqdgldq Jryhuqphqw kdg dujxhg wkdw wkh dvvhvvphqw eh olplwhg
wr surfhvvruv,1

51 Lq 4<<40<5 lpsruwv ri sljphdw wr Dxvwudold iurp Fdqdgd zhuh 7/633
wrqqhv lq d pdunhw ri 54:/333 wrqqhv E��bHI� iru pdqxidfwxulqj slj0
phdw/ zkloh iuhvk vdohv dffrxqwhg iru d ixuwkhu 43</333 wrqqhv1 Krz0
hyhu/ wkh exon ri lpsruwv zhuh kdpv/ zklfk dffrxqwhg iru pruh wkdq
43( ri wkh Dxvwudoldq kdp pdunhw ^43`/^44`1

61 Lpsruwv iurp Fdqdgd zhuh sulfhg dw 43048( ehorz wkdw ri wkh orfdo
surgxfw1 Wkh DFV irxqg wkdw lpsruwv ri sljphdw iurp Fdqdgd kdg
fdxvhg sulfh ghsuhvvlrq dqg vxssuhvvlrq/ dqg uhgxfhg sur�wdelolw|1
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71 DFV uhmhfwhg wkh Fdqdgldq Jryhuqphqw fodlpv wkdw Fdqdgldq srun lv
vxshulru wr Dxvwudoldq srun1

81 DFV djuhhg zlwk wkh Dxvwudoldq lqgxvwu|*v ylhz wkdw Fdqdgldq Jry0
huqphqw lqgluhfw vxevlglhv sdlg rq lqsxwv zhuh d irup ri dvvlvwdqfh dqg
zhuh wkhuhiruh srwhqwldoo| frxqwhuydlodeoh1

Wkh Dqwl0Gxpslqj Dxwkrulw| +DGD, xqghuwrrn d uhylhz ri wkh DFV
�qglqj dw wkh uhtxhvw ri wkh Dxvwudoldq lqgxvwu| dqg rq 58 Mdqxdu| 4<<6
frqfoxghg wkdw wkhuh zdv ^45`=

41 Qr gxpslqj ri Fdqdgldq h{sruwv ri iur}hq srun1

51 Qr vxevlglhv sdlg wr Fdqdgldq srun surfhvvruv/ qru wkdw judlq jurzhu
ru slj surgxfhu vxevlglhv lq Fdqdgd d�hfwhg wkh h{sruw ri iur}hq srun
iurp wkdw frxqwu|1

61 Lqvx!flhqw hylghqfh wr frqfoxgh wkdw pdwhuldo lqmxu| kdv ehhq vx�huhg/
iurp dq| fdxvh/ e| wkh Dxvwudoldq lqgxvwu| surgxflqj olnh jrrgv1

71 Qr pdwhuldo lqmxu| qru wkuhdw ri pdwhuldo lqmxu| fdxvhg e| gxpslqj ru
vxevlglvdwlrq ri Fdqdgldq sljphdw1

Lq hvvhqfh/ wkh DGD uhsruw frqfhqwudwhg rq wkh lvvxh ri gxpslqj ru
vxevlglvdwlrq ri Fdqdgldq sljphdw/ zklfk uholhv rq d qduurz +exw whfkqlfdoo|
fruuhfw, gh�qlwlrq ri gxpslqj 0 wkdw wkh surgxfw xqghu lqyhvwljdwlrq lv r�huhg
dw d orzhu sulfh lq wkh iruhljq frxqwu| wkdq lw lv lq wkh grphvwlf frxqwu|1
Wklv qduurz gh�qlwlrq ljqruhv wkh khwhurjhqhlw| ri prvw djulfxowxudo surgxfh
dqg dvvxphv wkdw wkhuh lv qr furvv vxevlglvdwlrq ehwzhhq mrlqw surgxfwv1
Dw lvvxh lv wkh gl�huhqw hodvwlflwlhv ri ghpdqg iru gl�huhqw frpsrqhqwv ri
wkh slj fdufdvv dfurvv frxqwulhv1 Lq Qruwk Dphulfd dqg Dvld +iru h{dpsoh
Mdsdq/ Wdlzdq dqg Nruhd 0 vljql�fdqw h{sruw pdunhwv iru Fdqdgldq dqg
XV sljphdw,/ wkhuh lv frqvlghudeoh ydoxh sodfhg rq wkh iruhsduw ri wkh slj 0
hvshfldoo| srun ehoolhv 0 zkhuhdv d pxfk ohvvhu ydoxh lv sodfhg rq wkh klqgv
ri wkh slj 0 wkh ohjv1 Dv vxfk/ zlwk frqvxphu ghpdqg ehlqj iru srun ehoolhv/
dqg wkh mrlqw surgxfw qdwxuh ri slj surgxfwlrq/ wkhuh lv dq ryhuvxsso| ri
klqgv ohdglqj wr d orzhu sulfh iru klqgv frpsduhg zlwk iurqwv1 Dxvwudoldq
frqvxphuv sodfh d pxfk kljkhu ydoxh rq ohjv wkdq rq srun ehoolhv dqg wkxv
wkhuh lv d qdwxudo duelwudjh iru h{sruwv ri Fdqdgldq klqgv lqwr wkh Dxvwudoldq
pdunhw1 Dq| ghwhuplqdwlrq ri gxpslqj zloo frqfoxgh lq wkh qhjdwlyh dv klqgv
duh r�huhg dw d orzhu sulfh lq erwk pdunhwv1 Lq hvvhqfh/ klqgv duh gxpshg
lq erwk pdunhwv gxh wr wkh kljkhu ydoxhg srun ehoolhv lqgxflqj surgxfhuv
wr lqfuhdvh surgxfwlrq wr fdwhu iru wkdw vhjphqw ri wkh pdunhw1 Wkh furvv
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vxevlg| ehwzhhq srun ehoolhv dqg klqgv gxh wr wkh mrlqwqhvv ri surgxfwlrq
pdnhv lw sur�wdeoh iru surgxfhuv wr vhoo klqgv dw d pxfk orzhu/ li qrw ehorz
frvw ohyho1

Ghvslwh wkh qhjdwlyh �qglqjv ri wkh DGD uhsruw/ wkh slj lqgxvwu| frq0
wlqxhg wr eholhyh wkdw d frqwulexwlqj idfwru ri ghfolqlqj sulfhv/ ghfolqlqj
sur�wdelolw|/ dqg forvlqj ri sljjhulhv dqg surfhvvlqj sodqwv zdv wkh lpsruwv
ri Fdqdgldq sljphdw1 Dffruglqjo|/ lq 4<<8 wkh Ihghudo Sulpdu| Lqgxvwulhv
Plqlvwhu djuhhg wr uhihu wkh pdwwhu wr wkh Lqgxvwu| Frpplvvlrq1

Wkh uhsruw kdqghg grzq e| wkh Lqgxvwu| Frpplvvlrq ^86` diwhu h{whqvlyh
frqvxowdwlrq zlwk lqwhuhvwhg sduwlhv kdg vhyhudo pdlq frqfoxvlrqv=

41 Lpsruwv ri sljphdw iruphg rqo| d vpdoo iudfwlrq ri wrwdo vxsso| rq wkh
grphvwlf pdunhw dqg/ dv vxfk/ zhuh xqolnho| wr lq xhqfh wkh ghpdqg
dqg vxsso| htxloleulxp1

51 Hfrqrplf dqdo|vlv e| DEDUH dqg wkh Qhz Vrxwk Zdohv Jryhuqphqw
irxqg olwwoh vxssruw iru wkh frqwhqwlrq wkdw lpsruwv kdg dq h�hfw rq
vdoh|dug/ ru idupjdwh/ sljphdw sulfhv1

61 Lqfuhdvlqj ihhg judlq frvwv gxh wr gurxjkw/ ghfolqlqj ehhi sulfhv dqg
lqfuhdvlqj grphvwlf vxsso| zhuh sodxvleoh h{sodqdwlrqv iru ghfolqlqj
sur�wdelolw| dqg sulfhv udwkhu wkdq lpsruwv1

71 Hfrqrp|0zlgh wudgh olehudolvdwlrq xqghu JDWW0ZWR zloo eulqj orqj0
whup ehqh�wv wr wkh hfrqrp| zklfk zloo pruh wkdq r�vhw wkh ghfolqlqj
iruwxqhv ri wkh slj lqgxvwu|1

Dw wkh wlph ri wkh Lqgxvwu| Frpplvvlrq 4<<8 Lqtxlu| lqwr wkh slj lq0
gxvwu|/ Dxvwudoldq Txdudqwlqh Lqvshfwlrq Vhuylfh +DTLV, surwrfrov phdqw
wkdw rqo| iuhvk iur}hq sljphdw4 ghvwlqhg iru ixuwkhu surfhvvlqj lqwr frrnhg
pdqxidfwxuhg surgxfwv vxfk dv kdpv dqg vpdoojrrgv frxog eh lpsruwhg1
Wkh Dxvwudoldq slj lqgxvwu| frqwhqgv wkdw wkh : Qryhpehu 4<<: ghflvlrq
e| wkh Ihghudo Jryhuqphqw wr doorz lpsruwv ri douhdg| surfhvvhg surgxfwv
iurp Fdqdgd dqg iuhvk/ iur}hq/ erqh0rxw sljphdw iurp Ghqpdun iru ixu0
wkhu surfhvvlqj lq Dxvwudold ixqgdphqwdoo| fkdqjhg wkh pdunhwlqj fkdlq dqg
hfrqrplf vwuxfwxuh ri wkh slj surgxfwlrq dqg surfhvvlqj lqgxvwu|1 Udwkhu
wkdq wkhuh ehlqj d vxevwlwxwlrq ehwzhhq grphvwlf dqg lpsruwhg sljphdw dw
wkh surfhvvlqj vwdjh/ wkhuh lv qrz vxevwlwxwlrq ehwzhhq doo grphvwlf dqg lp0
sruwhg pdqxidfwxuhg phdw dw wkh uhwdlo vwdjh1 Zkhuhdv suhylrxvo| lpsruwv

4Iuhvk/ Iur}hq Sljphdw1 IIS lv wkh DEV dfurq|p iru Iuhvk/ Iur}hq dqg Surfhvvhg
phdw xqghu DEV :548071 Wklv vkrxog qrw eh frqixvhg zlwk zkdw wkh lqgxvwu| whupv iuhvk
0 ru �zhw� phdw ghvwlqhg iru wkh uhwdlo exwfkhu pdunhw1
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d�hfwhg surgxfhuv dqg rqo| wkrvh surfhvvruv zkr kdg orqj0whup surfhvvlqj
frqwudfwv zlwk grphvwlf surgxfhuv/ diwhu wkh : Qryhpehu 4<<: ghflvlrq doo
surgxfhuv dqg doo surfhvvruv kdyh ehhq d�hfwhg ehfdxvh vxshupdunhwv fdq
qrz vrxufh gluhfwo| iurp lpsruwhg pdwhuldov1 Wkh hfrqrplf h�hfw ri wklv
zdv qrw iruhvhhq/ qru dqdo|vhg/ lq wkh 4<<8 lqtxlu|1

Wkh ghflvlrq rq : Qryhpehu 4<<: wr doorz lpsruwv ri pdqxidfwxuhg slj0
phdw iurp Fdqdgd dqg iuhvk sljphdw iurp Ghqpdun/ dqg wkh vxevhtxhqw
vkdus idoo lq grphvwlf sulfhv/ kdv surpswhg wkh Dxvwudoldq slj lqgxvwu| wr
djdlq txhvwlrq suhylrxv frqfoxvlrqv derxw wkh h�hfwv ri lpsruwv rq wkh sulfh
ri sljphdw1

615 Wkh 4<<8 Lqgxvwu| Frpplvvlrq Lqtxlu|

61514 Lqwurgxfwlrq

Lq 4<<8 wkh Lqgxvwu| Frpplvvlrq zdv uhtxhvwhg wr xqghuwdnh d uhylhz ri wkh
Dxvwudoldq slj lqgxvwu| dqg

Vshfl�fdoo| h{dplqh wkh h�hfwv ri lpsruwv rq sljphdw sulfhv/ lq0
yhvwphqw/ lqfrphv/ dqg sur�wv lq wkh grphvwlf lqgxvwulhv> dqg wkh
h�hfwv rq Dxvwudold ri jryhuqphqw dvvlvwdqfh surylghg e| rwkhu
frxqwulhv wr wkhlu sljphdw lqgxvwulhv1^86/ s1 [L`

Wkh nh| �qglqjv ri wkh uhylhz zhuh wkdw wkh fxuuhqw ghsuhvvlrq lq sulfhv
dqg sur�wdelolw| zhuh gxh wr vwuxfwxudo dgmxvwphqw fkdqjhv zklfk kdg ehhq
jrlqj rq iru pdq| ghfdghv dqg d whpsrudu| lqfuhdvh lq ihhg judlq sulfhv gxh
wr wkh suhydlolqj gurxjkw1 Lpsruwv glg kdyh wkh srwhqwldo wr vxssuhvv sulfhv/
exw e| qr pruh wkdq 7(/ dqg lq dq| fdvh lpsruwv zhuh/ dqg zhuh h{shfwhg
wr frqwlqxh wr eh/ d yhu| vpdoo frpsrqhqw ri ryhudoo vxssolhv1 Lq whupv ri
iruhljq jryhuqphqw dvvlvwdqfh wr wkhlu rzq slj lqgxvwulhv/ wkh ylhz zdv wkdw
dvvlvwdqfh zdv plqru/ dqg qrw h{shfwhg wr juhdwo| lq xhqfh lpsruw yroxphv
ru sulfhv1

Wkh uhylhz uholhg khdylo| rq wzr vxeplvvlrqv/ iurp DEDUH ^4` dqg wkh
QVZ Jryhuqphqw ^78`/ lq rughu wr frph wr wkhlu frqfoxvlrqv derxw wkh gr0
phvwlf lpsdfwv ri lpsruwv1 Lq wklv fkdswhu zh uhylhz wkh dqdo|vlv xqghuwdnhq
lq wkh wzr vxeplvvlrqv dqg r�hu vrph h{sodqdwlrq dv wr zk| qr vljql�fdqw
h�hfwv zhuh irxqg1 Zh frqfoxgh wkdw wkh ruljlqdo dqdo|vlv xqghuwdnhq zdv
 dzhg dqg wkhuhiruh wkh frqfoxvlrqv uhdfkhg duh ri grxewixo ydolglw|1
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61515 Wkh 4<<8 DEDUH vxeplvvlrq

Wkh 4<<8 DEDUH vxeplvvlrq wr wkh Lqgxvwu| Frpplvvlrq Lqtxlu| rq wkh
slj lqgxvwu| xvhg hfrqrphwulf dqdo|vhv wr frqfoxgh wkdw wkhuh zdv hlwkhu qr/
ru plqlpdo/ h�hfw ri lpsruwv rq wkh grphvwlf lqgxvwu|1 Wkh dqdo|vlv zdv lq
wzr sduwv> wkh �uvw sduw xvhg vlpxodwlrqv iurp HPDED +Hfrqrphwulf Prgho
ri Dxvwudoldq Eurdgdfuh Djulfxowxuh, ^64` wr frqfoxgh wkdw dq lqfuhdvh lq lp0
sruwv +xvlqj d sxovh h�hfw udwkhu wkdq d vkliw h�hfw, zrxog qrw kdyh orqj whup
h�hfwv rq wkh vxsso| dqg ghpdqg htxloleulxp dqg/ vhfrqgo|/ wkdw lqfuhdvhv
lq ihhg judlq sulfhv 0 zklfk dffrxqw iru derxw 98( ri wkh frvw ri surgxfwlrq 0
kdv d voljkw exw udslgo| ghfuhdvlqj h�hfw rq vdoh|dug sulfhv dqg surgxfwlrq1
Wkh vhfrqg sduw ri wkh dqdo|vlv xvhg vwdwlrqdulw| dqg frlqwhjudwlrq dqdo|vlv
wr frqfoxgh wkdw wkhuh lv qr orqj0uxq htxloleulxp ehwzhhq lpsruw yroxphv
dqg sulfhv dqg grphvwlf sulfhv ru surgxfwlrq1

Wkh HPDED vwuxfwxuh dvvxphv wkdw wkh prgho yduldeohv duh vwdwlrqdu|/
wkdw lv/ wkh phdqv dqg yduldqfhv ri wkh wlph vhulhv gr qrw pryh ryhu wlph1
Dv d uhvxow lw lv qrw vxusulvlqj wkdw wkh prgho suhglfwv wkdw wkh htxloleulxp/
rqfh glvwxuehg/ zloo uhwxuq wr lwv orqj0uxq phdq 0 hvshfldoo| vlqfh wkh vlp0
xodwhg vkrfnv duh wudqvlwru| lq qdwxuh +d sxovh, udwkhu wkdq shupdqhqw +d
vkliw,51 Jlyhq wkdw wkh DEDUH uhsruw frqfoxghv lq lwv hfrqrphwulf dqdo|vlv
vhfwlrq wkdw sulfhv dqg surgxfwlrq duh qrq0vwdwlrqdu|/ wkh xvh ri d prgho
wkdw dvvxphv vwdwlrqdulw| dv d suhuhtxlvlwh lv xqxvxdo1

Rqh ri wkh pruh lpsruwdqw dvshfwv derxw wkh vwdwlvwlfdo dqdo|vlv fduulhg
rxw lq wkh DEDUH vwxg| lv wkh vxusulvlqj uhmhfwlrq ri dq| fruuhfwlrq iru
vhdvrqdo h�hfwv lq sulfh1

Dowkrxjk wkh vdoh|dug slj sulfh h{klelwhg vhdvrqdolw|/ qr fruuhf0
wlrq zdv pdgh iru wklv lq shuiruplqj wkhvh whvwv/ dv vhdvrqdoo|
�owhulqj wkh gdwd zloo eldv wkh whvw uhvxowv +Gdylgvrq dqg Pdfn0
lqqrq 4<<6, ^4/ s1 76`1

Wklv odfn ri fruuhfwlrq iru vhdvrqdolw| lv kljko| vxvshfw1 D jhqhudo uhvxow
ri hfrqrphwulf dqdo|vlv lv wkdw li gdwd h{klelw vhdvrqdo h�hfwv/ dqg fruuhfwlrq
iru wkdw vhdvrqdolw| lv qrw fduulhg rxw/ wkh vxevhtxhqw uhvxowv duh plvohdglqj1
Wkh vwxg| txrwhv Gdylgvrq dqg Pdfnlqqrq +4<<6, ^63`/ exw grhv qrw uhsruw d
sdjh qxpehu1 Khqfh lw lv gl!fxow wr lghqwli| zkdw Gdylgvrq dqg Pdfnlqqrq
zhuh dfwxdoo| uhihuulqj wr/ dqg zkhwkhu ru qrw wkhlu frpphqwv kdyh ehhq
wdnhq rxw ri frqwh{w1 Rqh vxvshfwv wkdw Gdylgvrq dqg Pdfnlqqrq zhuh
uhihuulqj wr wkh eldvhg ruglqdu| ohdvw vtxduhv +ROV, vwdwlvwlf zklfk rffxuv

5Lq vhfwlrq 918 zh rxwolqh uhvhdufk zklfk vxjjhvwv wkdw wkh d sxovh h�hfw rq d qrq0
vwdwlrqdu| vhulhv zloo kdyh d vkliw h�hfw rxwfrph1
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dv d uhvxow ri gl�huhqflqj gdwd 0 dq h�hfw wkdw rffxuv lq dq| fdvh zkhq
whvwlqj iru vwdwlrqdulw| luuhvshfwlyh ri zkhwkhu wkh gdwd kdyh ehhq dgmxvwhg
iru vhdvrqdolw|1 Wkh uhdvrq zk| wkh Glfnh|0Ixoohu whvw ^65` dqg lwv dxjphqwhg
irup ^66` duh fduulhg rxw lv wr dgmxvw iru wkh eldvhg ROV vwdwlvwlf xvlqj wkh �
vwdwlvwlf1

Wkh DEDUH vwxg| xvhg wkh Dxjphqwhg Glfnh|0Ixoohu whvw dqg wkh Skloolsv0
Shuurq whvw ^:6` wr whvw iru vwdwlrqdulw|1 Wkh Skloolsv0Shuurq whvw/ dowkrxjk
pruh srzhuixo wkdq wkh Dxjphqwhg Glfnh|0Ixoohu +DGI, whvw/ vwloo kdv wkh
zhdnqhvv ri wkh DGI whvw lq wkdw wkh whvw vwdwlvwlf zloo eh xquholdeoh lq wkh
suhvhqfh ri d vwuxfwxudo euhdn1 Frqvlghulqj wkdw wkh sulpdu| sxusrvh ri wkh
vwxg| lv wr whvw iru wkh h�hfw ri lqwurgxflqj lpsruwv lqwr d pdunhw lq htxlole0
ulxp/ vxfk dq lqwurgxfwlrq zrxog suhvxpdeo| ohdg wr d vwuxfwxudo euhdn dqg
wkxv lqydolgdwh wkh DGI dqg Skloolsv0Shuurq whvw vwdwlvwlfv1 Shuurq ^9<`/^:3`
dqg Shuurq dqg Yrjhovdqj ^:4` rxwolqh dq �dgglwlyh rxwolhu� whvw wkdw lv urexvw
lq wkh suhvhqfh ri vwuxfwxudo euhdnv1

Wkh vhfrqg dvshfw zruwk| ri frpphqw derxw wkh vwdwlvwlfdo dqdo|vlv fdu0
ulhg rxw lq wkh DEDUH vwxg| lv wkh whvwlqj iru frlqwhjudwlqj uhodwlrqvklsv
ehwzhhq sljphdw lpsruwv dqg sulfhv1 Wkh vwxg| fodlpv wkdw

41 wkhuh duh qr orqj0uxq htxloleulxp uhodwlrqvklsv ehwzhhq sljphdw lp0
sruwv dqg sljphdw sulfhv/ exw wkhuh duh ehwzhhq vdoh|dug ehhi sulfh
dqg vdoh|dug sljphdw sulfhv> dqg

51 wkhuh pd| eh vkruw0uxq uhodwlrqvklsv ehwzhhq sljphdw lpsruwv dqg
sulfhv 0 krzhyhu/ wklv txhvwlrq kdv qrw ehhq h{soruhg1

Zlwk uhvshfw wr wkh �uvw srlqw +wkdw wkhuh duh qr orqj0uxq htxloleulxp
uhodwlrqvklsv ehwzhhq lpsruwv dqg sljphdw sulfhv/ exw wkhuh duh ehwzhhq
vdoh|dug ehhi sulfh dqg vdoh|dug sljphdw sulfhv,/ wkhvh uhvxowv duh whpshuhg
e| wkh sureohpv ri vhdvrqdolw| phqwlrqhg deryh1 Lw lv wr eh h{shfwhg iurp d
sulrul hfrqrplf wkhru| wkdw vdoh|dug ehhi dqg vdoh|dug slj sulfhv zrxog eh
frlqwhjudwhg6 dqg wkdw wklv h�hfw vkrxog frph wkurxjk hyhq wkrxjk wkh gdwd
kdyh qrw ehhq ghvhdvrqdolvhg/ gxh wr wkh kljk ghjuhh ri vxevwlwxwdelolw|1 Wkh
frlqwhjudwlqj uhodwlrqvkls ehwzhhq sljphdw lpsruwv +yroxphv dqg sulfhv, dqg
sljphdw sulfhv/ li rqh h{lvwv/ lv h{shfwhg wr eh ohvv vwurqj wkdq wkdw ehwzhhq
vdoh|dug ehhi sulfhv dqg vdoh|dug sljphdw sulfhv gxh wr wkh djjuhjdwhg qdwxuh
ri wkh sljphdw sulfhv dqg wkh uhodwlrqvkls ehlqj dfwxdoo| ehwzhhq sljphdw
lpsruwv +yroxphv dqg sulfhv, dqg ohj phdw sulfhv1 Lq vxppdu|/ wkh devhqfh
ri d frlqwhjudwlqj uhodwlrqvkls ehwzhhq lpsruwv dqg sljphdw sulfhv frxog eh

6Xqghu wkh dvvxpswlrq ri qr pdunhwlqj pdujlq gulylqj d zhgjh ehwzhhq surgxfhu dqg
uhwdlo sulfhv1

4:



gxh wr hlwkhu d zhdn/ exw vwloo suhvhqw/ uhodwlrqvkls ehwzhhq lpsruwv dqg
ohj phdw sulfhv> d uhodwlrqvkls ehwzhhq sljphdw lpsruwv dqg sljphdw sulfhv
zklfk kdv qrw ehhq lghqwl�hg gxh wr wkh idloxuh wr dffrxqw iru vhdvrqdolw|>
ru lq idfw qr wuxh uhodwlrqvkls h{lvwv1 Lq doo fdvhv ixuwkhu vwxg| lv zduudqwhg1

Wkh fkrlfh ri surfhgxuh xvhg wr whvw iru frlqwhjudwlrq lq wkh DEDUH
vwxg| lv qrw uhsruwhg1 Wkh vwxg| grhv qrw h{sodlq zkhwkhu d vlpsoh Dxj0
phqwhg Glfnh|0Ixoohu dqg Skloolsv0Shuurq whvw zdv xvhg/ ru zkhwkhu wkh pruh
jhqhudoo| dffhswhg Hqjoh0Judqjhu ^6:` wzr0vwhs surfhgxuh zdv xvhg1 Rqfh
wkh vwxg| hvwdeolvkhg wkh h{lvwhqfh ru qrq0h{lvwhqfh ri frlqwhjudwlrq wkh qh{w
orjlfdo vwhs zrxog kdyh ehhq wr hvwlpdwh zkdw wkdw uhodwlrqvkls zdv1 Lq wkh
suhvhqfh ri vhdvrqdo frlqwhjudwlrq wkh pruh dssursuldwh whvw zrxog kdyh ehhq
wkh vhdvrqdo h{whqvlrq wr wkh Mrkdqvhq pd{lpxp olnholkrrg surfhgxuh ^87`1
Zkhuh wkhuh duh vhyhudo yduldeohv wkdw duh olnho| wr eh frlqwhjudwhg +sljphdw
lpsruwv dqg sljphdw sulfhv/ ehhi sulfhv dqg sljphdw sulfhv, lw lv pruh dssur0
suldwh wr whvw iru frlqwhjudwlrq lq d vlpxowdqhrxv iudphzrun1 Wkh Mrkdqvhq
surfhgxuh whvwv iru wkh suhvhqfh ri frlqwhjudwlqj yhfwruv dv zhoo dv hvwlpdwlqj
wkh irup ri wkh frlqwhjudwlqj uhodwlrqvkls1 Wkh hvwlpdwhg uhodwlrqvkls fdq
wkhq eh xvhg wr irupxodwh dq Huuru Fruuhfwlrq Prgho +HFP,1 Dq HFP vkrzv
wkh vkruw0uxq g|qdplfv lq d orqj0uxq htxloleulxp uhodwlrqvkls 0 vrphwklqj qrw
h{soruhg lq wkh DEDUH vwxg|1

61516 Wkh DEDUH 4<<; uhdvvhvvphqw

Lq d Srun Frxqflo ri Dxvwudold gudiw vxeplvvlrq wr wkh Uxudo Dgmxvwphqw
Vfkhph Dgylvru| Frxqflo ^:8`/ wkh Frxqflo lq vxppdulvlqj fruuhvsrqghqfh
zlwk wkh Plqlvwhu iru Sulpdu| Lqgxvwulhv dqg Hqhuj| vdlg=

Lq uhvsrqvh rq 5< Dsulo ^4<<;`/ wkh Plqlvwhu vwdwhg wkdw kh uhfrj0
qlvhg wkh �yhu| vhulrxv gl!fxowlhv ehlqj h{shulhqfhg e| wkh lq0
gxvwu| dv d uhvxow ri wkh gudpdwlf froodsvh ri sljphdw sulfhv lq
uhfhqw prqwkv1� Kh vdlg wkdw kh kdg lqvwuxfwhg wkh Dxvwudoldq
Exuhdx ri Djulfxowxuh dqg Uhvrxufh Hfrqrplfv +DEDUH, dv d
pdwwhu ri xujhqf| wr frqgxfw dq dvvhvvphqw ri wkh fxuuhqw lqgxv0
wu| flufxpvwdqfhv1 ^:8/ s1 47`

Wklv qhz 4<<; DEDUH uhsruw ^6` qhhgv wr eh uhylhzhg dv zhoo lq oljkw ri
rxu fulwlflvpv ri wkh 4<<8 uhsruw1 Lq rxu ylhz/ wkh qhz uhsruw dggv qrwklqj wr
wkh ghedwh dqg lv d ghvfulswlyh qduudwlyh ri wkh fxuuhqw vwdwh ri wkh lqgxvwu|
zklfk suhvhqwv dujxphqwv zklfk duh qrw vxssruwhg e| vwdwlvwlfdo dqdo|vlv1
Lwv dujxphqwv duh qrw frqvlvwhqw zlwk wkh 4<<8 DEDUH uhsruw/ dqg |hw wklv
uhsruw uhdfkhv wkh vdph frqfoxvlrq wkdw idoov lq sljphdw sulfhv duh xquhodwhg
wr sljphdw lpsruwv1 Vshfl�fdoo|/ wkh uhsruw=
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41 fodlpv wkdw sulfhv duh orz gxh wr dq lqfuhdvh lq surgxfwlrq ^6/ s1 7/
Wdeohv 4 dqg 5` exw grhv qrw jlyh dq| lqglfdwlrq ri wkh glvwulexwlrq iurp
zklfk wkhvh sulfh dqg surgxfwlrq gdwd duh ghulyhg1 Zlwkrxw d phdvxuh
ri wkh glvwulexwlrq ri sulfhv dqg txdqwlwlhv/ vwdwlvwlfdo lqihuhqfhv fdqqrw
eh gudzq dv lw lv xqfhuwdlq zkhwkhu wkhvh gdwd duh gxh wr fkdqfh ru duh
vwdwlvwlfdoo| vljql�fdqw1

51 fodlpv wr xvh uhjuhvvlrq dqdo|vlv +exw suhvhqwv qhlwkhu frh!flhqwv qru
vwdqgdug huuruv,7 wr edfn xs lwv dvvhuwlrq wkdw sulfhv duh iroorzlqj
d orqj0whup wuhqg1 Iluvwo|/ wkh 4<<8 uhsruw irxqg hylghqfh ri qrq0
vwdwlrqdulw|/ vr d orqj0whup wuhqg grhv qrw h{lvw dv wkh wuhqg lv  xf0
wxdwlqj ryhu wlph/ dqg/ vhfrqgo|/ wkh qhz uhsruw fodlpv wkdw �vlqfh
Pdufk 4<<7/ surgxfwlrq kdv pryhg dzd| iurp wkh vwhdg| wuhqg dqg
sulfhv kdyh djdlq vwduwhg wr  xfwxdwh ryhu d zlghu dqg qrq0vhdvrqdo
udqjh1� ^6/ s1 4` Dv rxu dqdo|vlv ehorz vxjjhvwv/ wklv lv hylghqfh ri
d vwuxfwxudo euhdn zlwk d qrq0vwdwlrqdu| surfhvv diwhu wkh vwuxfwxudo
euhdn1 Wkhuhiruh/ qrw rqo| grhv wkh orqj0whup wuhqg  xfwxdwh/ exw lw
lv  xfwxdwlqj lq d gl�huhqw uhjlrq iurp wkdw ri wkh suh 4<<7 gdwd1 Wkh
uhsruw*v dqdo|vlv lv dq lqydolg dssolfdwlrq ri vwdwlvwlfdo whfkqltxhv1

61 xvhv wkh shulrg Pdufk 4<;7 wr Pdufk 4<<7 dv d edvh rq zklfk wr frq0
gxfw frpsdudwlyh dqdo|vlv1 Dv wkh lqgxvwu| lv fodlplqj wkdw 4<<3 lv
wkh ehjlqqlqj ri d vwuxfwxudo euhdn gxh wr wkh lqwurgxfwlrq ri lpsruwv
fkdqjlqj wkh vxsso| dqg ghpdqg uhodwlrqvkls lw vhhpv orjlfdo wr whvw
wklv k|srwkhvlv udwkhu wkdq wr fdofxodwh d edvh shulrg vwudggolqj wkh
sursrvhg vwuxfwxudo euhdn1

71 dvvhuwv wkdw wkhuh lv d joredo grzqzdug orqj0whup wuhqg lq sljphdw
sulfhv dqg ihhg judlq sulfhv lq uhdo whupv/ exw qr dqdo|vlv lv pdgh wr
vxssruw wklv frqwhqwlrq1 Iru h{dpsoh/ qr hvwlpdwhv ri wkh udwh ri orqj0
whup sulfh fkdqjh duh pdgh1 Wkhuh lv dq lpsolfdwlrq wkdw wkh revhuyhg

7Lw lv xqfhuwdlq zkdw uhjuhvvlrq zdv dfwxdoo| fduulhg rxw1 Iurp d uhdglqj ri wkh uhsruw
lw vhhpv wkdw lw lv d vlpsoh uhjuhvvlrq ri wkh vhulhv rq d wlph wuhqg

+| ' kf n k�A n 0| +614,

Frqgxfwlqj wklv uhjuhvvlrq |lhogv wkh iroorzlqj vwdwlvwlfv
	+| ' 2�e.Hb

Ef�f�D2f��
3 f�f�e�HS

Ef�ff�2f�e�
A

-2 ' f�.e�Hb/ GZ0vwdwlvwlf ' f��DS.2/ khwhurvfhgdvwlflw| �2� ' S��bDbWc zkhuh wkh
vwdqgdug huuruv duh lq eudfnhwv1 Wkh uhjuhvvlrq h{klelwv vhuldo fruuhodwlrq/ dffruglqj wr
wkh Gxuelq0Zdwvrq Vwdwlvwlf/ dqg lv khwhurvfhgdvwlf +qrq0frqvwdqw yduldqfh,1 Wkh sorw ri
dfwxdo yhuvxv �wwhg ydoxhv lv suhvhqwhg lq Iljxuh 6141 Wklv lv yluwxdoo| lghqwlfdo wr Fkduw
4 lq wkh DEDUH uhsruw ^6/ s1 6`1
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idoo lq sljphdw sulfhv lq Dxvwudold +5( shu dqqxp ryhu 58 |hduv dqg
;( shu txduwhu lq wkh odvw |hdu, lv dq lqhylwdeoh wuhqg1

81 dvvhuwv wkdw �wklv grzqzdug wuhqg lv d frpprq ihdwxuh ri doo frpprg0
lw| sulfhv ryhu wkh orqjhu whup1�^6/ s1 5` Lw lv qrw fruuhfw wr dsso|
d jhqhudolvdwlrq wr d vshfl�f lqgxvwu| dw d sduwlfxodu srlqw lq wlph1
Frxqwhu0f|folfdo dqg frxqwhu0wuhqg h�hfwv lq sduwlfxodu lqgxvwulhv duh
d frpprq ihdwxuh ri frpprglw| edvhg lqgxvwulhv1

91 lqfoxghv d wdeoh ghprqvwudwlqj lqfuhdvlqj jurvv rshudwlqj vxusoxv shu
idup lq wkh slj lqgxvwu| dv djdlqvw idoolqj jurvv rshudwlqj vxusoxv iru
vkhhs dqg ehhi1 Wklv pd| qrw eh d sduwlfxoduo| idlu frpsdulvrq/ lq wkdw
wkh vwuxfwxuh ri wkh slj lqgxvwu| zrxog dsshdu wr kdyh fkdqjhg frqvlg0
hudeo| ryhu wkh ghfdgh/ zlwk vpdoohu surgxfhuv ohdylqj wkh lqgxvwu|1

:1 xvhv HPDED vlpxodwlrqv wr edfn lwv fodlp wkdw surgxfwlrq lv wkh fdxvh
ri wkh ghsuhvvlrq lq sulfh1 Wkh fulwltxh ri HPDED ohyhohg djdlqvw wkh
4<<8 DEDUH uhsruw zrxog vwloo dsshdu wr krog1

61517 Wkh QVZ Jryhuqphqw vxeplvvlrq

Wkh vxeplvvlrq e| wkh QVZ jryhuqphqw wr wkh 4<<8 Lqgxvwu| Frpplvvlrq
Lqtxlu| lqfoxghg dq dsshqgl{ rq fdxvdolw| dqdo|vlv ^78`1 Wkh vxeplvvlrq uh0
sruwhg Judqjhu dqg Vlpv Fdxvdolw| whvwv rq lpsruwv dqg sulfhv ri ohjv dqg
orlqv1 Rqh ri wkh pdmru sureohpv zlwk wkh vwxg| zdv wkh odfn ri uljrurxv
whvwlqj iru vwdwlrqdulw|1 Udwkhu wkdq xvh Dxjphqwhg Glfnh|0Ixoohu +DGI,/
Skloolsv0Shuurq/ ru Shuurq dgglwlyh rxwolhu whvwv wr whvw iru wkh suhvhqfh ri
xqlw urrwv +qrq0vwdwlrqdu| phdqv,/ wkh QVZ Jryhuqphqw vxeplvvlrq suh0
ihuuhg wr frpsduh Fdxvdolw| whvwv zlwk dqg zlwkrxw �uvw gl�huhqflqj1 Zkloh
lw lv dfnqrzohgjhg wkdw prvw hfrqrplf vhulhv h{klelw dq L+4, gdwd0jhqhudwlqj
surfhvv +GJS, +wkdw lv/ wdnlqj �uvw0gl�huhqfhv ri wkh gdwd vhulhv zloo lqgxfh
vwdwlrqdulw|,/ wkhvh dvvxpswlrqv fdq hdvlo| eh/ dqg vkrxog eh/ whvwhg lq dq
dqdo|wlfdo iudphzrun udwkhu wkdq uho|lqj rq dg0krf dvvxpswlrqv1 Wkh vhf0
rqg gh�flhqf| lq wkh QVZ Jryhuqphqw vxeplvvlrq zdv wkh odfn ri whvwlqj
iru vhdvrqdolw|/ hvshfldoo| vlqfh wkh dqdo|vlv xvhg prqwko| gdwd1 Wkh vdph
fulwlflvpv derxw vhdvrqdolw| dsso| wr wklv vxeplvvlrq dv dssolhg wr wkh 4<<8
DEDUH vwxg|1
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Iljxuh 614= Uhdo txduwhuo| lqglfdwru slj sulfh zlwk wuhqgolqh1
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Fkdswhu 7

Wkh 4<<; Surgxfwlylw|
Frpplvvlrq Lqtxlu|

714 Lqwurgxfwlrq
Wklv fkdswhu dwwhpswv wr dgguhvv wkh vwhsv udlvhg lq wkh Surgxfwlylw| Frp0
plvvlrq lvvxhv sdshu ^:9`1 Lq grlqj vr zh ghflghg wr ohdyh Vwhs 6/ zkhwkhu
wkh lqgxvwu| kdv vx�huhg vhulrxv lqmxu|/ wr pruh frpshwhqw dxwkrulwlhv1 Dq|
ghwhuplqdwlrq ri vhulrxv lqmxu| qhhgv wr wdnh lqwr frqvlghudwlrq zkhwkhu wkh
gurs lq surgxfhu sulfhv zrxog kdyh d vljql�fdqw/ ghohwhulrxv h�hfw rq sur0
gxfhu sur�wdelolw| dqg lqghewhgqhvv1 Phdvxuhv ri surgxfhu sur�wdelolw| dqg
lqghewhgqhvv zrxog qhhg wr froohfwhg rq dq lqglylgxdo surgxfhu edvlv yld d
vxuyh|1 Wklv fkdswhu �uvw rxwolqhv lvvxhv ghdolqj zlwk Vwhsv 4 dqg 5 ri wkh
lvvxhv sdshu ehiruh rxwolqlqj wkh uhvw ri wkh uhsruw lq ghdolqj zlwk Vwhsv 7/ 8
dqg 91

715 Vwhs 4 0 Kdyh lpsruwv lqfuhdvhgB
Wkh �uvw txhvwlrq udlvhg e| wkh Surgxfwlylw| Frpplvvlrq lq lwv lvvxhv sdshu
^:9/ s1 9` lv zkhwkhu lpsruwv kdyh lqfuhdvhg lq devroxwh whupv ru uhodwlyh
wr surgxfwlrq1 Qdwxudoo| wklv txhvwlrq uholhv rq vrph ghwhuplqdwlrq dv wr
zkdw lv wkh dssursuldwh wlph shulrg iru frpsdulvrq1 Prxolv ^95/ ss1 809`
vxjjhvwv wkdw wkh dssursuldwh wlph shulrg lv 4<<8=4 rqzdugv/ dqg edvhv wklv
dujxphqw rq wkh qhjdwlyh �qglqjv ri wkh 4<<5 DFV lqtxlu| dqg wkh 4<<8
Lqgxvwu| Frpplvvlrq lqtxlu| dqg rq wkh hphujhqf| frqwh{w ri Duwlfoh [L[
ri wkh JDWW 4<<71

Wklv dujxphqw lv  dzhg iru wzr uhdvrqv=
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41 Wkh qhjdwlyh �qglqjv ri wkh 4<<5 DFV dqg 4<<8 Lqgxvwu| Frpplvvlrq
lqtxlulhv zhuh edvhg rq hfrqrplf dqdo|vlv zklfk zh kdyh vkrzq lq
fkdswhu 6 wr eh  dzhg lq wkhlu dssolfdwlrq ri hfrqrplf dqg vwdwlvwlfdo
whfkqltxhv/ ohdglqj wr wkhlu frqfoxvlrqv ehlqj vxvshfw1

51 Prxolv* lqwhusuhwdwlrq ri wkh hphujhqf| frqwh{w ri Duwlfoh [L[ ri wkh
JDWW 4<<7 lpsolflwo| dvvxphv wkdw wkhuh lv d vxgghq h{rjhqrxv vkrfn
fdxvlqj lpphgldwh vhulrxv lqmxu| wr d grphvwlf lqgxvwu|/ dqg wkhuhiruh
ghqlhv wkh vfhqdulr ri d wudqvlwlrq shulrg ehiruh wkh ixoo h�hfwv ri d
h{rjhqrxv vkrfn lpsdfw rq wkh lqgxvwu|1 Dq| duelwudu| lpsrvlwlrq ri d
vwuxfwxudo euhdn wr fdswxuh dq h{rjhqrxv vkrfn wkdw kdv qr edvlv lq idfw
ru wkhru| grhv qrwklqj wr hqkdqfh wkh dqdo|vlv ri wkh gdwd jhqhudwlqj
surfhvv xqghuo|lqj sulfh dqg surgxfwlrq uhodwlrqvklsv1

Lq dq| h{dplqdwlrq ri wkh h�hfw ri lpsruwv rq wkh slj lqgxvwu| wkhuh duh
wzr vkrfnv wr wkh pdunhw htxloleulxp wkdw qhhg wr eh frqvlghuhg1 Wkh �uvw
vkrfn rffxuuhg lq 4<<3=4 +4r| txduwhu 4<<3,/ zlwk wkh uhprydo ri txdudqwlqh
uhvwulfwlrqv rq wkh lpsruwdwlrq ri iuhvk/ iur}hq/ +IIS, erqh0rxw sljphdw iurp
Fdqdgd 0 wr eh xvhg lq wkh surfhvvhg phdw vhfwru ri wkh sljphdw lqgxvwu|1
Wkh vhfrqg vkrfn rffxuuhg lq 4<<:=44 +Qryhpehu 4<<:,/ zlwk wkh uhprydo
ri txdudqwlqh uhvwulfwlrqv rq wkh lpsruwdwlrq ri iuhvk/ iur}hq/ erqh0rxw slj0
phdw iurp Ghqpdun/ wr eh xvhg lq wkh surfhvvhg phdw vhfwru ri wkh sljphdw
lqgxvwu|/ dqg wkh dssurydo iru wkh lpsruwdwlrq ri douhdg| surfhvvhg sljphdw
iurp Fdqdgd1

Wdnlqj wkhvh frqvlghudwlrqv lqwr dffrxqw/ dqg luuhvshfwlyh ri wkh wlph
iudph xvhg/ Iljxuh 714 lqglfdwhv wkdw lpsruwv +iurp doo vrxufhv, kdyh ehhq
frqvlvwhqwo| lqfuhdvlqj lq erwk devroxwh whupv dqg uhodwlyh wr surgxfwlrq1
Wkh odvw gdwd srlqw rq wkh judsk vxjjhvwv wkdw lpsruwv kdyh dfwxdoo| idoohq
lq uhfhqw prqwkv1 Wklv zrxog eh dq huurqhrxv frqfoxvlrq dv dowkrxjk gdwd
iru ryhudoo lpsruwv diwhu Pdufk 4<<; duh qrw dydlodeoh/ lpsruwv iurp Fdqdgd/
gdwd iru zklfk lv dydlodeoh/ vxjjhvwv wkdw lpsruwv duh lq idfw lqfuhdvlqj +Vhh
Wdeoh 714,1

716 Vwhs 5 0 Zkdw lv wkh lqgxvwu|B
Rqh ri wkh txhvwlrqv udlvhg e| wkh Surgxfwlylw| Frpplvvlrq lq lwv lvvxhv
sdshu ^:9/ s1 9` frqfhuqv wkh gh�qlwlrq ri wkh �lqgxvwu|� dv surgxfhuv ri
�olnh� ru �gluhfwo| frpshwlwlyh� jrrgv1 Prxolv ^95/ ss1 708` dujxhv rxw wkdw
lpsruwv iurp Fdqdgd duh ri erqh0rxw iur}hq ohjphdw/ qrw ri zkroh fdufdvvhv/
dqg wkxv gr qrw frqvwlwxwh d �olnh� surgxfw wr wkh rxwsxw ri wkh slj surgxflqj
vhfwru ri wkh slj lqgxvwu|1 Wkh txhvwlrq ri zkhwkhu zkroh fdufdvvhv frqvwlwxwh
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Iljxuh 714= Prqwko| surgxfwlrq dqg lpsruwv ri sljphdw lqwr Dxvwudold

Wdeoh 714= Prqwko| surgxfwlrq dqg lpsruwv +wrqqhv,
Prqwk Surgxfwlrq Lpsruwv Fdqdgldq Lpsruwv
Mdq0<; 58986 8631<34 6561554
Ihe0<; 5::78 94:1:75 7;<13;3
Pdu0<; q1d1 9971;37 7631:9<
Dsu0<; q1d1 q1d1 836189:
Pd|0<; q1d1 q1d1 73718<7
Mxq0<; q1d1 q1d1 ;971<:4

Vrxufh= DEV
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�gluhfwo| frpshwlwlyh� jrrgv qhhgv wr eh frqvlghuhg lq wkh frqwh{w ri wkh
surfhvvlqj fkdlq1

Wkh Dxvwudoldq slj lqgxvwu| lv kljko| yhuwlfdoo| lqwhjudwhg dw wkh surgxfhu
0 dedwwrlu 0 surfhvvru ohyho zlwk surgxfhuv frqwudfwhg wr sduwlfxodu dedwwrluv
dqg surfhvvruv dqg vrph surgxfhuv ehlqj phpehuv ri surgxfhu 0 dedwwrlu 0
surfhvvru frrshudwlyhv/ olnh Gduolqj Grzqv Edfrq +GGE,1 Wkh ghfolqh lq sur0
gxfhu sulfhv iurp Qryhpehu 4<<: kdv vhhq GGE dffhsw d uhgxfwlrq lq wkhlu
pdujlqv dv wkh| surylgh dvvlvwdqfh wr wkhlu surgxfhu phpehuv lq wkh irup ri
kljkhu wkdq pdunhw sulfhv ^5;`1 Wkh gl!fxow| lq vhsdudwlrq ri wkh surfhvvlqj
fkdlq lqwr lwv frpsrqhqw sduwv vxjjhvwv wkdw/ lq dq hfrqrplf vhqvh/ zkroh
fdufdvvhv vkrxog eh frqvlghuhg dv �gluhfwo| frpshwlwlyh� zlwk wkh lpsruwhg
surgxfw1

Wkh 4<<8 DEDUH uhsruw ^4` kljkoljkwhg wkh lvvxh ri furzglqj rxw/ wkdw
wkh lpsruwv ri Fdqdgldq sljphdw zrxog glyhuw grphvwlf vxssolhv ri ohjv wr
wkh iuhvk ru �zhw� phdw vhfwru/ dv zhoo dv wr rwkhu surfhvvlqj hqg0xvhv1 Gxh
wr wklv glyhuvlrq wkhuh lv wkh h{shfwdwlrq wkdw lpsruwv zrxog kdyh dq h�hfw rq
yroxphv dqg sulfhv ri rwkhu sljphdw surgxfwv +qrw rqo| srun ohjv,/ d txhvwlrq
zklfk zloo eh dgguhvvhg lq fkdswhu <1 Wkh vwuxfwxuh ri wkh sljphdw surfhvvlqj
dqg pdunhwlqj fkdlq lv vxfk wkdw wkhuh lv dssur{lpdwho| d 73=93 vsolw ehwzhhq
iuhvk ru �zhw� phdw dqg surfhvvhg ru pdqxidfwxuhg phdw/ dv vkrzq lq Iljxuh
7151 Wkh pdqxidfwxuhg phdw lv ixuwkhu glylghg lqwr ohjv/ iru kdp/ dqg plggohv
iru edfrq dqg rwkhu vpdoojrrgv1 Wkhuh lv d kljk vxevwlwxwdelolw| ehwzhhq ohjv
iru kdp dqg ixuwkhu surfhvvlqj ri ohjv lqwr rwkhu vpdoojrrgv1

717 Vwhs 7 0 Duh lpsruwv fdxvlqj vhulrxv lq0
mxu|B

Wkh 4<<8 Lqgxvwu| Frpplvvlrq Lqtxlu| lqwr wkh slj lqgxvwu| uholhg khdy0
lo| rq dqdo|vlv vxeplwwhg e| DEDUH ^4/ s1 76` dqg wkh QVZ Jryhuqphqw
^78`1 Wkh vxeplvvlrqv irxqg qr hylghqfh ri dq| h�hfw ri lpsruwv rq wkh sulfh
ru surgxfwlrq ri sljphdw1 Lq wkh iroorzlqj fkdswhuv zh xqghuwdnh rxu rzq
dqdo|vlv xvlqj wkh vdph yduldeohv/ exw zlwk dq xsgdwhg gdwdvhw1 Rxu dqdo|0
vlv fruuhfwv iru wkh gh�flhqflhv kljkoljkwhg lq wkh ruljlqdo uhsruwv vxeplwwhg
e| DEDUH dqg wkh QVZ Jryhuqphqw dqg h{whqgv wkhlu zrun wr lghqwli|
sdwwhuqv lq wkh gdwd suhylrxvo| revfxuhg1

Dv zlwk wkh DEDUH dqg QVZ Jryhuqphqw vxeplvvlrqv wr wkh 4<<8
Lqgxvwu| Frpplvvlrq Lqtxlu|/ zh �uvw whvw wkh yduldeohv wr vhh zkhwkhu wkhlu
phdq fkdqjhv ryhu wlph/ dv dqdo|vlv rq yduldeohv zlwk d fkdqjlqj phdq pd|
lqglfdwh wkdw d uhodwlrqvkls h{lwv ehwzhhq wzr ru pruh yduldeohv zkhq lq idfw
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Iljxuh 715= Pdunhwlqj Fkdlq iru Sljphdw
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wkdw uhodwlrqvkls lv mxvw wkh vkliwlqj phdq1
Zh wkhq h{whqg wkh ruljlqdo dqdo|vlv wr whvw iru sdudphwhu frqvwdqf| 0

dv rqh ri wkh dvvxpswlrqv ri vwdwlvwlfdo dqdo|vlv lv wkdw wkh frh!flhqwv/ ru
sdudphwhuv/ gr qrw fkdqjh ryhu wlph1 Li sdudphwhuv duh fkdqjlqj ryhu wlph
wkhq wklv lv dq lqglfdwlrq ri d vwuxfwxudo euhdn/ ru d fkdqjh lq wkh xqghuo|lqj
pdunhw htxloleulxp gxh wr dq h{rjhqrxv vkrfn1 Dv wkh ixqgdphqwdo txhvwlrq
ri wklv lqtxlu| lv zkhwkhu ru qrw lpsruwv kdyh kdg dq h�hfw rq wkh slj lqgxv0
wu| zh dujxh wkdw orjlfdoo|/ dq| h{dplqdwlrq vkrxog whvw iru wkh suhvhqfh ri
vwuxfwxudo euhdnv1

Diwhu ghwhuplqlqj zkhwkhu wkh lqwurgxfwlrq ri lpsruwv kdyh kdg dq h�hfw
rq wkh Dxvwudoldq slj lqgxvwu| zh wkhq dwwhpsw wr txdqwli| wkdw h�hfw/ xvlqj
dxwruhjuhvvlyh glvwulexwhg odj +DGO, prghov zklfk fdswxuh wkh xqghuo|lqj
gdwd jhqhudwlqj surfhvv +GJS,1 Zh duh frqfhuqhg zlwk fdswxulqj wkh h{dfw
h�hfwv ri doo wkh frqwulexwlqj idfwruv wr wkh GJS/ udwkhu wkdq lpsrvlqj dq
dg0krf vwuxfwxuh dqg whvwlqj wr vhh zkhwkhu wkh GJS �wv wklv vwuxfwxuh1 Lq
grlqj vr zh duh lqgluhfwo| dgguhvvlqj wkh vhfrqg frpsrqhqw ri wkh lqtxlu|/
Zkdw duh wkh pdmru idfwruv gulylqj vwuxfwxudo fkdqjh lq wkh lqgxvwu|B Zklfk
idfwruv duh olnho| wr eh vljql�fdqw lq ixwxuhB ^:9/ s1 44`

Wkh DEDUH vxeplvvlrq h{dplqhg sulfhv dqg lpsruwv wr vhh zkhwkhu
wkhuh zdv d orqj0uxq uhodwlrqvkls ehwzhhq wkhp1 Zh h{whqg wkhlu zrun wr whvw
iru d orqj0uxq uhodwlrqvkls lq d pxowlyduldwh iudphzrun 0 wr vhh zkhwkhu wkhuh
lv pruh wkdq rqh orqj0uxq uhodwlrqvkls dprqjvw doo wkh sulfhv dqg txdqwlwlhv
lpsdfwlqj rq wkh vxsso| ri sljphdw1

Wkh QVZ Jryhuqphqw vxeplvvlrq dwwhpswhg wr lqyhvwljdwh zkhwkhu ru
qrw lpsruwv kdg d fdxvh dqg h�hfw uhodwlrqvkls zlwk grphvwlf sulfhv dqg
surgxfwlrq1 Lq dgglwlrq/ wkh DEDUH vxeplvvlrq uholhg rq vlpxodwlrqv zlwk
HPDED wr vkrz orqj0uxq sdwwhuqv lq vxsso| dqg ghpdqg lq wkh slj lqgxvwu|1
Zh h{whqg erwk dqdo|vhv e| exloglqj dprgho wkdw zloo doorz fdxvdo h�hfwv dqg
uhodwlrqvklsv ehwzhhq sulfhv dqg txdqwlwlhv wr eh h{dplqhg lq d wkhruhwlfdoo|
fruuhfw iudphzrun1
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Fkdswhu 8

Gdwdvhw xvhg lq wkh dqdo|vlv

Wkh dqdo|vlv xqghuwdnhq lq wklv uhsruw grhv qrw h{soruh wkh g|qdplfv ri wkh
srvw 4<<:=43 pdunhw htxloleulxp dv ghod|v lq rewdlqlqj dq xsgdwhg gdwdvhw
suhyhqwhg d ixoo dqdo|vlv dqg wkh vkruw wlph shulrg vlqfh 4<<:=43 phdqv wkdw
dffxudwh hvwlpdwlrq ri wkh gdwd jhqhudwlqj surfhvv lv gl!fxow wr dfklhyh1
Gdwd frqvwudlqwv kdyh phdqw wkdw wkh dqdo|vlv frxog qrw eh frqgxfwhg rq
gdwd zlwk d kljkhu iuhtxhqf| +l1h1 prqwko| ru zhhno|,1 Zkhuhdv zhhno| gdwd
h{lvw iru vdoh|dug sulfhv iru edfrqhuv/ dqg prqwko| gdwd h{lvw iru vdoh|dug
sulfhv iru fdwwoh/ zkrohvdoh sulfhv/ lpsruw sulfhv dqg yroxphv iru Fdqdgldq
sljphdw/ rqo| txduwhuo| gdwd h{lvw iru uhwdlo ehhi dqg edfrqhu sulfhv1 H{sruw
gdwd/ zkloh dydlodeoh/ duh qrw xvhg lq wkh dqdo|vlv1 Lw kdv suryhq lpsrvvleoh wr
rewdlq dffxudwh h{sruw gdwd/ dv wkhuh lv qr lqirupdwlrq rq h{sruwv ri iduphg
sljphdw dv rssrvhg wr ihudo sljphdw1 Sxeolvkhg gdwd vxjjhvwv wkdw h{sruwv
ri sljphdw lv txlwh plqru/ zlwk d udqjh ri 4894 wr 597 wrqqhv shu prqwk zlwk
dq dyhudjh ri 98: wrqqhv shu prqwk1 Zlwk vxfk d plqru h{sruw lqgxvwu| lw
lv xqolnho| wkdw h{sruwv zloo sod| dq lpsruwdqw uroh lq ghwhuplqlqj wkh gdwd
jhqhudwlqj surfhvv1 Uhjuhvvlrq hvwlpdwhv ri surgxfhu dqg zkrohvdoh sulfhv
wdnlqj lqwr frqvlghudwlrq h{sruwv +qrw uhsruwhg, vxjjhvw wkdw h{sruwv gr qrw
frqwulexwh vljql�fdqwo| wr fkdqjhv lq surgxfhu ru zkrohvdoh sulfhv1

Wkh dqdo|vlv zklfk iroorzv grhv h{soruh wkh g|qdplfv ri wkh srvw 4<;<=7
pdunhw htxloleulxp1 Wkhuh lv wkh lvvxh ri zkdw lv wkh pruh dssursuldwh ohyho
ri djjuhjdwlrq rq zklfk wr frqgxfw wkh dqdo|vlv1 Erwk wkh 4<<8 DEDUH ^4`
dqg wkh QVZ Jryhuqphqw vxeplvvlrq ^78` wr wkh 4<<8 Lqgxvwu| Frpplvvlrq
Lqtxlu| ^86` xvhg kljko| djjuhjdwhg gdwd 0 uhwdlo sulfhv ri ehhi dqg uhwdlo
sulfhv ri srun 0 lq wkhlu dqdo|vlv/ zkloh dgplwwlqj wkdw d pruh dssursuldwh
ohyho ri djjuhjdwlrq zrxog eh dw wkh ohyho ri gluhfw vxevwlwxwhv 0 iru h{dpsoh
zkrohvdoh dqg uhwdlo sulfhv ri srun ohjv ru kdpv1 Dq| vwxg| ri wkh h�hfw
ri lpsruwv rq djjuhjdwh sljphdw sulfhv zloo eh reixvfdwhg e| wkh h{wudqhrxv
vxsso|0dqg0ghpdqg uhodwlrqvklsv ehwzhhq zhw phdw txdqwlwlhv dqg sulfhv dqg
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wkh orz0vxevwlwxwdelolw| ehwzhhq wkh hqg surgxfwv ri ohjv dqg plggohv xvhg
lq pdqxidfwxulqj phdw1

Lq frqvlghudwlrq ri wkhvh lvvxhv lw zrxog eh dssursuldwh wr lqfoxgh lq wkh
dqdo|vlv qrw rqo| zkrohvdoh dqg uhwdlo sulfhv ri srun ohjv exw dovr zkrohvdoh
dqg uhwdlo sulfhv ri rwkhu sljphdw surgxfwv 0 wr lqfrusrudwh wkh g|qdplfv ri
vxevwlwxwlrq1

Prqwko| dqg Txduwhuo| gdwd iru sulfhv4 dqg txdqwlwlhv zhuh froohfwhg1
Wkh gdwdvhw5 frpsulvhv ri

41 Vdoh|dug Sulfh iru Edfrqhuv E2f*&}� +VS, Dyhudjh ri guhvvhg zhljkw
vwrfn sulfhv zhljkwhg e| surgxfwlrq lq hdfk vwdwh ^5`/^;3`61

51 Vdoh|dug Sulfh iru Ehhi Fdwwoh E2f*&}� +VEI,1 Dyhudjh ri guhvvhg zhljkw
vwrfn sulfhv zhljkwhg e| surgxfwlrq lq hdfk vwdwh ^5`1

61 Txduwhuo| Vdoh|dug Sulfh iru Odpe E2f*&}� +VSO,1 Dyhudjh ri guhvvhg
zhljkw vwrfn sulfhv zhljkwhg e| surgxfwlrq lq hdfk vwdwh ^5`1

71 Uhwdlo Sulfh iru Ehhi E2f*&}� +UEI,1 Dfwxdo dyhudjh sulfh ri ehhi lq
Ghf0:6 lqgh{hg iruzdug e| ehhi vxejurxs lqgh{ ri wkh FSL ^5`1

81 Uhwdlo Sulfh iru Srun E2f*&}� +US,1 Dfwxdo dyhudjh sulfh ri srun lq Ghf0
:6 lqgh{hg iruzdug e| ehhi vxejurxs lqgh{ ri wkh FSL ^5`1

91 Uhwdlo Sulfh iru Srun Ohj E2f*&}� +USO,1 Dyhudjh dfurvv fdslwdo flwlhv
^;/ Vhulhv SV0<347`1

:1 Uhwdlo Sulfh iru Srun Orlq Fkrsv E2f*&}� +USOF,1 Dyhudjh dfurvv fds0
lwdo flwlhv ^;/ Vhulhv SV0<346`1

4Doo sulfhv duh txrwhg lq fhqwv shu nj +Dxvwudoldq grooduv, dqg sulfhv iru edfrqhuv duh
h{suhvvhg dv Krw Vwdqgdug Fdufdvh Zhljkw +KVFZ,1 Doo sulfhv duh lq qrplqdo whupv/ wkdw
lv/ qr doorzdqfh kdv ehhq pdgh iru lq dwlrq1 Wklv lv wr hqvxuh gluhfw frpsdudelolw| zlwk
suhylrxv vwxglhv ^4`/ ^78` xvlqj wkh vdph gdwdvhw1 E| wdnlqj lqwr dffrxqw qrq0vwdwlrqdulw|
lq wkh prghoolqj iudphzrun zh h{solflwo| fdwhu iru lq dwlrq h�hfwv zlwk wkh dgghg erqxv
ri qrw orvlqj ydoxdeoh lqirupdwlrq derxw wkh vkruw whup g|qdplfv ri wkh gdwd jhqhudwlqj
surfhvv1 Suh0�owhulqj ri wkh gdwd e| gh dwlqj zlwk d sulfh lqgh{ orvhv lqirupdwlrq derxw
wkh vkruw0uxq g|qdplfv ri wkh GJS1

5Wkh gdwdvhw yduldeohv duh ghqrwhg e| dsshqglqj T +txduwhuo|, dqg P +prqwko|,1
6Vlpsoh dyhudjh ri surgxfhu sulfhv e| vwdwh/ lqglfdwlyh rqo|1 Mdq0;7 wr Mxq0<: iurp

DEDUH/ Mxo0<: wr Pd|0<; iurp Txhhqvodqg Srun Surgxfhuv Rujdqlvdwlrq1 Wkh whup
�Vdoh|dug sulfh� lv xvhg xvhg lqwhufkdqjhdeoh zlwk surgxfhu sulfhv 0 sljv duh vrog gluhfw
wr dedwwrluv udwkhu wkdq vrog yld d vdoh|dug 0 dv wklv lv frqvlvwhqw zlwk DEDUH dqg DEV
whuplqrorj|1
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;1 Txduwhuo| Uhwdlo Sulfh iru Odpe E2f*&}� +USTO,1 Dyhudjh dfurvv fdslwdo
flwlhv ^5`

<1 Txduwhuo| Uhwdlo Sulfh iru Fklfnhq E2f*&}� +USTF,1 Dyhudjh dfurvv fds0
lwdo flwlhv ^5`

431 V|gqh| pdunhw zkrohvdoh sulfh srun ohj vtxduh fxw +erqh0lq, E2f*&}�
+ZS,^::`

441 Lpsruwv ri Iuhvk/ Iur}hq Sljphdw iurp Fdqdgd E&}� +FDPY, ^;/ Vhulhv
SV043343`1

451 Lpsruw Sulfhv iru Sljphdw iurp Fdqdgd E2f*&}� +FDPS, Xqlw ydoxh ^;/
Vhulhv SV043343`1

461 Grphvwlf Surgxfwlrq ri Sljphdw E&}� +SSG, ^7/ Wdeoh :54805`1

471 Shu fdslwd frqvxpswlrq ri sljphdw E&}� +FRQV, ^7/ Wdeoh :54805`

481 Hvwlpdwhg Uhvlghqw Srsxodwlrq E�J�� +SRS, ^7/ Wdeoh 643414`

Wkh gdwdvhw lv suhvhqwhg lq judsklfdo irup lq Iljxuhv 814 wr 8191
Wkh txduwhuo| vdoh|dug sulfh iru edfrqhuv h{klelwv zkdw dsshduv wr eh

d vljql�fdqw vhdvrqdo sdwwhuq1 Lq 4<<3 wkh Ihghudo Jryhuqphqw ghflghg wr
doorz lpsruwv ri sljphdw iurp Fdqdgd1 Rq hlwkhu vlgh ri wklv srlqw wkhuh
dsshduv wr eh d voljkw gl�huhqfh lq wkh orqj0whup wuhqg olqh1 Sulru wr 4<<3 wkh
vdoh|dug sulfh ri edfrqhuv orqj0whup wuhqg vhhpv wr eh lqfuhdvlqj dw d juhdwhu
udwh wkdq wkh wuhqg srvw 4<<31 Ixuwkhu/ dqg pruh vljql�fdqwo| wkh yduldelolw|
durxqg wkh orqj0whup wuhqg vhhpv wr eh juhdwhu lq wkh srvw 4<<3 shulrg wkdq
ehiruh1 Wkh shulrg ehwzhhq odwh 4<<9 wr hduo| 4<<; vkrzv h{wuhph vzlqjv lq
sulfh wkdw lv xqsuhfhghqwhg ryhu wkh klvwrulfdo shulrg1

Zkloh surgxfhu sulfhv kdyh h{shulhqfhg lqfuhdvhg yrodwlolw| ryhu wkh sh0
ulrg xqghu dqdo|vlv/ uhwdlo sulfhv uhpdlq uhodwlyho| xqd�hfwhg1 Wkhuh gr qrw
dsshdu wr eh dq| vhdvrqdo h�hfwv lq xhqflqj uhwdlo sulfhv ri ehhi dqg srun/
dqg rqo| voljkw vhdvrqdo h�hfwv iru uhwdlo sulfhv ri srun orlq fkrsv1 Wkhuh gr
dsshdu wr eh vrph vhdvrqdo h�hfwv dw zrun iru wkh uhwdlo sulfh vhulhv iru srun
ohj dqg odpe/ exw lw lv xqfohdu zkhwkhu wklv lv d vwdwlvwlfdoo| vljql�fdqw hi0
ihfw1 Iru doo uhwdlo sulfhv h{fhsw fklfnhq wkh orqj0whup wuhqg lv iru lqfuhdvlqj
sulfhv/ lq frqwudvw wr wkh doprvw  dw +lq qrplqdo whupv, wuhqg iru vdoh|dug
sulfhv iru edfrqhuv1

Surgxfwlrq ri sljphdw h{klelwv d kljko| vhdvrqdo xszdug wuhqg1 Wkhuh
dsshdu wr eh wzr vljql�fdqw vkrfnv wr wkh vhulhv1 Wkh �uvw vkrfn zklfk
gudvwlfdoo| gursshg surgxfwlrq/ zdv durxqg 4<:60:7/ fruuhvsrqglqj wr wkh
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Iljxuh 814= Dxvwudoldq surgxfhu/ uhwdlo/ dqg lpsruw sulfhv iru sljphdw
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Iljxuh 815= Prqwko| vdoh|dug sulfhv iru olyhvwrfn
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Iljxuh 816= Uhwdlo dqg zkrohvdoh sulfhv iru phdw
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Iljxuh 817= Uhwdlo sulfhv iru Srun Ohj dqg Srun Orlq Fkrsv

67



Iljxuh 818= Grphvwlf surgxfwlrq dqg lpsruwv ri sljphdw
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Iljxuh 819= Prqwko| hvwlpdwhg uhvlghqw srsxodwlrq dqg shu fdslwd frqvxps0
wlrq ri sljphdw
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Wdeoh 814= Fruuhodwlrq Pdwul{
FDPST FDPYT SSGT UEIT UST USTF USTO

FDPST ��fffff
FDPYT f�2b2DS ��fffff
SSGT 3f�D2SDf 3f���e2f ��fffff
UEIT 3f�DS2He 3f�D2�.f f�2beb� ��fffff
UST f�eDSDf f�Hf.Hb 3f�Sf��2 3f�e�e.H ��fffff
USTF f�2�..H f�H�2bS 3f�De�e. 3f�e��DH f�b�b2b ��fffff
USTO f��S�.2 f�Db�DS 3f�e�.e2 3f��f��H f�.Hee2 f�HeS2� ��fffff
VEIT 3f�2ff�S 3f�.�f2S f�eSSbf f��HHHS 3f�H.efD 3f�H.eD2 3f�H�fS.
VST f���HD2 f�eDHSe 3f�SSHHe 3f��.�.S f�DSef� f�Dbbb. f�De�eD
VSTO f��2�.2 f�eSf.b 3f�2S2�b 3f�2�S2� f�S2��2 f�.�DSf f�b��be
ZSTS f��HbfD f��.bf. 3f�eDeD� 3f�D2��b f���f�� f�2bHHe f�f��f�

VEIT VST VSTO ZSTS
VEIT ��fffff
VST 3f�D.Sf� ��fffff
VSTO 3f�Se.be f��D2.� ��fffff
ZSTS 3f�f.2HS f�S.�22 3f�fD�fS ��fffff

rlo0sulfh vkrfn dqg wkh vxevhtxhqw froodsvh ri frpprglw| pdunhwv1 Wkhuh
dovr dsshduv wr eh dqrwkhu vkrfn wr surgxfwlrq/ durxqg 4<<80<9 zklfk dovr
gursshg surgxfwlrq ohyhov1 Vlqfh wklv lv dw wkh hqg ri wkh gdwd vhulhv lw lv
xqfohdu zkhwkhu wklv lv d vkruw whup ghyldwlrq iurp wkh orqj uxq wuhqg/ ru
zkhwkhu wkhuh lv d vwuxfwxudo euhdn1

Lpsruw yroxphv dqg sulfhv vkrz d vhdvrqdo h�hfw exw wklv lv qrw dv uhjxodu
dv grphvwlf sulfhv ru surgxfwlrq vhulhv1 Wkh orqj0whup wuhqgv iru erwk dsshdu
wr eh udwkhu  dw1 Lpsruw yroxphv vwduw wr ulvh iurp durxqg Pdufk 4<<91 Wklv
fruuhvsrqgv wr dq htxlydohqw ulvh lq wkh vdoh|dug sulfh iru edfrqhuv dqg d
gurs lq grphvwlf surgxfwlrq/ dowkrxjk lw dsshduv wkdw wkh gurs lq grphvwlf
surgxfwlrq rffxuuhg �uvw1

Vdoh|dug sulfhv iru ehhi fdwwoh dovr vkrz vhdvrqdo h�hfwv zlwk dq xszdug
wuhqglqj sulfh ryhu wlph xs wr Mxqh 4<<71 Wkh shulrg srvw Mxqh 4<<7 vkrzv
sulfhv fudvklqj wr klvwrulfdo orzv ryhu wkh gdwdvhw shulrg1

Wr jlyh dq lghd ri wkh vwuhqjwk ri wkh uhodwlrqvkls ehwzhhq wkh yduldeohv
lq wkh gdwdvhw wkh fruuhodwlrq pdwul{ lv frpsxwhg dqg suhvhqwhg lq Wdeoh 8141

Wkh uhvxowv vxjjhvw wkdw lpsruw sulfhv kdyh d orz fruuhodwlrq zlwk sulfhv
dqg surgxfwlrq exw lpsruw yroxphv kdyh d kljk fruuhodwlrq zlwk wkh uhwdlo
sulfh ri srun/ wkh vdoh|dug sulfh ri fdwwoh dqg wkh uhwdlo sulfh ri fklfnhq1 Wkh
zkrohvdoh sulfh kdv d orz fruuhodwlrq zlwk wkh rwkhu sulfhv dqg surgxfwlrq
dqg wkh uhwdlo sulfh ri srun kdv d orz fruuhodwlrq zlwk vdoh|dug sulfh iru
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edfrqhuv1
Hyhq wkrxjk h{sorudwru| dqdo|vlv lv xvhixo lq lghqwli|lqj lqwhuhvwlqj ihd0

wxuhv ri wkh wlph vhulhv/ vlqfh wkh wlph vhulhv lv mxvw d udqgrp vdpsoh iurp
wkh xqghuo|lqj srsxodwlrq/ lw lv xqfhuwdlq zkhwkhu ru qrw d ihdwxuh lv sduw
ri wkh xqghuo|lqj hfrqrplf uhodwlrqvkls/ ru mxvw dq duwhidfw ri wkh vdpsoh
gdwdvhw1 Vwdwlvwlfdo lqihuhqfh/ dqg lwv hfrqrphwulf h{whqvlrqv/ qhhgv wr eh
xvhg lq rughu wr whvw uljrurxvo| zkhwkhu ru qrw d shufhlyhg uhodwlrqvkls lv
dfwxdoo| vljql�fdqw1 Lq wkh iroorzlqj fkdswhuv zh suhvhqw d iudphzrun wkdw
vxemhfwv wkh gdwd wr uljrurxv vflhqwl�f dqdo|vlv lq rughu wr suryh/ ru glvsuryh/
rxu lqlwldo revhuydwlrqv1
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Fkdswhu 9

Qrq0vwdwlrqdulw| dqg
vhdvrqdolw| lq wkh Dxvwudoldq
slj lqgxvwu|

914 Lqwurgxfwlrq
Dq lpsruwdqw uhvxow ri wkh qhz hfrqrphwulf phwkrgrorj|/ dv glvwlqfw iurp wkh
pruh wudglwlrqdo �Frzohv Frpplvvlrq� dssurdfk/ lv wkh �qglqj wkdw pdq|
hfrqrplf yduldeohv duh fkdqjlqj ryhu wlph dqg wkdw wudglwlrqdo uhjuhvvlrq
whfkqltxhv dvvxph wkdw wkh| duh qrw1 D vlpsoh h{dpsoh ri wklv lv wkh lq d0
wlrqdu| h�hfw rq sulfhv1 Wkh frqvhtxhqfh ri qhjohfwlqj wr wdnh lqwr dffrxqw
wkh qrq0vwdwlrqdulw| ri yduldeohv lv wkdw d vljql�fdqw uhodwlrqvkls pd| eh glv0
fryhuhg ehwzhhq yduldeohv zklfk lv lq idfw vsxulrxv1 Wklv fkdswhu uhylhzv
wkh uhohydqw hfrqrphwulf wkhru| ehklqg whvwlqj iru vwdwlrqdulw|1 Lw exlogv
iurp wkh vshfl�f fdvh ri qrq0vhdvrqdo gdwd wr wkh fdvh ri vhdvrqdo gdwd dqg
wkhq h{dplqhv whvwlqj iru vwdwlrqdulw| lq wkh suhvhqfh ri d vwuxfwxudo vkliw1
Ilqdoo|/ wklv fkdswhu sxwv doo wkh wkhru| lqwr d frkhuhqw iudphzrun iru vlpxo0
wdqhrxv whvwlqj ri vhdvrqdoo| lqwhjudwhg/ qrq0vwdwlrqdu| gdwd lq wkh suhvhqfh
ri d vwuxfwxudo vkliw1

915 Gdwd wudqvirupdwlrqv
Judqjhu dqg Qhzerog ^76` vxjjhvw wkdw wzr edvlf gl�huhqfhv ehwzhhq wkh
Jhqhudo wr Vshfl�f dssurdfk h{srxqghg e| Gdylgvrq/ Khqgu|/ Vued dqg \hr
+GKV\,^5<` dqg wudglwlrqdo hfrqrphwulfv duh wkh ghwhuplqdwlrq ri wkh odj
vwuxfwxuh ri wkh prgho dqg wkh kdqgolqj ri wkh uhvlgxdov1 Lq dq dwwhpsw wr
fdswxuh wkh wlph vhulhv g|qdplfv GKV\ prghov w|slfdoo| frqwdlq pruh odjv1
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Lq wkh wudglwlrqdo dssurdfk uhvlgxdo whupv duh wuhdwhg dv fdvxdo �dgg0rqv� wr
htxdwlrqv wr dffrxqw iru vxfk wklqjv dv prgho plv0vshfl�fdwlrq dqg yduldeoh
phdvxuhphqw huuru1 Wkh wudglwlrqdo dssurdfk kdv ehhq wr dvvxph wkdw wkh
uhvlgxdov duh zklwh qrlvh +qr vhuldo fruuhodwlrq/ ru gxh rqo| wr udqgrp huuru,
dqg wr fkhfn wklv dvvxpswlrq zlwk uhihuhqfh wr wkh Gxuelq0Zdwvrq _ vwdwlvwlf/
zklfk h�hfwlyho| phdvxuhv wkh �uvw0rughu vhuldo fruuhodwlrq ri wkh uhvlgxdov1
Li hylghqfh ri vljql�fdqw �uvw rughu vhuldo fruuhodwlrq lv irxqg/ wkh uhvlgxdov
duh dvvxphg wr eh �uvw rughu dxwruhjuhvvlyh ^75`1

Li wkh yduldeohv duh udqgrp zdonv ru dxwruhjuhvvlyh lqwhjudwhg prylqj
dyhudjh +DULPD, surfhvvhv wkhq vsxulrxv uhodwlrqvklsv zloo riwhq eh irxqg
e| dgrswlqj wkh fodvvlfdo hvwlpdwlrq surfhgxuhv1 D phwkrg wkdw lv iuhtxhqwo|
xvhg e| hfrqrphwulfldqv wr uhgxfh wkh sureohp ri vhuldo fruuhodwlrq lv wr
wdnh wkh �uvw gl�huhqfh lq wkh gdwd1 Erwk �uvw gl�huhqflqj dqg vhdvrqdo
dgmxvwphqw duh vwhsv wrzdug suhzklwhqlqj wkh gdwd/ wkdw lv/ surgxflqj d
vhulhv kdylqj d jhqhudoo|  dwwhu vshfwuxp wkdq wkh ruljlqdo ^76`1

Li wkh gdwd duh lqlwldoo| lq zkdw lv whuphg d �udz gdwd lq ohyhov� vwdwh/
wkdw lv/ wkh| duh qrw h{suhvvhg lq d qdwxudo orjdulwkp irup/ wudqviruplqj
wkh udz gdwd lqwr orjjhg gdwd ehiruh dqdo|vlv kdv ehhq vkrzq wr eh mxvwl�hg
rq wkh jurxqgv ri vwdwlvwlfdo dqg hfrqrplf wkhru| ^4<`/ ^6:`/ ^76`/ ^;6`1 Prvw
djulfxowxudo frpprglwlhv h{klelw vhdvrqdolw|/ d Free0Grxjodv0olnh qrqolqhdu
surgxfwlrq ixqfwlrq/ dqg qrq0frqvwdqw yduldqfh ghshqghqw rq lwv ohyho41 Wkh
orjjlqj ri wkh gdwd ryhufrphv khwhurvfhgdvwlflw| +qrq0frqvwdqw yduldqfh, ri
gdwd lq ohyho irup ^5:` dqg wudqvirupv qrqolqhdu uhodwlrqvklsv lqwr olqhdu
uhodwlrqvklsv1 Pruhryhu/ gl�huhqflqj gdwd hqdeohv wuhqg dqg vhdvrqdo h�hfwv
wr eh prghoohg zlwkrxw wkh fruuhvsrqglqj orvv lq ghjuhhv ri iuhhgrp zklfk
rffxuv zkhq wlph wuhqgv dqg vhdvrqdo gxpplhv duh xvhg ^4<`51

4Wkdw lv/ wkh xqwudqviruphg gdwd srlqw ri d vhulhv1
5Wkhuh lv d surfhgxuh iru whvwlqj wkh dssursuldwhqhvv ri d orj wudqvirupdwlrq1 D vwd0

wlrqdu| R|� rughu dxwruhjuhvvlyh surfhvv zlwk qrupdoo| glvwulexwhg zklwh qrlvh lqqrydwlrqv

E�3XE�R�� Ef| 3 >f� ' "| +914,

lv �wwhg wr wkh gdwd lq erwk ohyhov dqg orjjhg irup dqg wkh orj olnholkrrg ydoxhv frpsduhg1
Wkh wudqvirupdwlrq zlwk wkh kljkhvw orj olnholkrrg udwlr lv fkrvhq dv wkh pruh dssursuldwh
wudqvirupdwlrq1 Wklv lv d vrphzkdw flufxodu dujxphqw/ ehfdxvh wkh ghwhuplqdwlrq ri
d vwdwlrqdu| surfhvv dqg wkh dssursuldwh wudqvirupdwlrq ri wkh yduldeoh duh olqnhg1 Rq
edodqfh/ wkh olwhudwxuh vxjjhvwv wkdw orj0wudqviruplqj wkh gdwd lv d pruh dssursuldwh dfwlrq
wr wdnh wkdq xqghuwdnlqj vwdwlrqdulw| dqg frlqwhjudwlrq dqdo|vlv rq wkh ohyhov irup1
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916 Qrq0vwdwlrqdulw| dqg xqlw urrwv
Rqfh wkh yduldeohv duh orj0wudqviruphg wkh| qhhg wr eh whvwhg iru vwdwlrqdulw|1
D vwdwlrqdu| yduldeoh lv zkhuh wkh phdq/ yduldqfh dqg fryduldqfh gr qrw
fkdqjh ryhu wlph1

D vwrfkdvwlf surfhvv tf|� lv vdlg wr eh fryduldqfh vwdwlrqdu| li=
+4, . Ef|� @ frqvwdqw@>>
+5, T @o Ef|� @ frqvwdqw @j2> dqg
+6, �J� Ef|cf|n�� @ j�

Li rqh ru pruh ri wkh frqglwlrqv deryh lv ylrodwhg wkhq wkh vhulhv lv vdlg wr
eh qrqvwdwlrqdu|1 Qrqvwdwlrqdulw| lq wlph vhulhv/ zkhuh wkh phdq/ yduldqfh
dqg fryduldqfh ri wkh vhulhv fkdqjh ryhu wlph/ fdq ohdg wr vsxulrxv fruuhodwlrq
dqg uhjuhvvlrq uhvxowv ehfdxvh whvwv ri vljql�fdqfh lqglfdwh d uhodwlrqvkls
zkhq lq idfw qrqh h{lvw1

Vlqfh uhjuhvvlrq dqdo|vlv pdnhv vhqvh rqo| iru gdwd zklfk duh qrw vxemhfw
wr d wuhqg lq wkh phdq/ yduldqfh dqg fryduldqfh/ dqg doprvw doo hfrqrplf
gdwd vhulhv frqwdlqv wuhqgv/ lw iroorzv wkdw wkhvh vhulhv kdyh wr eh ghwuhqghg
ehiruh dq| vhqvleoh uhjuhvvlrq dqdo|vlv fdq eh shuiruphg ^4<`1

D frqyhqlhqw zd| wr uhpryh d wuhqg lq d wlph vhulhv lv wr �uvw0gl�huhqfh
wkh gdwd= {+| ' +| 3 +|3�1 Krzhyhu lw pd| eh qhfhvvdu| wr gl�huhqfh wkh
gdwd pruh wkdq rqfh wr dfklhyh vwdwlrqdulw|1 Wkh frqfhsw ri Lqwhjudwlrq ^6:`
gh�qhv d qrqvwdwlrqdu| vhulhv wkdw fdq eh wudqviruphg wr d vwdwlrqdu| vhulhv
e| gl�huhqflqj _ wlphv dv ehlqj lqwhjudwhg ri rughu _ G +| 8 UE_�1 Wkxv/
iru h{dpsoh/ li +| 8 UE2�/ wkhq wr dfklhyh vwdwlrqdulw|= {{+| ' {2+| '
E+| 3 +|3��3 E+|3� 3 +|32� 8 UEf�

Wr whvw iru wkh rughu ri lqwhjudwlrq wkh Dxjphqwhg Glfnh|0Ixoohu +DGI,
whvw ^66` fdq eh xvhg zklfk whvwv wkh k|srwkhvlv wkdw/ lq wkh DU+s, htxdwlrq

+| '

R-
�'�

4+|3� n 0| +915,

4 	 � dqg wkxv +| 8 UEf�1 Wkh DGI whvw uhjuhvvhv wkh htxdwlrq=

+| ' kf n k�A n 4+|3� n

R3�-
�'�

q�{+|3� n �| +916,

iru d vx!flhqw qxpehu ri odjv +R, xqwlo wkh uhvlgxdov ehfrph zklwh qrlvh/ dqg
vlpxowdqhrxvo| wkh Dndlnh Lqirupdwlrq Fulwhulrq +DLF, ^8` =

�U� ERc ^� ' *? 	j2 n
2 ERn &�

?
+917,
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jlyhv d plqlpxp ydoxh61 Wkh uhvlgxdov fdq eh whvwhg iru zklwh qrlvh/ ru qrq
vhuldo fruuhodwlrq/ zlwk wkh Omxqj0Er{ T vwdwlvwlf=

' ' ? E? n 2�

R-
�'�

o2�
E?3 ��

8 �2
R +919,

zkhuh o� lv wkh �|� dxwrfruuhodwlrq frh!flhqw xqghu MJ G . E0�c0�� ' f � �' �
+wkh uhvlgxdov duh zklwh qrlvh,1

Zkhq wkh uhvlgxdov duh zklwh qrlvh dqg wkh DLF lv dw lwv plqlpxp/ dq
h{dplqdwlrq ri wkh Vwxghqw0w udwlr iru 4 +Mf G 4 ' �/ qrqvwdwlrqdu|> M� G 4 	
�/ vwdwlrqdu|, xvlqj wkh fulwlfdo 	� q� ydoxhv lq Glfnh| dqg Ixoohu ^66/ s1 4395/
Wdeoh LLL` ghwhuplqhv zkhwkhu ru qrw wkh vhulhv lv vwdwlrqdu|1

Wkhuh lv d srwhqwldo sureohp zlwk UE_� vhulhv zkhuh _ : �� Wkh Vdlg0
Glfnh| dssurdfk ^;4` surylghv d surfhgxuh iru DUPD surfhvvhv zkhuh wkh
GJS lv ri wkh irup

{+| ' kf n k�A n E43 �� +|3� n
&-

�'�

q�{+|3� n �| +91:,

ru pruh jhqhudoo|

{_+| ' kf n k�A n E43 ��{_3�+|3� n
&-

�'�

q�{
_+|3� n �| +91;,

zkhuh {_+| ' {+| 3 {+|3� 3 ��� 3 {+|3_1 Li wkh vhulhv lv vwdwlrqdu| iru
{_+| wkhq +| 8 UE_�� Wkh sureohp olhv lq wkh vshfl�fdwlrq ri wkh qxoo dqg
dowhuqdwlyh k|srwkhvhv1 Wkh dowhuqdwlyh k|srwkhvlv lv wkdw M� G 4 	 �/ wkh
vhulhv lv vwdwlrqdu|/ +| 8 UEf�/ zklfk fohduo| lv qrw wkh fdvh li zh uhmhfw wkh
qxoo k|srwkhvlv wkdw +| 8 UE_�1 Glfnh| dqg Sdqwxod ^68` wdnh d vhtxhqwldo
dssurdfk wr whvwlqj= Mf G 4 ' �/ +| 8 UE_� yhuvxv M� G 4 	 �/ +| � UE_�c dqg
ghfuhdvh wkh rughu ri gl�huhqflqj hdfk wlph wkh qxoo k|srwkhvlv lv uhmhfwhg71

6Wklv yhuvlrq ri wkh DLF lv wdnhq iurp Mxgjh hw do1 ^8:/ s1 :5;` zklfk lv voljkwo|
gl�huhqw exw dqdorjrxv wr rwkhu yhuvlrqv olnh/ iru lqvwdqfh/

�U� '
32 u *?u E�� n 2 u &

A
+918,

zkhuh *?u E�� lv wkh ydoxh ri wkh orjolnholkrrg ixqfwlrq ri wkh hvwlpdwhg prgho ^53/ s1 584`
dqg & lv wkh qxpehu ri sdudphwhuv hvwlpdwhg1

7Wkhuh lv dq lpsruwdqw srlqw wr pdnh derxw wkh vshfl�fdwlrq ri wkh qxoo dqg dowhuqdwlyh
k|srwkhvlv1 Wkh qxoo k|srwkhvlv lv wkdw wkhuh lv qr fkdqjh iurp wkh vwdwxv txr/ ru qr
fkdqjh iurp wkh suhylrxv srvlwlrq1 Wkh dowhuqdwlyh k|srwkhvlv lv wkdw wkhuh kdv ehhq d
fkdqjh iurp wkh suhylrxv srvlwlrq1 Lqihuhqwldo vwdwlvwlfv lv edvhg rq wkh frqfhsw ri udqgrp
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917 Lqfrusrudwlqj vhdvrqdolw| h�hfwv lqwr qrq0
vwdwlrqdu| wlph vhulhv

Whvwlqj iru xqlw urrwv +qrq0vwdwlrqdulw|, ehfrphv pruh frpsolfdwhg zkhq
ghdolqj zlwk gdwd vxemhfwhg wr vhdvrqdo  xfwxdwlrqv1 Vhdvrqdolw| fdq suhvhqw
lwvhoi lq wzr irupv/ ghwhuplqlvwlf vhdvrqdolw| 0 prghoohg e| wkh lqfoxvlrq ri
vhdvrqdo gxpplhv dqg vwrfkdvwlf vhdvrqdolw| 0 prghoohg e| vhdvrqdo gl�hu0
hqfhv1

Gh�qlwlrq 4 D qrqvwdwlrqdu| vhulhv lv +| 8 7UrE_c(� li vhdvrqdo gl�huhqfhv
ri ( wlphv dqg wkhq �uvw gl�huhqfhv ri _ wlphv lv uhtxluhg wr pdnh wkh vhulhv
vwdwlrqdu| 0 +| 8 7UrEfc f�

8 ^53/ s1 <;`1

Wkh KHJ\ whvw/ sursrvhg e| K|oohehuj/ Hqjoh/ Judqjhu dqg \rr ^84`/
doorzv vhdvrqdo g|qdplfv wr eh fdswxuhg1 Wkh KHJ\ whvw iru txduwhuo| gdwd/
zlwk d frqvwdqw whup9/ ghwhuplqlvwlf vhdvrqdolw| dqg dxjphqwdwlrq olnh wkdw
iru wkh DGI whvw/ lv

{e+| ' Zf n
e-

�'�

Z�t�c|3� n
e-

�'�

K�'
�
| n

&-
�'�

B� u{e+|3� n 0| +91<,

zkhuh {e lv wkh rughu ri vhdvrqdo gl�huhqflqj E{r�/ '�
| ghqrwh vhdvrqdo

gxpp| yduldeohv/ wkh t�c| duh frqvwuxfwhg iurp

t�c| ' +| n +|3� n +|32 n +|3� +9143,

vdpsohv ehlqj gudzq iurp d srsxodwlrq dqg/ rq wkh edvlv ri wkrvh vdpsohv/ vrph lqihuhqfh
ehlqj gudzq derxw wkh srsxodwlrq1 Vlqfh wkh ydoxh ri wkh vdpsoh vwdwlvwlf/ ru hvwlpdwh
ri wkh srsxodwlrq sdudphwhu/ +h1j1 wkh vdpsoh phdq ru yduldqfh, frxog eh gxh wr fkdqfh
+vlqfh zh duh gudzlqj udqgrp vdpsohv iurp wkh srsxodwlrq, zh fdq qhyhu dffhsw wkh qxoo
k|srwkhvlv/ wkdw wkhuh kdv qrw ehhq d fkdqjh iurp wkh ruljlqdo srvlwlrq1 Zh fdq uhmhfw wkh
qxoo k|srwkhvlv/ zlwk vrph ghjuhh ri fhuwdlqw| fdoohg wkh vljql�fdqfh ohyho/ exw wkh ehvw zh
fdq gr derxw wkh qxoo k|srwkhvlv lv wr vwdwh wkdw �wkhuh lv lqvx!flhqw hylghqfh wr uhmhfw wkh
qxoo k|srwkhvlv�1 Ixuwkhu/ uhmhfwlrq ri wkh qxoo k|srwkhvlv grhv qrw dxwrpdwlfdoo| phdq
wkh dffhswdqfh ri wkh dowhuqdwlyh k|srwkhvlv hlwkhu1
D sudfwlfdo h{dpsoh lv d sdggrfn ixoo ri zklwh vkhhs +d vdpsoh ri wkh hqwluh srsxodwlrq

ri vkhhs,1 Zh fdqqrw frqfoxgh wkdw doo vkhhs duh zklwh +wkh qxoo k|srwkhvlv, vlqfh wklv
grhv qrw doorz iru wkh h{lvwhqfh ri eodfn vkhhs1 Krzhyhu/ li wkhuh lv rqh eodfn vkhhs lq wkh
sdggrfn zh fdq uhmhfw wkh qxoo k|srwkhvlv zlwk fhuwdlqw|1 Uhmhfwlrq ri wkh qxoo/ krzhyhu/
grhv qrw dxwrpdwlfdoo| phdq wkdw zh dffhsw wkh dowhuqdwlyh +wkdw eodfn vkhhs dovr h{lvw,
vlqfh wklv suhfoxghv wkh h{lvwhqfh ri/ iru h{dpsoh/ juhhq vkhhs1

8Lq prvw fdvhv/ zkhuh wkh vhdvrqdolw| lv dgglwlyh/ vhdvrqdo gl�huhqflqj dorqh lv doo wkdw
lv uhtxluhg wr dfklhyh vwdwlrqdulw| hyhq li +| 8 7Ur E�c �� � Lq wkh fdvh zkhuh vhdvrqdolw| lv
pxowlsolfdwlyh/ ru wkh wuhqg lv qrq0olqhdu/ �uvw gl�huhqfhv pd| dovr eh uhtxluhg

9Vhdvrqdo gl�huhqflqj uhpryhv wkh wuhqg frpsrqhqw/ exw zkhq wkh wuhqg lv qrq0olqhdu
wkh vhulhv pd| qhhg wr eh gl�huhqfhg wzlfh wr dfklhyh vwdwlrqdulw|1
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t2c| ' 3+| n +|3� 3 +|32 n +|3� +9144,

t�c| ' 3+| n +|32 +9145,

tec| ' 3+|3� n +|3� +9146,

dqg wkh Z�*v kdyh wkh iroorzlqj lqwhusuhwdwlrq ^53/ ss1 43;043<`=

Z� ' f d xqlw urrw dw }hur iuhtxhqf|

Z2 ' f d xqlw urrw dw vhpl0dqqxdo iuhtxhqf|

Z� ' Ze ' f d xqlw urrw dw dqqxdo iuhtxhqf|

Wkh KHJ\ whvw kdv ehhq vkrzq ^9;` wr eh dv|pswrwlfdoo| htxlydohqw wr
wkh Glfnh|/ Kdv}d dqg Ixoohu ^67`/^9:` whvw +GKI,/ zklfk lv pxfk vlpsohu wr
lpsohphqw dqg kdv uhdglo| dydlodeoh fulwlfdo ydoxhv iru prqwko| dv zhoo dv
txduwhuo| gdwd1 Wkh whvw hvwlpdwhv wkh htxdwlrq

{r+| ' kf n B u 5|3r n
&-

�'�

B� u{r+|3� n 0| +9147,

zkhuh 5|3r lv frqvwuxfwhg: iurp wkh htxdwlrq

5| ' +| 3
�-

�'�

	b� u +|3� +9148,

zkhuh 	b� '
`
	b�c 	b2c ���c 	b�

�
iurp wkh hvwlpdwhg htxdwlrq

{r+| '
�-

�'�

b� u{r+|3� n 1| +9149,

Djdlq/ olnh wkh DGI whvw/ wkh fkrlfh ri � dqg & lv ghwhuplqhg e| d plq0
lpxp ydoxh iru wkh DLF dqg vlpxowdqhrxv zklwh qrlvh uhvlgxdov1 Li wkh qxoo
k|srwkhvlv ri d xqlw urrw EMf G B D f� lv uhmhfwhg wkhq wkhuh lv qr vwrfkdvwlf
vhdvrqdolw|/ ru qrqh wkdw fdq eh uhpryhg e| vhdvrqdo gl�huhqflqj1 Li wkh
qxoo k|srwkhvlv lv qrw uhmhfwhg wkhq zh fdqqrw frqfoxgh wkdw wkhuh grhv qrw
h{lvw vwrfkdvwlf vhdvrqdolw| zklfk fdq eh uhpryhg e| vhdvrqdo gl�huhqflqj1
Lw lv wkh jhqhudo fdvh wkdw hfrqrplf vhulhv duh hlwkhu 7Ur Efc f� c 7Ur Efc �� c ru
7Ur E_c �� 0 wkdw lv/ 7Ur E_c(� c zkhuh ( D 2/ lv qrw h{shfwhg1

Diwhu wkh rughu ri vhdvrqdo lqwhjudwlrq lv ghwhuplqhg wkh rughu ri qrq0
vhdvrqdo lqwhjudwlrq qhhgv wr eh frqvlghuhg1 Lq wklv vlwxdwlrq d qhz whvw lv

:Frqvwuxfwhg/ qrw hvwlpdwhg1
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frqvwuxfwhg> Mf G B D fc +| 8 7Ur E�c �� c yhuvxv M� G B 	 fc +| 8 7Ur Efc ��
zlwk wkh hvwlpdwhg htxdwlrq

{{r+| ' B u{r+|3� n
&-

�'�

B� u{{r+|3� n 0| +914:,

Li wkh qxoo k|srwkhvlv lq wklv fdvh lv qrw uhmhfwhg wkhq wkh whvw lv uhshdwhg
zlwk {2{r+| hwf1 Djdlq/ wkh rughu ri dxjphqwdwlrq qhhgv wr eh ghwhuplqhg
iurp wkh DLF dqg Omxqj0Er{ T Vwdwlvwlf1 Dsso|lqj wkh Glfnh| dqg Sdqwxod
^68` surfhgxuh phdqv wkdw wkh whvw

{2{r+| ' B u{{r+|3� n
&-

�'�

B� u{2{r+|3� n 0| +914;,

iru Mf G B D fc +| 8 7Ur E2c �� c M� G B 	 fc +| 8 7Ur E�c �� lv dssolhg �uvw dqg
wkhq wkh whvw

{{r+| ' B u{r+|3� n
&-

�'�

B� u{{r+|3� n 0| +914<,

iru Mf G B D fc +| 8 7Ur E�c �� c M� G B 	 fc +| 8 7Ur Efc �� lv fduulhg rxw1

918 Xqlw urrwv lq wkh suhvhqfh ri vwuxfwxudo
euhdnv

Vwuxfwxudo euhdnv lq wlph vhulhv fdq wdnh wkh irup ri hlwkhu d csxovh* E�|� ru
d cvkliw* E7|� zkhuh

�| '

�
� li | ' K
f rwkhuzlvh

+9153,

7| '

�
� li | D K
f rwkhuzlvh

+9154,

uhvshfwlyho| dqg K lv wkh wlph shulrg zkhuh wkh hyhqw rffxuv ^53/ s 449`1 Lq
d vwdwlrqdu| wlph vhulhv wkh sxovh h�hfw lv whpsrudu| dqg wkh vkliw h�hfw lv
shupdqhqw exw lq wkh fdvh ri dq U E�� vhulhv wkh sxovh h�hfw lv shupdqhqw;1
Wkh suhvhqfh ri vwuxfwxudo euhdnv lq srwhqwldoo| qrq0vwdwlrqdu| vhulhv kdv
ehhq vkrzq e| Shuurq ^9</ :3`/ dqg Shuurq dqg Yrjhovdqj ^:4` wr eldv wkh
GI dqg DGI whvwv wrzdugv qrq0uhmhfwlrq ri wkh xqlw urrw qxoo ehfdxvh ri d

;Dq h{dpsoh lv surylghg lq ^53/ ss1 449044:`1
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frqirxqglqj h�hfw ri d qrq0vwdwlrqdu| phdq zlwk wkh h�hfw ri d fkdqjh lq wkh
phdq gxh wr d vwuxfwxudo euhdn dw d nqrzq srlqw1 Shuurq vxjjhvwv d wzr0vwhs
surfhgxuh wr whvw iru wkh suhvhqfh ri d xqlw urrw lq d vhulhv zlwk d vkliw ru d
sxovh vwuxfwxudo euhdn1

Wkh �uvw vwhs lv wr hvwlpdwh wkh htxdwlrq

+| ' >n B7| n 0| +9155,

dqg rewdlq wkh uhvlgxdov zklfk kdyh ehhq vwulsshg ri dq| vkliw vwuxfwxudo
euhdn1 Wkh vhfrqg vwdjh lv wr hvwlpdwh wkh DGI dqdorjxh=

{e| ' /7| n kWe|3� n
&-

�'�

kW

� u{e|3� n D| +9156,

iru d vx!flhqw qxpehu ri odjv E&� xqwlo wkh DLF lv dw d plqlpxp dqg wkh
uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh odjjhg whupv duh h{dplqhg/
qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg dqg wkh uhgxfhg htxdwlrq lv
uh0hvwlpdwhg1 Dw wklv vwdjh kW lv h{dplqhg dqg frpsduhg zlwk wkh Shuurq
cdgglwlyh rxwolhu* fulwlfdo ydoxhv zlwk wkh b sdudphwhu ehlqj wkh sursruwlrq
ri wkh vkliw uhodwlyh wr wkh zkroh vdpsoh shulrg1 Wkh k|srwkhvhv duh=

Mf G kW D fc +| 8 U E��

M� G kW 	 fc +| 8 U Ef�

vr d uhmhfwlrq ri wkh qxoo k|srwkhvlv lqglfdwhv wkdw wkh vhulhv lv vwdwlrqdu|
zlwk d vkliw ixqfwlrq<1 Djdlq/ wkh Glfnh|0Sdqwxod surfhgxuh fdq eh dgrswhg
wr whvw iru kljkhu rughuv ri lqwhjudwlrq1

919 D iudphzrun iru whvwlqj vhdvrqdo lqwhjud0
wlrq lq wkh suhvhqfh ri d vwuxfwxudo euhdn

Wkh GKI whvw lqlwldoo| uhjuhvvhv wkh htxdwlrq

{r+| '
�-

�'�

b� u{r+|3� n 1| +9157,

<Wkh Shuurq *dgglwlyh rxwolhu* whvw dfwxdoo| whvwv lq wkh vhfrqg vwdjh iru wkh suhvhqfh ri
d sxovh vwuxfwxudo euhdn/ l1h1 wkh qxoo k|srwkhvlv lv wkdw wkh vhulhv iroorzv d qrq0vwdwlrqdu|
surfhvv zlwk d sxovh dqg wkh dowhuqdwlyh k|srwkhvlv lv wkdw wkh vhulhv iroorzv d vwdwlrqdu|
surfhvv zlwk d vkliw1 Mf G +| ' >n ��| n +|3� n 0| dqg M� G +| ' >n B7| n 0| ohdglqj wr
wkh DGI dqdorjxh ehlqj {e| ' /�| n kWe|3� n

 &

�'�{e|3� n D|1 Lq wklv sduwlfxodu fdvh
zh duh lqwhuhvwhg lq wkh qxoo k|srwkhvlv ehlqj wkdw wkh surfhvv lv qrq0vwdwlrqdu| zlwk d
vkliw vwuxfwxudo euhdn udwkhu wkdq d sxovh1
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iru d vx!flhqw qxpehu ri odjjhg whupv E�� xqwlo wkh DLF lv dw d plqlpxp
dqg wkh uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh odjjhg whupv duh
h{dplqhg/ qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg dqg wkh uhgxfhg
htxdwlrq lv uh0hvwlpdwhg1

Wkh hvwlpdwhg frh!flhqwv iurp wkh uhgxfhg htxdwlrq duh xvhg wr frqvwuxfw
wkh yduldeoh 5|

5| ' +| 3
�-

�'�

	b� u +|3� +9158,

zklfk lv wkhq xvhg lq wkh uhjuhvvlrq

{r+| ' kf n B u 5|3r n
&-

�'�

B� u{r+|3� n 0| +9159,

zkhuh wkh whupv {r+|3� duh odjjhg iru d vx!flhqw qxpehu E&� xqwlo wkh DLF
lv dw d plqlpxp dqg wkh uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh
odjjhg whupv duh h{dplqhg/ qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg
dqg wkh uhgxfhg htxdwlrq lv uh0hvwlpdwhg1

Dw wklv srlqw B lv h{dplqhg dqg wkh w0vwdwlvwlf lv frpsduhg zlwk wkh fulwlfdo
ydoxhv iru wkh GKI whvw zlwk lqwhufhsw1 Wkh k|srwkhvhv duh=

Mf G B D f wkh vhulhv lv vhdvrqdoo| lqwhjudwhg

M� G B 	 f wkh vhulhv lv qrw vhdvrqdoo| lqwhjudwhg

Li wkh qxoo k|srwkhvlv lv qrw uhmhfwhg wkhq zh fdqqrw frqfoxgh wkdw wkhuh
grhv qrw h{lvw vwrfkdvwlf vhdvrqdolw| zklfk fdq eh uhpryhg e| vhdvrqdo gli0
ihuhqflqj1

Diwhu wkh rughu ri vhdvrqdo lqwhjudwlrq lv ghwhuplqhg wkh rughu ri qrq0
vhdvrqdo lqwhjudwlrq qhhgv wr eh frqvlghuhg1 Xqghu wkh k|srwkhvhv

Mf G B D fc +| 8 7Ur E2c ��

M� G B 	 fc +| 8 7Ur E�c ��

wkh DGI whvw uhjuhvvhv wkh htxdwlrq

{2{r+| ' kf n B u{{r+|3� n
&-

�'�

B� u{2{r+|3� n 0| +915:,

iru d vx!flhqw qxpehu ri odjv E&� xqwlo wkh DLF lv dw d plqlpxp dqg wkh
uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh odjjhg whupv duh h{dplqhg/
qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg dqg wkh uhgxfhg htxdwlrq lv

7:



uh0hvwlpdwhg1 Dw wklv vwdjh B lv h{dplqhg dqg wkh w0vwdwlvwlf lv frpsduhg
zlwk wkh 	� q� fulwlfdo ydoxhv iru wkh DGI whvw zlwk lqwhufhsw1 Li wkh qxoo
k|srwkhvlv lv qrw uhmhfwhg wkhq zh fdqqrw frqfoxgh wkdw wkhuh grhv qrw h{lvw
7Ur E2c �� lqwhjudwlrq zklfk fdq eh uhpryhg e| �uvw gl�huhqflqj wzlfh1 Li wkh
qxoo k|srwkhvlv lv uhmhfwhg wkhq wkh DGI whvw lv uhshdwhg iru

Mf G B D fc +| 8 7Ur E�c ��

M� G B 	 fc +| 8 7Ur Efc ��

zlwk wkh whvw

{{r+| ' kf n B u{r+|3� n
&-

�'�

B� u{{r+|3� n 0| +915;,

iru d vx!flhqw qxpehu ri odjv E&� xqwlo wkh DLF lv dw d plqlpxp dqg wkh
uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh odjjhg whupv duh h{dplqhg/
qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg dqg wkh uhgxfhg htxdwlrq lv
uh0hvwlpdwhg1 Dw wklv vwdjh B lv h{dplqhg dqg wkh w0vwdwlvwlf lv frpsduhg zlwk
wkh 	�q� fulwlfdo ydoxhv iru wkh DGI whvw zlwk lqwhufhsw1 Li wkh qxoo k|srwkhvlv
lv qrw uhmhfwhg wkhq zh fdqqrw frqfoxgh wkdw wkhuh grhv qrw h{lvw 7Ur E�c ��
lqwhjudwlrq zklfk fdq eh uhpryhg e| �uvw gl�huhqflqj1 Li wkh qxoo k|srwkhvlv
lv uhmhfwhg wkhq wkh vhulhv lv vwdwlrqdu|1

Li zh whvw iru wkh suhvhqfh ri d vkliw vwuxfwxudo euhdn wkh DGI whvw qrz
ehfrphv d wzr0vwhs surfhgxuh1 Iluvw wkh htxdwlrq

{r+| ' >n B7| n 0| +915<,

+d vhdvrqdoo| lqwhjudwhg vwdwlrqdu| surfhvv vxemhfw wr d vkliw, lv hvwlpdwhg
dqg wkhq wkh uhvlgxdov duh wdnhq dqg xvhg lq wkh vhfrqg vwdjh uhjuhvvlrq

{2e| ' /7| n kW{e|3� n
&-

�'�

kW

� u{2e|3� n D| +9163,

iru d vx!flhqw qxpehu ri odjv E&� xqwlo wkh DLF lv dw d plqlpxp dqg wkh
uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh odjjhg whupv duh h{dplqhg/
qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg dqg wkh uhgxfhg htxdwlrq lv uh0
hvwlpdwhg1 Dw wklv vwdjh kW lv h{dplqhg dqg wkh w0vwdwlvwlf lv frpsduhg zlwk
wkh Shuurq cdgglwlyh rxwolhu* fulwlfdo ydoxhv zlwk wkh b sdudphwhu ehlqj wkh
sursruwlrq ri wkh vkliw uhodwlyh wr wkh zkroh vdpsoh shulrg1 Wkh k|srwkhvhv
duh=

Mf G kW D fc +| 8 7Ur E2c ��

M� G kW 	 fc +| 8 7Ur E�c ��

7;



Li wkh qxoo k|srwkhvlv lv uhmhfwhg wkhq wkh whvw lv uhshdwhg iru

{e| ' /7| n kWe|3� n
&-

�'�

kW

� u{e|3� n D| +9164,

iru d vx!flhqw qxpehu ri odjv E&� xqwlo wkh DLF lv dw d plqlpxp dqg wkh
uhvlgxdov duh zklwh qrlvh1 Wkh w0vwdwlvwlfv iru wkh odjjhg whupv duh h{dplqhg/
qrq0vljql�fdqw odjjhg yduldeohv duh holplqdwhg dqg wkh uhgxfhg htxdwlrq lv uh0
hvwlpdwhg1 Dw wklv vwdjh kW lv h{dplqhg dqg wkh w0vwdwlvwlf lv frpsduhg zlwk
wkh Shuurq cdgglwlyh rxwolhu* fulwlfdo ydoxhv zlwk wkh b sdudphwhu ehlqj wkh
sursruwlrq ri wkh vkliw uhodwlyh wr wkh zkroh vdpsoh shulrg1 Wkh k|srwkhvhv
duh=

Mf G kW D fc +| 8 7Ur E�c ��

M� G kW 	 fc +| 8 7Ur Efc ��

vr d uhmhfwlrq ri wkh qxoo k|srwkhvlv lqglfdwhv wkdw wkh vhulhv lv vwdwlrqdu|
zlwk d vkliw ixqfwlrq1

91: Uhvxowv
Wkh yduldeohv zhuh whvwhg iru wkh suhvhqfh ri xqlw urrwv1 Wkh Glfnh|0Kdv}d0
Ixoohu +GKI, whvw iru vhdvrqdoo| lqwhjudwhg yduldeohv zdv fduulhg rxw1 Wkh
�uvw vwhs lv wr fdofxodwh wkh 5| frh!flhqwv43 44 zklfk duh xvhg lq wkh GKI
dqdorjxh ri wkh DGI whvw1 Wkh uhvxowv duh suhvhqwhg lq Wdeohv 914 wr917451

43Lq ghwhuplqlqj wkh rswlpdo odj ohqjwk iru Srun Ohj dqg Srun Orlq Fkrsv uhwdlo sulfh
wkh DLF grhv qrw dsshdu wr uhdfk d plqlpxp zkhq wkh odj ohqjwkv duh dxjphqwhg/ l1h1
wkhuh dsshduv wr eh d  dwwhqlqj rxw ri wkh DLF rq odj0ohqjwk fxuyh exw wkhq wkh DLF
frqwlqxhv wr gurs eh|rqg d uhdvrqdeoh odj ohqjwk1 Wklv  dwwhqlqj rxw dsshduv wr rffxu
ehwzhhq 6 dqg 7 odj ohqjwkv iru Srun Ohj dqg 7 dqg 8 iru Srun Orlq Fkrsv1 Lw zdv ghflghg
wr wdnh 6 odj ohqjwkv dqg 7 odj ohqjwkv uhvshfwlyho| dv ehlqj wkh rswlpxp1

44Lq dgglwlrq wr wkh sureohp ri d qrq0plqlpxp DLF qrwhg deryh/ doo wkh odjv ri wkh
Srun Orlq Fkrs uhwdlo sulfh duh qrq0vljql�fdqw zlwk dq dxjphqwdwlrq ri 7 odj ohqjwkv1
Qj dqg Shuurq ^98` fkrrvh odjv edvhg rq vhtxhqwldo whvwv ryhu wkrvh edvhg rq lqirupdwlrq
fulwhuld vxfk dv DLF ru VEF ehfdxvh wkh vhtxhqwldo whvwv vkrz ohvv vl}h glvwruwlrq wkdq
wkh lqirupdwlrq fulwhuld1 Vhtxhqwldoo| uhgxflqj wkh odj ohqjwk vkrzv wkdw odjv 4 dqg 5 duh
vljql�fdqw dqg wkh ROV sdudphwhu hvwlpdwhv ri wkhvh duh wdnhq dv wkh frh!flhqwv xvhg lq
wkh frqvwuxfwlrq ri 5|1

45Wkh whvw vwdwlvwlfv duh suhvhqwhg zlwk fruuhvsrqglqj fulwlfdo ydoxhv1 W lqglfdwhv d
vljql�fdqfh ohyho ri 8(/ wkdw lv/ zh duh <8( frq�ghqw ri uhmhfwlqj wkh qxoo k|srwkhvlv
fruuhfwo|1 WW lqglfdwhv d vljql�fdqfh ohyho ri 4(/ wkdw lv zh duh <<( frq�ghqw ri uhmhfwlqj
wkh qxoo k|srwkhvlv fruuhfwo|1
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Wdeoh 914= GKI vhdvrqdo lqwhjudwlrq whvw 0 Ghwhuplqdwlrq ri 5| +L,
Yduldeoh Odj DLF Omxqj0Er{^s0ydoxh` 5| frh!flhqwv

	b� 	b2
{eVST � S��b.eb ��D��fd�fSfo

2 S2�SD�S f���bb�d�DSfo
� S���SDf f�e2.Hbd�D��o f�.SS.�
e S2�2.eS f�2SH2Dd�SfDo

{eVEIT � DD��HH2 f�D�2��d�eSSo
2 D��2DSe f�ff.Hfb�d�b�fo
� Df�b�HS f�f22H.bd�HHfo
e Df��ebb f�e�fSDd�D�2o f�.22.�
D Df�SHHb f�fff�Se.d�bHDo

{eUEIT � ��e�e��D e�eeS.d�f�Do f�bDDS.
{eUST � �22�DS.D f���fe.d�.efo

2 ��H�Sfef f�f2fDH2d�HHSo
� ��D�2.fS f��DHSSd�Sbfo f�HH�S.
e ��D�.D�� f�..Sf�d��.Ho

{eUSOT � SD�2efD f�D2b2fd�eS.o
2 S2�Deb� f�f�ef2Hd�bfSo
� Db�Sf�b f��2Db.d�.2�o f�eDSSf
e Db�D.D� f�ffHb.SSd�b2Do

{eUSOFT � SH�e.Df ��bSSDd�feSo
2 S.�De.H f�S�Hfed�e2eo
� SD�2HfD f�f�f2SHd�b�bo
e S��SDf. f�f2e22ed�H.So f��S�2S f��2�fe
D S��2.�� f�DSbD2d�eDfo
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Wdeoh 915= GKI vhdvrqdo lqwhjudwlrq whvw 0 Ghwhuplqdwlrq ri 5| +LL,
Yduldeoh Odj DLF Omxqj0Er{^s0ydoxh` 5| frh!flhqwv

	b� 	b2
{eFDPYT � 3�e�Sfbf f�.HSb2d��.Do f��2S�2

2 3���Db�S f�.H2H�d��.So
{eFDPST � �e�ebH2 D���Sbd�f2�o

2 2f�DHe� ��f��Sd�fH�o f�HH2bS 3f��.S�b
� 2��b�b� f��2DfDd�.2eo

{eSSGT � 2DD�bfDS f��.b2bd�S.2o
2 2D��DSH2 f�eeHDfd�Df�o f�.bb�b
� 2S2�2�De ��2Sb�d�2Sfo

{�2ZSP � SH�D.2D f��Def.d�SbDo
2 SS�HH�H f�fSf.b�d�HfDo
� SD�eeff f�ffbS22ed�b22o
e S2�Sf2D f�ff�2��.d�b.2o
D Sf�f.bf f�2.D�f �f3ed�bbSo
S DH�S2be f�ffHeH�fd�b2.o
. DD�bfH. f�ffe��DDd�bebo
H D��f2eD f�f2D�2Sd�H.eo f�Hb.Sb
b D��SDDD f�f.�e�Hd�.Hbo
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Wdeoh 916= GKI vhdvrqdo lqwhjudwlrq whvw 0 ghwhuplqdwlrq ri vhdvrqdolw| +L,
Yduldeoh Odj DLF Omxqj0Er{^s0ydoxh` 5|3e | E_s�
{eVST � SD�.DS� ��eb.Dd�22�o 3��eHD2 Eeb�WW

2 SD�HSH� f���fHHd�DSDo
{eVEIT � S����Df f�f2�bH�d�H..o

2 Sf��.�. f�ffffHe.Sd�bb�o
� Db�D�fe f�f.H.SDd�..bo
e DS�.DeH f��2�S�d�.2.o
D DD�S��b ��fb�.d�2bSo
S De��.�H f�e�DSHd�Dfbo
. D��fH.S f�.bS2Hd��.2o 3e�.bSH EeS�WW

H D���eDb f�.DD2Sd��HDo
{eUEIT � �e��SbDH 2�.H2Hd�fbDo 3D��2.� EeS�WW

{eUST � �2b�Sb2S 2��eeed��e�o
2 �2.�SebS ��.b�bd��Hfo
� �2D��SfH f�..�HDd��.bo 3e���2D EeS�WW

e �2H�fDSb ��S�f.d�fD.o
{eUSOT � .S�fDD� f��DeSDd�DD�o

2 .e�DHDb f��D2eDd�DD�o
� .���Dfe f�eSefDd�ebSo
e S.�HDDD f�D2�..d�e.fo
D Se�Hf�2 f�22S.Dd�S�eo
S S��2Dbb f�2�HH�d�Sefo
. DH��S�� f���HbDd�.�fo
H DD�fSbf f�fSe�Hed�Hffo 3e�.H2b E�.�WW

b SD��S�S f�fee2SHd�H��o
{eUSOFT � .H�S�Sf f�f2fDb�d�HHSo 3D��.Df E�D�WW

2 .b�2HSf f�fe�.2ed�H�Ho
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Wdeoh 917= GKI vhdvrqdo lqwhjudwlrq whvw 0 ghwhuplqdwlrq ri vhdvrqdolw| +LL,
Yduldeoh Odj DLF Omxqj0Er{^s0ydoxh` 5|3e | E_s�
{eFDPYT � 32D�H.Hb S�2b.�d�f�2o

2 32D�De.b S�fbfed�f�eo
� 32��bb�S D�S.bHd�f�.o
e 32��2H2D ��bSfHd�fe.o
D 322�S�be ���DHDd�2eeo 3��2fef E�D�
S 3�H��2ef �f�D�22d�bf2o

{eFDPST � �S�e�Se �fef�HHd�He�o f�.eb�H E22�
2 2f�SHDe e�S.fed�f��o

{eSSGT � 2Sf�eSff ��H�HSd��.Do 3��2eHb E�eb�WW
2 2Sf�bD.H �2Seefd�Sf.o

{�2ZSP � .S�Hf.f ��bHS2d��Dbo 3e�.�D2 EeH�WW
2 .e�.HH� ���b2fd�2�Ho

Wkh uhvxowv vkrz wkdw wkhuh lv vwrfkdvwlf vhdvrqdolw| iru lpsruw yroxphv46

dqg sulfhv iru Fdqdgldq sljphdw exw doo rwkhu yduldeohv47 gr qrw h{klelw dq|
vwrfkdvwlf vhdvrqdolw| +zklfk fdq eh uhpryhg e| vhdvrqdo gl�huhqflqj,1

Wkh rughu ri qrq0vhdvrqdo lqwhjudwlrq qhhgv wr eh ghwhuplqhg dv zhoo1
Iru lpsruw yroxphv dqg sulfhv wklv fdq eh ghwhuplqhg zlwklq wkh iudphzrun
ri wkh GKI whvw1 Wkh uhvxowv duh vkrzq lq Wdeoh 9181 Iru wkh rwkhu/ qrq0
vhdvrqdoo| lqwhjudwhg yduldeohv d vlpsoh DGI whvw zloo vx!fh1 Wkh Shuurq
cdgglwlyh rxwolhu* whvw iru vwuxfwxudo euhdnv grhv qrw qhhg wr eh fduulhg rxw iru
lpsruw yroxphv dqg sulfhv 0 dv wkh| duh wkh fdxvh ri wkh sursrvhg vwuxfwxudo
euhdn lwvhoi1

46Wkh lpsruw yroxph ri sljphdw iurp Fdqdgd h{klelwhg vljql�fdqw vhuldo fruuhodwlrq xs
wr dq dxjphqwhg odj ohqjwk ri 81 Wkh �iwk odj ohqjwk kdg wkh plqlpxp DLF iru qrq0
vljql�fdqw vhuldo fruuhodwlrq frpsduhg wr vxevhtxhqw odj ohqjwkv1 Lw zdv ghflghg qrw wr
holplqdwh wkh qrq0vljql�fdqw odj ohqjwkv +odjv 608, dv shu wkh jhqhudo0wr0vshfl�f dssurdfk
vlqfh wklv zrxog kdyh uh0lqwurgxfhg vhuldo fruuhodwlrq lq wkh uh0hvwlpdwhg prgho1 Dv d
frqvhtxhqfh wkh w0vwdwlvwlf iru 5|3e lv qrw vljql�fdqw/ lqglfdwlqj wkdw wkh vhulhv lv vhdvrqdoo|
lqwhjudwhg1 Li wkh qrq0vljql�fdqw odj ohqjwkv kdg ehhq holplqdwhg wkhq wkh w0vwdwlvwlf
zrxog kdyh ehhq kljko| vljql�fdqw/ lqglfdwlqj wkdw wkh vhulhv lv qrw vhdvrqdoo| lqwhjudwhg1
Wklv qdwxudoo| ohdgv wr dqrwkhu txhvwlrq/ li wkh qrq0vljql�fdqw odj ohqjwkv kdg qrw ehhq
holplqdwhg iurp wkh rwkhu yduldeohv* GKI whvwv zrxog wklv kdyh fkdqjhg wkhlu whvw uhvxowv/
l1h1 zrxog wkh| kdyh ehhq vhdvrqdoo| lqwhjudwhgB D fkhfn ri wkh 5|3e w0vwdwlvwlfv iru wkh
rwkhu yduldeohv dw wkhlu plqlpxpDLF dqg qrq0vljql�fdqw Omxqj0Er{ T vwdwlvwlf dxjphqwhg
odj ohqjwkv uhyhdov wkdw wkh w0vwdwlvwlfv duh urexvw wr fkdqjhv lq odj ohqjwk1

47Wkh DLF iru erwk wkh uhwdlo sulfh ri ehhi dqg wkh zkrohvdoh sulfh iru srun grhv qrw
uhdfk d plqlpxp iru d uhdolvwlf vhw ri odjv iru wkh dxjphqwdwlrq1 Qj dqg Shuurq*v ^98`
vhtxhqwldo whvwlqj surfhgxuh lv xvhg lqvwhdg/ vwduwlqj ri dw d odj ohqjwk ri 431 Rqo| wkh
�uvw dxjphqwhg odj lv vljql�fdqw1
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Wdeoh 918= DGI whvwv ri qrq0vhdvrqdo lqwhjudwlrq iru lpsruwv
Yduldeoh Odj DLF Omxqj0Er{^s0ydoxh` {_3�{r+|3� | E_s�
{2{eFDPYT � 3�e�22�e �HD.�2d��DDo 3e�.�eD E2��WW

2 3�2�eH.� ��HDDfd�D�Do
{{eFDPYT � 3�e�2D.f �bf2.�d��e2o 32�.�.� E22�W

2 32b�D2�b �fe�feSd�H�So
{2{eFDPST � �D��eeH �fDe�H�d�H�So

2 �e�D�H. �Sf2fDd�e�Ho 3D�2�D. E2��WW

� �D�H��� �2f2Hed�SD2o
{{eFDPST � �b�DHS� 2�bbfDd�fHeo 3��2HSb E22�WW

2 2�����D ��f.Sfd�.e�o

Wkh uhvxowv vkrz wkdw lpsruw yroxphv dqg sulfhv duh vwdwlrqdu|/ l1h1
FDPYT dqg FDPST 8 7Ue Efc �� �

Wkh rwkhu yduldeohv qhhg wr eh whvwhg iru qrq0vhdvrqdo lqwhjudwlrq1 Wkh
whvw iru vhdvrqdo lqwhjudwlrq fduulhg rxw deryh whvwhg iru vwrfkdvwlf vhdvrqdo0
lw|/ qrw iru ghwhuplqlvwlf vhdvrqdolw|1 Lq dgglwlrq wr whvwlqj wkh yduldeohv iru
dq U E_� vwrfkdvwlf surfhvv doo wkh yduldeohv/ lqfoxglqj lpsruw yroxphv dqg
sulfhv exw h{foxglqj wkh zkrohvdoh sulfh iru srun48/ duh whvwhg iru ghwhuplq0
lvwlf vhdvrqdolw| xvlqj vhdvrqdo gxpplhv49 +vhh Wdeohv 919 dqg 91:,1

Wkh uhvxowv vkrz wkdw iru wkh whvw ri qrq0vhdvrqdo lqwhjudwlrq zlwk ghwhu0
plqlvwlf vhdvrqdolw|=

41 Wkh lpsruw yroxph dqg xqlw ydoxh ri sljphdw iurp Fdqdgd +FDPYT
dqg FDPST, duh vwdwlrqdu| zlwkrxw dq| ghwhuplqlvwlf vhdvrqdolw|/ l1h1
erwk duh 7Ue Efc ��

51 Wkh vdoh|dug sulfh iru edfrqhuv +VST,4: lv qrq0vwdwlrqdu| U E�� zlwk

48Wkh zkrohvdoh sulfh iru srun zdv qrw whvwhg xvlqj vhdvrqdo gxpplhv/ vlqfh fulwlfdo
ydoxhv kdyh qrw ehhq wdexodwhg iru prqwko| gdwd1 Lqvwhdg d vwdqgdug DGI whvw/ zlwk
lqwhufhsw dqg wuhqg zdv fdofxodwhg1

49Vhdvrqdo gxpp| yduldeohv d�hfw erwk wkh phdq dqg wkh wuhqg ri d vhulhv1 Mrkdqvhq^88/
s ;7` uhfrpphqgv xvlqj fhqwuhg +ruwkrjrqdol}hg, vhdvrqdo gxpp| yduldeohv/ zklfk vkliw
rqo| wkh phdq zlwkrxw frqwulexwlqj wr wkh wuhqg1 Zkhq fhqwuhg vhdvrqdo gxpplhv duh
xvhg lq wkh DGI whvw wkh fruuhodwlrq pdwul{ lv qhdu vlqjxodu/ lqglfdwlqj srvvleoh pxowl0
froolqhdulw|1 Vlqfh qhlwkhu dq lqwhufhsw qru d wuhqg lv xvhg lq wkh DGI whvw/ gxh wr fulwlfdo
ydoxhv qrw ehlqj wdexodwhg iru wklv vfhqdulr/ lw zdv ghflghg wr xvh qrupdo vhdvrqdo gxp0
plhv +xqfhqwhuhg, zklfk zloo lqfrusrudwh dq| wuhqg frpsrqhqw ohiw rxw ri wkh h{solflw DGI
uhjuhvvlrq1

4:Wkh vdoh|dug sulfh iru edfrqhuv glg qrw kdyh d plqlpxp DLF iru d uhdolvwlf vhw ri
dxjphqwhg odjv1 Dsso|lqj Qj dqg Shuurq*v ^98` jhqhudo0wr0vshfl�f surfhgxuh uhgxfhg wkh
dxjphqwhg odjv wr 6 iru {2 dqg qr dxjphqwdwlrq iru {1 Wkh vhdvrqdo gxpplhv duh doo
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Wdeoh 919= DGI whvwv ri xqlw urrwv zlwk ghwhuplqlvwlf vhdvrqdolw| +L,
Yduldeoh Odj DLF Omxqj0Er{^s0ydo` {_3�+|3� | E_s� '�

| ER $ f�fD�
{2{eFDPYT � 3�.�fSfe f�bf..fd��e�o 3S�H�Hf E2f�WW

2 3�D�2bfH f��.f��d�De�o
{{eFDPYT � 3�.��.e2 f�HSH�ed��D�o 3e�.�2b E2e�WW

2 3�2�2H.2 f�fe..fHd�H2.o
{2{eFDPST � �2�D�H2 f�fH�b�2d�..Do

2 ���HH�D f�D�SD.d�e.2o 3D��Dee E2��WW

� �2�HS.2 f�2�b2Dd�S2Do
{{eFDPST � �S�H��f 2�HbDHd�fHbo 3���S�� E2��W

2 �H�2fbD f�f.H�.ed�.Hfo
{2VST � H��.fe2 f�ff�feDSd�b.eo

2 .b�fHe. f�f�2H�Sd�HDSo
� .H�HHD� f�2.�SDd�Sf�o 3e��.2e Eee�WW '�

| c '
2
| c '

�
| c '

e
|

{VST f H.�b�2b ��fDHSd��feo 32�S2�b ED�� '�
| c '

2
| c '

�
| c '

e
|

� HS��H2H f�f�ef��d�bfSo
{2VEIT � SD�.SH. f�2D2�Hd�S�Do 3.���fH Eeb�WW

{VEIT f S.�ebe� f��HH.2d�SSeo 3��2SfD ED��
� SD�bDSD f�ffH�SHed�b2.o

{2UEIT f �eb�.e�b ��f�HHd��fHo 3D�fS�e EDf�WW '2
|

� �e.�D�fb f�fb�.ebd�.Dbo
{UEIT � �D��e�Hf f�HeDDf �f3�d�b..o

2 �eH�bDS� f�ffH2H��d�b2.o
� �eS�S�be f�f�f�.Sd�b2fo
e �ee�f�D� f��S2D2d�SH.o
D �ef�ee.. f�ef�f�d�D2So 32�e2ee EeS� '�

| c '
2
| c '

�
| c '

e
|

S �ef�HDSb f�2fbfHd�Se.o
{2UST f �eS�He2H f�f�HbfSd�Hb�o 3.��2bH EeH�WW '�

| c '
�
| c '

e
|

{UST � �eH��Hfb f�2H22f �f3Dd�bbbo
2 �ee�DeSH f����fbd�.�Do
� �e2�Sef. f���eSDd�.�eo
e �ef�..Hb f�e�fef �f3�d�bHeo 2�H�f� Ee.�
D �e��2SS� f��bfHed�D�2o
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Wdeoh 91:= DGI whvwv ri xqlw urrwv zlwk ghwhuplqlvwlf vhdvrqdolw| +LL,
Yduldeoh Odj DLF Omxqj0Er{^s0ydo` {_3�+|3� | E_s� '�

| ER $ f�fD�
{2USOT f Hf�b2�D �2�SfHd�Se2o 3b�ebDD Ee��WW

{USOT f H2�HD2S ��2e�fd�f.2o 32�DfSH E�H� '�
| c '

2
| c '

�
| c '

e
|

{2USOFT f HD�H�SD �eS..Dd�ebeo 3b��e�H Ee��WW

{USOFT � HS�.S�e �.e2D�d��Hbo 2���Hf Eef�
{2SSGT � 2Sb�b�b� ��2��bd�.2Ho

2 2Se�b�bb e�eSfSd�f�Do 3�2�SeSD E�Sf�WW '�
| c '

2
| c '

e
|

� 2H.��fb� ���.DSd�2.Ho
{SSGT f 2D��e�bb ��eDDfd�fS�o

� 2Df�S�.S �eD�.ed�Df�o e���2f E�S2� '�
| c '

2
|

2 2DS�SHSD �eeH2Hd�Df�o
{2ZSP � HH�.SH2 �f�2eHbd�b��o

2 HD�b2b� �ff�.�2Hd�bD�o
� H��2D.S �f.b��2d�..Ho
e H��.ff2 �2e22�d�S2�o 3e�b.f� EDf�WW

D H��2ebb �22eDHd�S�So
{ZSP � HS�Sf�D �ff�f2�Sd�bDSo

2 HD�S�.b �HSDHf �f3�d�b..o 3��f��b ED2�
� HS�.HSD �fSS�bSd�.b.o
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ghwhuplqlvwlf vhdvrqdolw| zkhuh doo irxu txduwhuv kdyh d vljql�fdqw hi0
ihfw1

61 Wkh vdoh|dug sulfh iru ehhi fdwwoh +VEIT,4; lv qrq0vwdwlrqdu| U E�� zlwk0
rxw dq| ghwhuplqlvwlf vhdvrqdolw|1

71 Wkh uhwdlo sulfh ri ehhi +UEIT,4< lv qrq0vwdwlrqdu| U E�� zlwk ghwhu0
plqlvwlf vhdvrqdolw| zkhuh doo irxu txduwhuv kdyh d vljql�fdqw h�hfw1

81 Wkh uhwdlo sulfh ri srun +UST, lv qrq0vwdwlrqdu| U E�� zlwkrxw dq|
ghwhuplqlvwlf vhdvrqdolw|1

91 Wkh uhwdlo sulfh ri srun ohjv +USOT, dqg srun orlq fkrsv +USOFT,53

duh qrq0vwdwlrqdu| U E�� zkhuh wkh vhdvrqdo gxpplhv zhuh doo vljql�fdqw
iru wkh sulfh ri srun ohjv/ exw qrw iru wkh sulfh ri wkh srun orlq fkrsv1

:1 Wkh surgxfwlrq ri sljphdw +SSG, lv qrq0vwdwlrqdu| U E�� zlwk ghwhu0
plqlvwlf vhdvrqdolw| vljql�fdqw lq wkh �uvw wzr txduwhuv1

;1 Wkh zkrohvdoh sulfh ri srun ohjv +ZSP, lv qrq0vwdwlrqdu| U E��541

Lq dgglwlrq wr whvwlqj iru xqlw urrwv zlwk ghwhuplqlvwlf vhdvrqdolw| suhvhqw/
wkh yduldeohv qhhg wr eh whvwhg iru xqlw urrwv lq wkh suhvhqfh ri vwuxfwxudo
euhdnv ehfdxvh wkh GI dqg DGI whvwv duh eldvhg wrzdugv qrq0uhmhfwlrq ri
wkh xqlw urrw qxoo lq wkh suhvhqfh ri d vwuxfwxudo euhdn1 Wkh Shuurq cdgglwlyh
rxwolhu* whvw lv fduulhg rxw rq doo wkh yduldeohv h{fhsw lpsruw yroxph dqg xqlw
ydoxh dqg zkrohvdoh sulfh ri srun ohjv55 +vhh Wdeoh 91;,1

vljql�fdqw lq erwk fdvhv1
4;Wkh vdoh|dug sulfh iru ehhi fdwwoh glg qrw kdyh d plqlpxp DLF iru d uhdolvwlf vhw

ri dxjphqwhg odjv1 Dsso|lqj Qj dqg Shuurq*v ^98` jhqhudo0wr0vshfl�f surfhgxuh uhgxfhg
wkh dxjphqwhg odjv wr 4 iru {2 dqg qr dxjphqwdwlrq iru {1 Wkh vhdvrqdo gxpplhv duh
qrq0vljql�fdqw lq erwk fdvhv1

4<Wkh uhwdlo sulfh iru ehhi dqg srun glg qrw kdyh d plqlpxp DLF iru d uhdolvwlf vhw
ri dxjphqwhg odjv iru {21 Dsso|lqj Qj dqg Shuurq*v ^98` jhqhudo0wr0vshfl�f surfhgxuh
uhvxowhg lq qr dxjphqwdwlrq iru {2 iru erwk sulfhv1

53Wkh uhwdlo sulfhv iru srun ohj dqg srun orlq fkrsv glg qrw kdyh d plqlpxp DLF iru d
uhdolvwlf vhw ri dxjphqwhg odjv1 Dsso|lqj Qj dqg Shuurq*v^98` jhqhudo0wr0vshfl�f surfhgxuh
uhvxowhg lq qr dxjphqwdwlrq iru {2 dqg { iru wkh sulfh ri srun ohjv/ qr dxjphqwdwlrq iru
{2 iru wkh sulfh ri srun orlq fkrsv/ exw 4 odjjhg dxjphqwdwlrq iru { iru wkh sulfh ri srun
orlq fkrsv1

54Uhjuhvvlrqv ri wkh zkrohvdoh sulfh iru srun ohjv vxjjhvw wkdw prqwko| gxpplhv duh
vljql�fdqw/ lqglfdwlqj wkdw vrph ohyho ri ghwhuplqlvwlf vhdvrqdolw| h{lvwv1

55Wkh uhvlgxdov iru SSGT 0 wkh surgxfwlrq ri sljphdw vkrz d vljql�fdqw vkliw gxh wr wkh
rlo0sulfh vkrfn 4<:604<:71 Dv d frqvhtxhqfh/ wkh uhvlgxdov iru SSGT duh hvwlpdwhg iurp
4<:8=4 rqzdugv1 Qrqh ri wkh rwkhu vhulhv kdv gdwd ryhu wkdw wlph shulrg1 Wkh zkrohvdoh
sulfh iru srun ohjv grhv qrw kdyh gdwd ryhu wkh shulrg ri wkh �uvw vwuxfwxudo euhdn/ lq
4<<3=4 dqg wkxv lv qrw whvwhg iru d vwuxfwxudo euhdn1
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Wkh uhvxowv/ iru wkh pdlq sduw/ frq�up wkh hduolhu xqlw urrw whvwv1 Doo wkh
yduldeohv iroorz dq U E�� surfhvv h{fhsw iru wkh vdoh|dug sulfh iru edfrqhuv1
Wkh vdoh|dug sulfh iru edfrqhuv dsshduv wr iroorz dq U Ef� surfhvv zlwk d
vkliw gxh wr wkh lqwurgxfwlrq ri lpsruwv1 Wkh uhvlgxdo sorw iru wkh edfrqhu
vdoh|dug sulfhv Shuurq cdgglwlyh rxwolhu* uhjuhvvlrq

{e| ' /7| n kWe|3� n
&-

�'�

kW

�{e|3� n D| +9165,

vkrzv d vwuxfwxudo vkliw dw wkh ehjlqqlqj ri 4<<3 +vhh Iljxuh 914,1 Wklv uhvxow
lv whpshuhg e| frq lfwlqj whvw gldjqrvwlfv56 dqg wkhuh lv d ghedwh57 derxw
wkh dssursuldwh phwkrg ri frqgxfwlqj DGI whvwv dqg wkh rswlpdo odj ohqjwk
wr xvh1

91; Vxppdu|
Wkh uhvxowv iru wkh whvwv ri xqlw urrwv xqghu vhdvrqdo lqwhjudwlrq vxjjhvw
wkdw lpsruwv yroxphv dqg sulfhv ri sljphdw iurp Fdqdgd iroorz d vwrfkdvwlf
vhdvrqdolw| qrq0vwdwlrqdu| surfhvv/ wkdw lv/ wkhuh lv d fruuhodwlrq ehwzhhq
uhvshfwlyh vhdvrqv zklfk vkliwv ryhu wlph1 Wklv qrq0vwdwlrqdu| surfhvv fdq eh
holplqdwhg e| gl�huhqflqj ehwzhhq uhvshfwlyh vhdvrqv1 Wklv uhvxow lqglfdwhv
wkdw suhylrxv vwxglhv xvlqj wkh vdph gdwdvhw ^4`/ ^78`/ zklfk glg qrw wdnh lqwr

56Wkh dg0krf dssurdfk xvlqj d plqlpxp DLF zlwk qr vhuldo fruuhodwlrq lghqwl�hv dq
rswlpdo/ sduvlprqlrxv odj ohqjwk1 Lqfuhdvlqj wkh odj ohqjwk eh|rqg wklv srlqw lqfuhdvhv
wkh DLF1 Wkh odj ohqjwkv ehfrph vljql�fdqw dqg kW ehfrphv lqvljql�fdqw/ lqglfdwlqj wkdw
vdoh|dug edfrqhu sulfhv duh lq idfw U E�� � Wkh jhqhudo0wr0vshfl�f dssurdfk dgyrfdwhg e|
Qj dqg Shuurq zrxog kdyh uhdfkhg dq rswlpdo odj ohqjwk wkdw zdv lq idfw orqjhu wkdq wkdw
dfklhyhg e| wkh plqlpxp DLF dssurdfk/ dqg wkxv frqfoxghg wkdw vdoh|dug edfrqhu sulfhv
zhuh U E�� � Krzhyhu/ lqfuhdvlqj wkh odj ohqjwkv eh|rqg wkdw dgrfdwhg e| d plqlpxp DLF
vkrzv wkdw hyhu| vhfrqg dgglwlrqdo odj ohqjwk lv vljql�fdqw/ dqg/ pruh lpsruwdqwo|/ wkdw
wkh uhvlgxdov h{klelw vljql�fdqw vhuldo fruuhodwlrq1 Wkh lpsolfdwlrq lv wkdw wkh U E�� surfhvv
revhuyhg xvlqj wkh Qj dqg Shuurq surfhgxuh lv dq duwlidfw ri vhuldo fruuhodwlrq/ udwkhu wkdq
wkh gdwd jhqhudwlqj surfhvv1

57D uhfhqw glvfxvvlrq rq wkh hfrqrphwulf0uhvhdufk pdlolqj olvw irfxvhg rq wklv wrslf1 D
vxppdu| kdv ehhq srvwhg rq wkh lqwhuqhw dw
kwws=22zzz1pdloedvh1df1xn2olvwv2hfrqrphwulf0uhvhdufk2dufklyh1kwpo
lq wkh �oh dgibwhvwbodjv1w{w
Wkh eurdg frqfoxvlrqv ri wkh ghedwh lghqwl�hg wzr dowhuqdwlyh dssurdfkhv wr whvwlqj iru

wkh rswlpdo odj ohqjwk iru DGI whvwv 0 wkh Qj dqg Shuurq ^98` jhqhudo0wr0vshfl�f dssurdfk
zklfk vwduwv d kljk odj ohqjwk dqg uhvwulfwv grzq xqwlo wkh w0vwdwlvwlfv iru wkh odj ohqjwkv
ehfrph vljql�fdqw/ dqg wkh dg0krf dssurdfk zklfk xvhv lqirupdwlrq fulwhuld olnh DLF ru
VEF wr lghqwli| d sduvlprqlrxv odj ohqjwk1
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 Plot of Residuals and Two Standard Error Bands
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Iljxuh 914= Vdoh|dug sulfh iru Edfrqhuv= Uhvlgxdov ri Shuurq cdgglwlyh rxwolhu*
xqlw urrw whvw

dffrxqw wklv vhdvrqdo h�hfw/ pd| uhvxow lq eldvhg uhvxowv dqg frqvhtxhqwo|
uhdfk d plvohdglqj frqfoxvlrq1

Wkh rwkhu yduldeohv xqghu frqvlghudwlrq gr qrw iroorz d vwrfkdvwlf vhd0
vrqdolw| qrq0vwdwlrqdu| surfhvv/ exw gr iroorz d gl�huhqfh0vwdwlrqdu| surfhvv/
wkdw lv/ wdnlqj �uvw gl�huhqfhv ri wkh wlph vhulhv zloo uhvxow lq d vwdwlrqdu|
surfhvv1 Ghwhuplqlvwlf vhdvrqdolw| grhv qrw dsshdu wr kdyh dq h�hfw rq wkh
vdoh|dug sulfh ri ehhi fdwwoh/ wkh uhwdlo sulfh ri srun/ qru wkh uhwdlo sulfh ri
srun orlq fkrsv1 Krzhyhu/ wkh uhwdlo sulfh ri ehhi dqg srun ohjv/ dv zhoo dv wkh
surgxfwlrq ri sljphdw glg h{klelw vrph ghwhuplqlvwlf vhdvrqdolw| zklfk kdv
wr eh wdnhq lqwr frqvlghudwlrq zkhq prghoolqj wkhlu gdwd jhqhudwlqj surfhvv1
Djdlq/ wkh suhylrxv vwxglhv wkdw glg qrw wdnh lqwr dffrxqw wklv vhdvrqdo h�hfw
pd| uhvxow lq eldvhg uhvxowv dqg frqvhtxhqwo| uhdfk d plvohdglqj frqfoxvlrq1

Wkh lpsruwdqw uhvxow iurp wklv fkdswhu lv wkh lpsolfdwlrq wkdw wkh vdoh|dug
sulfh iru edfrqhuv lv lq idfw vwdwlrqdu|/ udwkhu wkdq qrq0vwdwlrqdu| dv zdv
dvvhuwhg lq wkh 4<<8 DEDUH vxeplvvlrq wr wkh Lqgxvwu| Frpplvvlrq Lqtxlu|
^4`1 Lw dsshduv wkdw wkh uhdvrq iru wklv ruljlqdo �qglqj lv wkdw wkh vhulhv lv
vxemhfw wr d vkliw/ fruuhvsrqglqj wr wkh lqwurgxfwlrq ri lpsruwv lq 4<<3=41
Li wklv vkliw lv qrw wdnhq lqwr dffrxqw wkhq wkh vhulhv dsshduv wr eh qrq0
vwdwlrqdu| udwkhu wkdq vwdwlrqdu|1 Li vxevhtxhqw dqdo|vlv lv frqgxfwhg rq
wkh dvvxpswlrq wkdw wkh vhulhv lv qrq0vwdwlrqdu|/ wkh frqfoxvlrqv uhdfkhg duh
fdoohg lqwr txhvwlrq1
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Fkdswhu :

Wkh h�hfw ri lpsruwv rq
surgxfhu sulfhv

:14 Lqwurgxfwlrq
Wkh uhvxowv ri fkdswhu 9 dqg wklv fkdswhu vxjjhvw wkdw surgxfhu sulfhv kdyh
pryhg iurp d vwdwlrqdu| gdwd jhqhudwlqj surfhvv wr d qrq0vwdwlrqdu| gdwd
jhqhudwlqj surfhvv vrphwlph diwhu 4<<3=41 Wklv lpsolhv wkdw wkhuh kdv ehhq
dq h{rjhqrxv vkrfn wkdw kdv lpsdfwhg rq wkh gdwd jhqhudwlqj surfhvv lqfuhdv0
lqj yrodwlolw| dqg pdnlqj surgxfhu ghflvlrqv ohvv uholdeoh1 Wkh lqwurgxfwlrq
ri lpsruwv diwhu 4<<3=4 lv d sulph h{dpsoh ri dq h{rjhqrxv vkrfn rq wkh
lqgxvwu|/ prylqj wkh lqgxvwu| pdunhw htxloleulxp iurp rqh ri dxwdufk| wr
rqh h{srvhg wr wkh lqwhuqdwlrqdo wudglqj hqylurqphqw1 Wklv fkdswhu dwwhpswv
wr lghqwli| wkh idfwruv zklfk kdyh lq xhqfhg surgxfhu sulfhv dqg dwwhpswv
wr txdqwli| wkh h�hfwv ri wkrvh idfwruv lq ghwhuplqlqj wkh ohyho dqg fkdqjhv
wr wkh ohyho ri surgxfhu sulfhv1 Lq wklv fkdswhu zh whvw surgxfhu sulfhv iru d
vwuxfwxudo euhdn fruuhvsrqglqj wr dq h{rjhqrxv vkrfn rffxuulqj lq 4<<3=4 dqg
wkhq txdqwli| idfwruv ghwhuplqlqj wkh gdwd jhqhudwlqj surfhvv iru surgxfhu
sulfhv xvlqj dq dxwruhjuhvvlyh glvwulexwhg odj +DGO, prgho1 Wkh uhvxowv ri
wkh DGO prgho duh txlwh vxusulvlqj dqg jhqhudwhg frqvlghudeoh ghedwh dqg
frqwuryhuv| zkhq �uvw suhvhqwhg lq d suhylrxv sdshu ^:<`1 Zkloh wkh DGO
prgho txdqwl�hv wkh h�hfw ri wkh ydulrxv idfwruv +lqfoxglqj lpsruwv, d�hfwlqj
surgxfhu sulfhv lw grhv qrw lghqwli| wkh phfkdqlvp e| zklfk lpsruwv lpsdfw
rq surgxfhu sulfhv1 Zh vxjjhvw wkdw d Ehuwudqg edujdlqlqj jdph sod|hg eh0
wzhhq surgxfhuv dqg surfhvvruv lv d srvvleoh phfkdqlvp e| zklfk lpsruwv
vxssuhvv surgxfhu sulfhv1 Wkh vw|olvhg rxwfrph ri d Ehuwudqg jdph �wv wkh
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revhuyhg uhvxowv ri wkh DGO prgho 41

:15 Whvwlqj iru vwuxfwxudo euhdnv
Lw lv ri sulpdu| lqwhuhvw wr ghwhuplqh zkhwkhu ru qrw wkh gdwd jhqhudw0
lqj surfhvv +GJS, xqghuo|lqj fkdqjhv lq vdoh|dug sulfhv iru edfrqhuv kdv
fkdqjhg gxh wr wkh lqwurgxfwlrq ri lpsruwv1

D whvw iru wkh vwdwlvwlfdo vljql�fdqfh ri d srvvleoh euhdn lv wkh Fkrz whvw
^54`1 Ghqrwlqj wkh uhvlgxdo vxp ri vtxduhv iru wkh prgho �wwhg e| ROV xs
wr dqg lqfoxglqj shulrg |3 � e| UVV|3�/ dqg wkh fruuhvsrqglqj uhvlgxdo vxp
ri vtxduhv iru wkh prgho �wwhg xs wr dqg lqfoxglqj shulrg | e| UVVW| / wkhq
wkh Fkrz whvw vwdwlvwlf lv fdofxodwhg dv=

��J� '
E-77W

| 3-77|3�� E|3 &�

-77|3� E|3 E|3 ���
8 8|3E|3��c|3& +:14,

Xqghu wkh qxoo k|srwkhvlv wkdw wkhuh kdv ehhq qr vwuxfwxudo fkdqjh lq wkh
prgho ehwzhhq shulrgv |3 � dqg |/ wklv vwdwlvwlf kdv wkh I glvwulexwlrq zlwk
|3 E|3 �� dqg |3 & ghjuhhv ri iuhhgrp1

Wkh qdwxuh ri wkh Fkrz whvw lv wkdw lw ghwhfwv vkliwv lq wkh yduldeoh fr0
h!flhqwv +wkh sdudphwhuv, zklfk duh qrw hqgrjhqrxv wr wkh v|vwhp1 Zkdw
lv lpsruwdqw wr qrwh lv wkdw wkh whvw iru sdudphwhu frqvwdqf| xqghuwdnhq e|
wkh Fkrz whvw lghqwl�hv shulrgv ri fkdqjh lq wkh h{rjhqrxv yduldeoh zklfk
lv qrw h{sodlqhg e| vkliwv lq wkh hqgrjhqrxv yduldeohv1 Qrupdo fkdqjhv lq
wkh hqgrjhqrxv yduldeohv zklfk d�hfw wkh h{rjhqrxv yduldeoh dffruglqj wr
wkh xqghuo|lqj GJS duh qrw lghqwl�hg dv kdylqj vljql�fdqw lpsdfw rq wkh
frqvwdqf| ri wkh sdudphwhuv1

Lq rughu wr whvw wkh vdoh|dug sulfh iru edfrqhuv iru d vwuxfwxudo euhdn d
prgho fdswxulqj krz wkh yduldelolw| lq sulfhv lv h{sodlqhg e| wkh yduldelolw|
lq/ iru h{dpsoh/ surgxfwlrq/ qhhgv wr eh ghyhorshg1 Li wkh Fkrz whvw lqwur0
gxfhg deryh lqglfdwhv wkdw d vwuxfwxudo euhdn kdv fkdqjhg wkh ydoxhv ri wkh
sdudphwhuv lq wkh prgho/ wkhq h{whuqdo idfwruv +vxevxphg lqwr wkh vwuxfwxudo
euhdn, h{sodlq pruh ri wkh yduldwlrq lq vdoh|dug sulfhv suh0 dqg srvw0euhdn
wkdq wkh xqghuo|lqj GJS1

4Zh duh fxuuhqwo| zrunlqj rq wkh fdoleudwlrq ri dq lpshuihfwo| frpshwlwlyh frpsxwdeoh
jhqhudo htxloleulxp prgho ri wkh Dxvwudoldq slj lqgxvwu| zklfk lqfrusrudwhv Ehuwudqg/
Qdvk0Frxuqrw/ dqg Vwdfnhoehuj edujdlqlqj ehwzhhq frqvxphuv/ plggohphq/ dqg surgxfhuv
lq wkh suhvhqfh ri yduldeoh uhwxuqv wr vfdoh dqg wudqvdfwlrq frvwv1 Wklv prgho lv ri wkh
jhqhudo w|sh suhvhqwhg lq ^:;` dqg zloo dwwhpsw wr hpslulfdoo| ydolgdwh wkh uhvxowv ri wkh
DGO prgho1
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Wdeoh :14= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn
Hvwlpdwlrq Shulrg
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Zh irupxodwh d prgho ri vxsso| lq sulfh ghshqghqw irup
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q�%�| n 0| +:15,

zkhuh wkh hqgrjhqrxv yduldeoh lv wkh vdoh|dug sulfh iru edfrqhuv +VST, dqg
wkh h{rjhqrxv yduldeohv ehlqj wkh vdoh|dug sulfh ri fdwwoh +VEIT,/ wkh uhwdlo
sulfh ri ehhi +UEIT,/ wkh uhwdlo sulfh ri srun +UST, dqg wkh surgxfwlrq ri
sljphdw +SSGT, 51 Wkh prgho lv hvwlpdwhg iurp 4<;7=5 wr 4<;<=7 dqg wkhq
iru wkh ixoo vdpsoh shulrg wr 4<<:=5 zlwk wkh yduldeohv lq orj0vwdwlrqdu| irup1
Wkh uhjuhvvlrq uhvxowv duh suhvhqwhg lq Wdeoh :146 71

Wkh Fkrz whvw iru d vwuxfwxudo euhdn vwurqjo| uhmhfwv wkh k|srwkhvlv wkdw
wkhuh lv qrw d vwuxfwxudo euhdn dw 4<<3=41 Lw lv lqwhuhvwlqj wr qrwh wkdw wkhuh
dsshduv wr eh vhuldo fruuhodwlrq iru wkh prgho hvwlpdwhg ryhu wkh ixoo vdpsoh

5Zh gr qrw lqfoxgh wkh zkrohvdoh sulfh iru srun ohjv dv wklv vhulhv lv lqfrpsohwh dqg grhv
qrw fryhu wkh 4<<3=4 vwuxfwxudo euhdn shulrg1 Uhjuhvvlrq hvwlpdwhv +qrw uhsruwhg, lqglfdwh
wkdw wkh frh!flhqw iru wkh zkrohvdoh sulfh lv qrw vljql�fdqw dqg wkxv grhv qrw frqwulexwh wr
wkh GJS iru surgxfhu sulfh1 Wklv lv eruqh rxw e| wkh uhodwlyho| orz fruuhodwlrq frh!flhqw
ri 319:489 ehwzhhq zkrohvdoh dqg surgxfhu sulfhv1

6Wkh uhjuhvvlrq hvwlpdwhg rqo| xvhv 6 vhdvrqdo gxpplhv udwkhu wkdq 71 Mrkqvwrq ^89/ s1
559` vkrzv wkdw uxqqlqj d uhjuhvvlrq zlwk doo wkh gxpplhv surgxfhv d xqlw yhfwru/ htxly0
dohqw wr dq lqwhufhsw1 Wkh uhjuhvvlrq vr vshfl�hg zloo hqfrxqwhu vhyhuh pxowlfroolqhdulw|1

7Wkh Odjudqjh Pxowlsolhu I whvw iru vhuldo fruuhodwlrq lv xvhg lq suhihuhqfh wr wkh
Gxuelq0Zdwvrq _ vwdwlvwlf lq wklv fdvh1
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Wdeoh :15= DGI whvwv iru srvw euhdn vdoh|dug edfrqhu sulfhv
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shulrg1 Wklv lqglfdwhv wkdw shukdsv dq DU+4, GJS h{lvwv1 Lq rwkhu zrugv/
wkhuh lv dq lqglfdwlrq wkdw wkh vdoh|dug sulfh iru edfrqhuv lv qrq0vwdwlrqdu|
ryhu wkh ixoo vdpsoh shulrg1 Wklv edfnv xs wkh frqfoxvlrqv ri wkh Shuurq
dgglwlyh rxwolhu whvw shuiruphg hduolhu/ wkdw wkh suhvhqfh ri d vwuxfwxudo euhdn
zloo lqwurgxfh d W|sh LL huuru8 lq xqlw urrw whvwv1 Lq rughu wr frq�up wklv
wkh prgho zdv hvwlpdwhg djdlq ryhu wkh ixoo vdpsoh shulrg/ exw zlwk wkh
vwuxfwxudo euhdn gxpp| lqfoxghg1 Zkdw zdv xqh{shfwhg zdv wkdw wkhuh lv
vwloo hylghqfh ri vhuldo fruuhodwlrq/ zkhq lw zdv h{shfwhg wkdw wkh vwuxfwxudo
euhdn gxpp| zrxog kdyh fdswxuhg wkh g|qdplfv ri wkh uhjlph fkdqjh1

Wkhuh lv d srvvlelolw| wkdw zdv qrw h{soruhg lq whvwlqj iru vhdvrqdo lqwh0
judwlrq zlwk d vwuxfwxudo euhdn deryh/ wkdw dowkrxjk wkh vdoh|dug sulfh iru
edfrqhuv lv U Ef� sulru wr wkh vwuxfwxudo euhdn/ wkh lqwurgxfwlrq ri d fkdqjh
lq uhjlph frxog kdyh lqwurgxfhg qrq0vwdwlrqdulw|/ wkdw lv/ wkh vdoh|dug sulfh
iru edfrqhuv lv lq idfw

+| 8

�
U Ef� 7 ' f
U E�� 7 ' �

+:16,

Wkh Shuurq dgglwlyh rxwolhu whvw rqo| orrnv dw wkh srvvlelolw| ri dq U E�� GJS
yhuvxv dq U Ef� GJS zlwk vwuxfwxudo euhdn/ qrw yhuvxv dq U E�� GJS zlwk
vwuxfwxudo euhdn1 Lq rughu wr frq�up wkdw vdoh|dug sulfhv iru edfrqhuv lv lq
idfw U E_� diwhu wkh vwuxfwxudo euhdn wkh DGI whvw zdv fduulhg rxw djdlq rq
wkh gdwd diwhu 4<;<=7 dqg wkh uhvxowv ri wklv whvw duh suhvhqwhg lq Wdeoh :151

Wkh DGI whvw lqglfdwhv wkdw lq idfw vdoh|dug sulfhv iru edfrqhuv lv U E��
diwhu wkh vwuxfwxudo euhdn9 dqg qhhgv wr eh gl�huhqfhg rqfh wr rewdlq vwd0

8Wkdw lv/ qrq0uhmhfwlrq ri wkh qxoo k|srwkhvlv ri d xqlw urrw zkhq lq idfw rqh grhv qrw
h{lvw1

9Wklv rshqv xs vrph lqwhuhvwlqj h{whqvlrqv wr wkh dqdo|vlv1 Wkh lqwurgxfwlrq ri lpsruwv
+wkh vwuxfwxudo euhdn, kdv fkdqjhg wkh xqghuo|lqj GJS iru vdoh|dug sulfhv1 Sulru wr wkh
euhdn wkh GJS zdv vwdeoh zlwk d frqvwdqw phdq dqg diwhu wkh euhdn wkh GJS dsshduv
wr eh xqvwdeoh zlwk d vkliwlqj phdq1 Qrq0vwdwlrqdulw| lv dqdorjrxv wr yrodwlolw| lq dq
DUFK2JDUFK vhwwlqj1 Wkhuh lv d srvvlelolw| wkdw wudgh olehudolvdwlrq kdv lqfuhdvhg
yrodwlolw|/ dv h{shulhqfhg lq rwkhu pdunhwv +iru h{dpsoh wkh �qdqfldo pdunhw,/ dqg wklv
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Wdeoh :16= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn zlwk L+4, surfhvv
Hvwlpdwlrq Shulrg

;7=5 wr ;<=7 ;7=5 wr <:=5
Sdudphwhuv 	q� 7	q

�

	q� 7	q
�

kJ f��.2S. f��DH.� f��f.ff f�fSeH�b
A 3f�fff.Hbe f�ff�2S�� 3f�fffef.S f�fffe�He
7�8' f�2H2DS f��.��S 3f�f��H�. f���feS
-�' f�fbH.H� f�S�2.� f�.���� f�DfHeS
��(' 3f��.eHH f�efDeb 3f�S.bDbWW f�2�f.�
'�

| 3f��D2S.WW f�fee2b� 3f��SeeeWW f�f2ef��
'2

| 3f�fbfSf. f�fe.HH2 3f�feD�2f f�f��eDD
'�

| 3f�ffeDbbb f�f2..�2 f�f2e2fe f�f�bH.e
-2 f�.H�S. f�.�S.�
OPIE_s� f�2SbbHEec��� ��f�SeEece��
UVV f�f2�eeS f�fbSH.�
FkrzE_s� e�Sb.DWWE�fceD�

wlrqdulw|1 Wkh Fkrz whvw zdv uh0uxq rq wkh vwdwlrqdu| vdoh|dug sulfh iru
edfrqhuv/ zlwk wkh vdpsoh shulrg sulru wr wkh vwuxfwxudo euhdn ehlqj U Ef�
+Vhh Wdeoh :14, dqg wkhq dvvxphg wr eh U E�� +Vhh Wdeoh :16,

Iru wkh vfhqdulr zkhuh wkh suh0euhdn GJS lv U Ef� ��J� ' ��bS�HWW

+kljko| vljql�fdqw vwuxfwxudo euhdn, dqg zkhq wkh suh0euhdn GJS lv U E��
wkh Fkrz whvw uhvxow lv vkrzq lq Wdeoh :161 Lq hlwkhu fdvh wkh Fkrz whvw
lqglfdwhv wkdw d vwuxfwxudo euhdn kdv fdxvhg wkh xqghuo|lqj GJS wr fkdqjh1

Zh fdq frq�up wklv uhvxow e| h{dplqlqj wkh frh!flhqwv ri wkh vxsso|
prgho edvhg rq d uroolqj uhjuhvvlrq1 Wkh uroolqj ROV uhjuhvvlrq doorzv wkh
frh!flhqwv ri wkh uhjuhvvlrq wr eh uhfdofxodwhg zlwk hdfk dgglwlrqdo revhu0
ydwlrq1 Zkdw wklv phdqv wklv wkdw e| h{dplqlqj wkh sorw ri wkh frh!flhqwv
ryhu wlph/ zlwk wkhlu vwdqgdug huuru eduv/ li wkh odjjhg frh!flhqwv gl�hu
vljql�fdqwo| iurp }hur wkhq wkh frh!flhqwv kdyh fkdqjhg iurp wkh suhylrxv
wlph shulrg1 Zh hvwlpdwh wkh vxsso| prgho deryh lq orj0gl�huhqfhg irup wr
hqvxuh wkdw wkh yduldeohv duh doo vwdwlrqdu|1 Zh vhohfw d wlph zlqgrz ri 43
txduwhuv/ vr wkh odjjhg frh!flhqw ri vdoh|dug sulfhv ri edfrqhuv lv frpsduhg
zlwk wkh uhjuhvvlrq ri wkh suhylrxv 43 txduwhuv1 Wkh sorw ri odjjhg vdoh|dug
sulfhv iru edfrqhuv lv vkrzq lq Iljxuh :141

qhhgv wr eh h{dplqhg xvlqj DUFK2JDUFK whfkqltxhv1 Rqh ri wkh srvvlelolwlhv lv wkdw
wkh vwuxfwxudo euhdn kdv vkrfnhg wkh vdoh|dug sulfhv rxw ri wkhlu vwdwlrqdu| surfhvv dqg wkh
shulrg iurp 4<<3=4 wr 4<<:=5 lv d wudqvlwlrq shulrg dv wkh sulfhv pryh wr d qhz/ srvvleo|
vwdwlrqdu|/ htxloleulxp1
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 Coefficient of DSPQ(-1) and its two*S.E. bands based on rolling OLS
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Iljxuh :14= Sorw ri uroolqj uhjuhvvlrq iru vdoh|dug sulfhv iru edfrqhuv1
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Wkh uhvxowv lqglfdwh wkdw lq 4<<3=7 wkh gdwd jhqhudwlqj surfhvv iru vdoh0
|dug sulfhv iru edfrqhuv vkliwhg vljql�fdqwo| iurp wkh hvwlpdwh ri wkh gdwd
jhqhudwlqj surfhvv iru wkh sdvw 43 txduwhuv1 Diwhu 4<<3=7 wkhuh zdv qr vlj0
ql�fdqw ghyldwlrq iurp wkh qhz gdwd jhqhudwlqj surfhvv1

:16 Prghoolqj grphvwlf surgxfhu sulfhv
Rqh ri wkh txhvwlrqv zh zrxog olnh wr dqvzhu lv zkhwkhu ru qrw wkh lqwur0
gxfwlrq ri lpsruwv kdyh ohg wr wkh orzhulqj ri surgxfhu sulfhv1 Wkhuh lv d
jhqhudo ihholqj dprqj lqgxvwu| phpehuv wkdw wkh lqwurgxfwlrq ri lpsruwv kdv
lpsrvhg d sulfh fds rq surgxfhu sulfhv/ dv surfhvvruv duh qrz deoh wr edu0
jdlq grzq idupjdwh sulfhv xqghu wkh wkuhdw ri lpsruwlqj frpshwlqj surgxfw1
Wklv uhgxfwlrq lq surgxfhu sulfhv kdv qrw uhvxowhg/ lw lv fodlphg/ lq d frlqfl0
ghqw uhgxfwlrq lq uhwdlo sulfhv/ dv uhwdlo roljrsrolhv kdyh pdqdjhg wr pdlqwdlq
wkhlu pdunhw srzhu1 Wkh ixuwkhu uhod{dwlrq ri lpsruw uhvwulfwlrqv lq 4<<:=44/
doorzlqj surfhvvhg sljphdw wr eh lpsruwhg iurp Fdqdgd/ kdv phdqw wkdw
uhwdlo roljrsrolhv fdq lpsruw gluhfwo|/ udwkhu wkdq vrxufh wkhlu surgxfw iurp
grphvwlf surfhvvruv1 Lw lv fodlphg wkdw wklv zloo gulyh idupjdwh sulfhv grzq
hyhq ixuwkhu1

Dowkrxjk wklv dujxphqw lq lqwxlwlyho| dsshdolqj/ dqg kdv vrph wkhruhwlfdo
edfnlqj ^48`/ gxh wr wlph frqvwudlqwv zh duh xqdeoh wr irupdoo| whvw wklv lq
dq dqdo|wlfdo iudphzrun:1

Zh fdq/ krzhyhu/ irupxodwh dq dxwruhjuhvvlyh glvwulexwhg odj +DGO,
prgho1 Wklv lv dq dwwhpsw wr fdswxuh wkh gdwd jhqhudwlqj surfhvv dqg rewdlq
frh!flhqwv wkdw zloo lqglfdwh wkh vljq dqg wkh pdjqlwxgh ri wkh uhodwlrqvkls
ehwzhhq wkh yduldeohv lq wkh vxsso| prgho1 Wkh dgydqwdjh ri wkh DGO prgho
lv wkdw lw lv dq hqfrpsdvvlqj prgho dqg wkh rughu ri lqwhjudwlrq ri wkh ydul0
deohv grhv qrw kdyh wr eh h{solflwo| gh�qhg/ dv wkh odjjhg hqgrjhqrxv dqg
h{rjhqrxv yduldeohv rq wkh uljkw kdqg vlgh ri wkh htxdwlrq slfn xs dq| vhuldo
fruuhodwlrq1

Wkh DGO prgho lv ri wkh irup

� Euc R� +| '
&-

�'�

q� Euc ^�� %�| n B��| n �| +:17,

zkhuh

� Euc R� ' �3 ��u3 �2u
2 3 � � �n �Ru

R

q� Euc ^�� ' q�f n q��un � � �n q�^�
u^� � ' �c 2c � � � c & +:18,

:Vhh ^:;` iru d srvvleoh phwkrgrorj| wr whvw wklv sursrvlwlrq1
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zkhuh O lv d odj rshudwru vxfk wkdw u+| ' +|3�c & lv wkh qxpehu ri uhjuhvvruv/
R lv wkh qxpehu ri odjv/ dqg �| lv d rf� yhfwru ri ghwhuplqlvwlf yduldeohv +lq0
whufhsw/ vhdvrqdo gxpplhv hwf1,1 Wkh orqj0uxq frh!flhqwv duh dovr frpsxwhg
dv

	w '
	q� E�c 	̂��
	� E�c 	R�

+:19,

iru wkh odjjhg h{rjhqrxv dqg odjjhg hqgrjhqrxv yduldeohv/ dqg

	� '
	B E	Rc 	̂��

	� E�c 	R�
+:1:,

iru wkh ghwhuplqlvwlf h{rjhqrxv yduldeohv1
Wkh prgho lv uhjuhvvhg xvlqj d pd{lpxp qxpehu ri odjv dqg wkh VEF; lv

xvhg wr ghwhuplqh zklfk odjv wr holplqdwh1 D pd{lpxp qxpehu ri 7 odjv zdv
fkrvhq/ dv txduwhuo| gdwd lv xvhg/ dqg wkh DGO surfhgxuh lv frpsxwdwlrqdoo|
yhu| h{shqvlyh/ qhhglqj wr hydoxdwh ER n ��& ' Ee n ��S ' �DS2D gl�huhqw
htxdwlrqv lq rughu wr rewdlq wkh rswlpdo odj ohqjwk1

Wkh prgho lv d vxsso| prgho lq sulfh ghshqghqw irup hvwlpdwhg iurp
4<;7=7 wr 4<<:=5 lq erwk orjjhg dqg ohyhov irup/ lq dq dwwhpsw wr rewdlq
phdqlqjixo sdudphwhu ydoxhv1 Wkh uhvxowv duh suhvhqwhg lq Wdeohv :17 dqg
:181 Wkh orqj0uxq frh!flhqwv duh dovr frpsxwhg dv

	w '
	q� E�c 	̂��
	� E�c 	R�

+:1;,

Lq wkh orjjhg irup ri wkh uhjuhvvlrq dqdo|vlv wkh orqj0uxq frh!flhqw ri
wkh lpsruw yroxph yduldeoh lv qhjdwlyh/ exw qrw vljql�fdqwo| gl�huhqw iurp
}hur<1 Lq wkh ohyhov irup ri wkh uhjuhvvlrq dqdo|vlv wkh orqj0uxq frh!flhqw ri
lpsruw yroxph lv qhjdwlyh dqg lv vljql�fdqwo| ohvv wkdq }hur1 Lq erwk fdvhv wkh
whvw vwdwlvwlfv iru vhuldo fruuhodwlrq dqg khwhurvfhgdvwlflw| duh qrq0vljql�fdqw1
Wklv lqglfdwhv wkdw shuiruplqj wkh uhjuhvvlrq lq orjjhg irup wr holplqdwh
khwhurvfhgdvwlflw| lv xqqhfhvvdu| dqg pd| lq idfw eldv wkh frh!flhqw whvw
vwdwlvwlfv wrzdugv qrq0uhmhfwlrq ri wkh qxoo k|srwkhvlv1

Wkh orqj0uxq frh!flhqw iru lpsruw yroxphv lv 3f�2f�ef�f3ec zklfk lqgl0
fdwhv wkdw lq wklv prgho/ iru hyhu| 4333 wrqqhv ri lpsruwhg sljphdw/ grphvwlf
surgxfhu sulfhv zloo idoo e| 2f��e� �f��2 fhqwv2nj1 Wklv frpsduhv zlwk wkh
h�hfw ri grphvwlf surgxfwlrq/ zkhuh hyhu| 4333 wrqqhv h{wud surgxfwlrq zloo

;VEF lv xvhg lq suhihuhqfh wr DLF lq wklv fdvh dv VEF lv pruh sduvlprqlrxv zlwk wkh
odj ohqjwk vhohfwlrq

<Wkhuh lv lqvx!flhqw hylghqfh wr vxjjhvw wkdw wkh frh!flhqw ri lpsruw yroxph lv vlj0
ql�fdqwo| gl�huhqw iurp }hur ER : f�fD� �
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Wdeoh :17= DGO prgho uhvxowv 0 orj irup
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
kf e�.fbH 2�HDHe e�.fbH 2�HDHe
OVEIT| 3f�2��S� f�fbbebH f�f2�H.f f�fHe�fe
OVEIT|3� 3f�f�SSS. f��2eSH
OVEIT|32 3f�fbS�.S f���He�
OVEIT|3� f��SH�� f���2D.
OSSGT| 3f�2SbDS f�2f.Se 3f�2SbDS f�2f.Se
OUST| 2�Sf22 f�eSbfH f�H2bS2 f��efb2
OUST|3� f��eS2f f�SH��2
OUST|32 3����bH f�Sf�D�
OUST|3� 3f�b.bf� f�e..H�
OFDPST| f�f�S��. f�f2��H� f�f�S��. f�f2��H�
OFDPYT| 3f�ffSfDSD f�ffbH.be 3f�ffSfDSD f�ffbH.be
'�

| 3f��f�e� f�f2�HSf 3f��f�e� f�f2�HSf
'2

| 3f��2bfb f�f2��ff 3f��2bfb f�f2��ff
'�

| 3f�f2Hf�S f�f�.Hf. 3f�f2Hf�S f�f�.Hf.
-2 f�b2D��

Wdeoh :18= DGO prgho uhvxowv 0 ohyhov irup
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru
kf �S�f�b� 2e�...f S��D2�� ef�SD�f
VST|3� f�e�2SS f��.Se�
VEIT| 3f�f�SDHS �fb.e�� 3f�fSeeHH f��SHeb
SSGT| 3f��eHDf �f3D f�S2eDf �f3S 3f�2S�.f �f3DW f��22Df �f3D

UST| f�Db�D� f��.�e� f�2�S�fW f�fbbSe�
FDPST| 3f�f2f.�H f�f�b�H. 3f�f�SDD� f�f.efbS
FDPYT| 3f�����f �f3D f�e2.ef �f3D 3f�2f�ef �f3eW f��f�2f �f3e

FDPYT|3� 3f�H���f �f3D f��H�Sf �f3D

'�
| 32D�beD. D�feDS 3eD�.�2eW �H�HSH�

'2
| 32f�2bH. ��.Df� 3�D�..HHW ���.D2�

'�
| 32�.SHH ��ebDS 3e�HHf� D�.���

A f�b�SDe f��bb�f ��S�DD f�HHS�2
EUHDN H�bHfb �S�b�S� �D�H2bb �2�DfHf
-2 f�b22Df
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rqo| gurs surgxfhu sulfhv e| 2�S�. � ��22D fhqwv2nj1 Wkhvh duh sduwldo fr0
h!flhqwv/ dqg wkh lqwhudfwlrq ri wkh rwkhu yduldeohv lq wkh prgho zloo kdyh
dpholrudwlqj h�hfwv rq wkh uhdolvhg sulfh1 Wkh -2 lv <5158(/ lqglfdwlqj wkdw
wkh prgho lv d jrrg �w ri wkh gdwd jhqhudwlqj surfhvv1 Wkh -2 ri wkh prgho
ghwdlov krz pxfk ri wkh yduldelolw| lq vdoh|dug sulfhv iru edfrqhuv lv h{sodlqhg
e| wkh lqghshqghqw yduldeohv lq wkh prgho +lpsruw yroxphv dqg sulfhv/ uhwdlo
srun sulfhv/ vdoh|dug sulfhv iru fdwwoh/ dqg grphvwlf sljphdw surgxfwlrq,1

Wklv udlvhv wkh txhvwlrq dv wr zk| lpsruwv kdyh vxfk d odujh h�hfw rq
surgxfhu sulfhv frpsduhg zlwk grphvwlf surgxfwlrq1 Wkh htxloleulxp rxw0
frph ri d vlpsoh Ehuwudqg jdph sod|hg ehwzhhq lpsruwhuv dqg surgxfhuv
vxjjhvwv wkdw lpsruwhuv zrxog eh deoh wr edujdlq grzq grphvwlf sulfhv wr
wkh vdph sulfh dv wkh lpsruwhg surgxfw1 Xqghu Ehuwudqg frpshwlwlrq ^94/
ss1 6;:06;<` vdohv ri sljphdw e| wkh grphvwlf surgxfhu duh jlyhq e|

%_ ER_c Rs � '

��



% ER_�
�
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% ER_�

f

li R_ 	 Rs
li R_ ' Rs
li R_ : Rs

+:1<,

Vlqfh wkh surfhvvru lv lqgl�huhqw ehwzhhq vxssolhu iru d sduwlfxodu txdolw|
ri sljphdw dw d sduwlfxodu sulfh/ li wkh sulfh r�huhg e| wkh grphvwlf surgxfhu/
R_/ lv orzhu wkdq wkdw ri wkh iruhljq surgxfhu/ Rs / wkh grphvwlf surgxfhu
zloo fdswxuh doo ri wkh pdunhw dqg wkh iruhljq surgxfhu zloo vhoo qr sljphdw
E% ' %_� � Li wkh sulfhv duh htxlydohqw wr hdfk rwkhu/ wkhq wkh iruhljq surgxfhu
dqg wkh grphvwlf surgxfhu zloo hdfk vxsso| kdoi ri wkh sljphdw wr wkh pdunhw�
% ' �

2
%_ n

�
2
%s
F
1

Wklv vlpsoh jdph suhglfwv wkdw sulfhv zloo idoo wr dq htxloleulxp srvlwlrq
htxdo wr wkdw ri wkh orzhvw sulfh r�huhg1 Lq d frpshwlwlyh pdunhw wklv phdqv
wkdw sulfhv zloo eh vhw wr htxdo frvw ri surgxfwlrq1 Lq d vlwxdwlrq ri furvv
vxevlglvdwlrq gxh wr wkh mrlqwqhvv ri surgxfwlrq ri kljkhu sulfh srun ehoolhv
dqg orzhu sulfhg klqgv/ sulfhv pd|/ lq idfw/ idoo wr wkh pdujlqdo frvw plqlpxp1

Wkhuh lv d yhu| jrrg txrwh e| Grq Exuu/ wkh FHR ri ShrsohH{suhvv
Dluolqhv/ zklfk zdv wdnhq ryhu e| Dphulfdq Dluolqhv lq d sulfh0fxwwlqj zdu1

Doo zh kdg ohiw zdv rxu frvw vwuxfwxuh/ zklfk dw wkh wlph zdv
d eloolrq grooduv d |hdu ohvv wkdq Dphulfdq1 \rx �jxuh wkdw dw
d eloolrq grooduv fkhdshu/ |rx rxjkw wr eh vdih1 Zh nhsw qdlyho|
krslqj wkdw rxu eloolrq0groodu fxvklrq zrxog jlyh xv hqrxjk urrp
hyhq li wkh| xqghusulfhg xv khuh dqg wkhuh1 Exw doo wkh| qhhg wr
wdnh dzd| iurp xv zdv wkdw pdujlqdo wud!f deryh euhdnhyhq1 \rx
grq*w kdyh wr wdnh dzd| kdoi wkh jx|v pdunhw1 Doo |rx kdyh wr
gr lv wdnh dzd| d ihz vhdwv rq hyhu|  ljkw dqg wkh jx|v ghdg1^59/
ss 4580459`
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Iljxuh :15= Orqj0uxq pdujlqdo dqg dyhudjh frvw fxuyhv

Wklv/ zh wklqn/ lv wkh phfkdqlvp e| zklfk lpsruwv duh kdylqj vxfk d
odujh h�hfw rq wkh grphvwlf pdunhw1 Wkdw lv/ wkh| wdnh wkh pdujlq deryh
wkh euhdnhyhq srlqw/ zklfk lv txlwh vpdoo gxh wr wkh frpshwlwlyhqhvv ri wkh
surgxfhuv1

Li zh kdyh d orrn dw d sduwldo htxloleulxp dqdo|vlv +Vhh Iljxuh :15,/ wkh
pdujlqdo frvw fxuyh +PF, fxwv wkh ghpdqg fxuyh +((, dw sulfh �R dqg
txdqwlw| �1 Wklv lv krz pxfk wkh grphvwlf lqgxvwu| lv vxsso|lqj1 Li wkh
lqgxvwu| lv vxemhfwhg wr wkh zruog sulfh/ ��/ wkhq frqvxpswlrq zloo lqfuhdvh
wr txdqwlw| �1 Krzhyhu/ vlqfh wkh zruog sulfh lv ehorz wkh grphvwlf lqgxv0
wulhv* euhdnhyhq srlqw/ wkh lqwhuvhfwlrq ri wkh pdujlqdo frvw dqg dyhudjh frvw
fxuyh +��,/ wkh grphvwlf surgxfhuv zloo �qg lw xqsur�wdeoh wr uhpdlq lq wkh
lqgxvwu| dqg doo frqvxpswlrq zloo eh vxssolhg e| wkh lpsruwhg frpprglw|1

Wkh uhvxowv lq wklv vhfwlrq vxjjhvw wkdw wkhuh kdv ehhq d vljql�fdqw gh0
suhvvlrq lq vdoh|dug sulfhv iru edfrqhuv ryhu wkh shulrg 4<<3=4 wr 4<<:=51

Wkh txhvwlrq ri zkhwkhu ru qrw sulfhv kdyh ehhq fdsshg gxh wr wkh delolw|
ri surfhvvruv wr vrxufh surgxfw iurp ryhuvhdv kdv qrw ehhq dgguhvvhg lq wklv
iudphzrun1 Lq dgglwlrq/ wkhuh kdv ehhq vrph dujxphqw e| lqgxvwu| php0
ehuv wkdw wkh delolw| ri uhwdlohuv wr lpsruw surfhvvhg sljphdw iurp Fdqdgd
iurp 4<<:=44 kdv ixuwkhu h{dfhuedwhg wkh ghsuhvvlrq lq sulfhv1 Wkh dqdo|vlv
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frqgxfwhg deryh rqo| orrnhg dw wkh gdwd jhqhudwlqj surfhvv iurp 4<;7=7 wr
4<<:=5/ zklfk kdv qrw lqfoxghg wkh srvw 4<<:=44 shulrg1

Wkh DGO prgho irupxodwhg lq wklv vhfwlrq grhv qrw uhyhdo wkh g|qdplf
uhodwlrqvklsv zklfk h{lvw ehwzhhq sulfhv dqg surgxfwlrq/ qru wkh uhodwlyh
lpsruwdqfh ri sduwlfxodu sulfhv ru yroxphv lq ghwhuplqlqj wkh pryhphqw ri
rwkhu sulfhv ru yroxphv1 Lq rughu wr lqyhvwljdwh wkhvh lvvxhv zh qhhg wr pryh
wr d prghoolqj iudphzrun zklfk wdnhv lqwr dffrxqw wkh g|qdplf uhodwlrqvklsv
ehwzhhq yduldeohv1 Vxfk d prgho lv suhvhqwhg lq fkdswhu 451

:17 Vxppdu|
Wklv fkdswhu kdv whvwhg iru wkh h�hfw ri vwuxfwxudo euhdnv rq wkh gdwd jhq0
hudwlqj surfhvv xqghuo|lqj vdoh|dug sulfhv iru edfrqhuv1 Lw lv frqfoxghg wkdw
wkh lqwurgxfwlrq ri lpsruwv lq wkh �uvw txduwhu ri 4<<3 kdv d�hfwhg vdoh|dug
sulfhv/ frqwudu| wr wkh frqfoxvlrqv ri wkh Lqgxvwu| Frpplvvlrq Uhsruw ^86`1
Qrw rqo| lv wkhuh dq h�hfw rq sulfhv/ exw wkh lqwurgxfwlrq ri lpsruwv kdv
ixqgdphqwdoo| fkdqjhg wkh g|qdplfv ri wkh vxsso| uhvsrqvh1 Wkh DEDUH
vxeplvvlrq wr wkh Lqgxvwu| Frpplvvlrq Uhsruw rq Sljv dqg Sljphdw ^4/ s1
69` vxjjhvwhg wkdw sduwldo htxloleulxp dqdo|vlv lqglfdwhg wkdw wkh lqwurgxf0
wlrq ri lpsruwv zrxog fdxvh d rqfh0r� sulfh uhgxfwlrq lq grphvwlf sljphdw
sulfhv1 Wkh dqdo|vlv lq wklv vhfwlrq kdv vkrzq wkdw lq idfw wkh lqwurgxfwlrq
ri lpsruwv frqwlqxhv wr kdyh d odvwlqj h�hfw rq grphvwlf sljphdw sulfhv dv lw
kdv lqwurgxfhg qrq0vwdwlrqdulw| lqwr d suhylrxvo| vwdwlrqdu| vxsso| uhvsrqvh
surfhvv1

Wkh pruh uhfhqw 4<<; DEDUH vwxg| ^6` kdv lqglfdwhg wkdw wkh suhvhqw
ghfolqh lq sulfhv zloo frqwlqxh lq wkh vkruw whup/ exw=

Iurp plg0|hdu sulfhv duh h{shfwhg wr uhfryhu lq olqh zlwk wkh
vhdvrqdo sdwwhuq iurp Mxo| wr Ghfhpehu1 ^6/ s1 44`

Lq oljkw ri wkh ruljlqdo DEDUH vwxg| ^4`/ zklfk irxqg hylghqfh ri qrq0
vwdwlrqdulw| ryhu wkh zkroh wlph shulrg lq txhvwlrq +4<;704<<8,/ dqg wklv
dqdo|vlv zklfk irxqg hylghqfh ri qrq0vwdwlrqdulw| ryhu wkh wlph shulrg diwhu
wkh lqwurgxfwlrq ri lpsruwv +4<<304<<:,/ lw lv vxusulvlqj wkdw DEDUH kdv
pdgh wklv qhz fodlp deryh +wkdw sulfhv zloo uhfryhu wr wkh vhdvrqdo sdwwhuq,1
Lw lv h{shfwhg wkdw d vhulhv zloo uhwxuq wr lwv orqj0uxq htxloleulxp rqo| li lw lv
vwdwlrqdu|1 Xqohvv DEDUH kdv qrz irxqg hylghqfh wkdw wkh 4<<:=44 vkrfn
kdv lqwurgxfhg vwdwlrqdulw| wr wkh vdoh|dug sulfh iru edfrqhuv lw lv xqfohdu
krz wkh| frxog kdyh uhdfkhg wklv frqfoxvlrq1

Wkh DEDUH vwxg| vhhpv wr frq�up wkh frqfoxvlrqv uhdfkhg lq wklv vhf0
wlrq=
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Vlqfh Pdufk 4<<7/ surgxfwlrq kdv pryhg dzd| iurp wkh vwhdg|
sulfh wuhqg dqg sulfhv kdyh djdlq vwduwhg wr  xfwxdwh ryhu d zlghu
dqg qrq0vhdvrqdo udqjh1 ^6/ s1 4`

Lq wkh iudphzrun ri wklv vhfwlrq/ lw dsshduv wkdw wkh DEDUH vwxg| lv
dfwxdoo| vd|lqj wkdw sulru wr Pdufk 4<<7 sulfhv zhuh U Ef� +zh dujxh wkdw
wklv zdv sulru wr 4<<3, dqg diwhu 4<<7 sulfhv zhuh U E��1 Djdlq/ lw lv xqfohdu
krz sulfhv duh vxssrvhg wr uhwxuq wr d +udqgrpo|  xfwxdwlqj, orqj0whup
wuhqg/ ru hyhq zklfk wuhqg wkdw lv1 Lq dgglwlrq/ wkh DEDUH vwxg| xvhv
HPDED ^64` wr edfn xs lwv frqfoxvlrqv1 Wklv lv vxusulvlqj1 HPDED lv d
vlpxowdqhrxv htxdwlrq prgho wkdw dvvxphv wkdw wkh vhulhv duh vwdwlrqdu|/ dqg
|hw DEDUH*v rzq ruljlqdo vwxg| ^4` irxqg hylghqfh iru qrq0vwdwlrqdulw|1

Lq rughu wr dffrxqw iru qrq0vwdwlrqdulw| lq d prgho wkdw fdq eh xvhg
iru iruhfdvwlqj/ zh wxuq wr h{whqvlrqv wr vlpxowdqhrxv htxdwlrq prghoolqj1
Fkdswhu 45 ri wklv uhsruw xwlolvhv yhfwru dxwruhjuhvvlrq whfkqltxhv wr ghyhors
dq dowhuqdwlyh wr HPDED wkdw h{dplqhv wkh g|qdplf lqwhu0uhodwlrqvklsv ri
sulfhv dqg surgxfwlrq lq wkh Dxvwudoldq slj lqgxvwu|1

Wkh DGOprghoolqj dssurdfk suhvhqwhg lq wklv fkdswhu dwwhpswv wr txdq0
wli| wkh h�hfw ri lpsruwv rq grphvwlf surgxfhu sulfhv1 Wkh uhvxowv lqglfdwh
wkdw iru hyhu| 4333 wrqqhv ri lpsruwhg sljphdw/ grphvwlf surgxfhu sulfhv zloo
idoo e| durxqg 2f��e� �f��2 fhqwv2nj1 Wklv frpsduhv zlwk wkh h�hfw ri gr0
phvwlf surgxfwlrq/ zkhuh hyhu| 4333 wrqqhv h{wud surgxfwlrq zloo rqo| gurs
surgxfhu sulfhv e| 2�S�.� ��22D fhqwv2nj1 Zh k|srwkhvlvh wkdw wkh phfkd0
qlvp ri wkh odujh h�hfw ri lpsruwv rq surgxfhu sulfhv lv gxh wr d Ehuwudqg
edujdlqlqj jdph sod|hg ehwzhhq surgxfhuv dqg surfhvvruv zkhuh wkh htxl0
oleulxp rxwfrph lv wkdw sulfhv idoo wr wkh orzhvw r�huhg sulfh1
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Fkdswhu ;

Wkh h�hfw ri lpsruwv rq
grphvwlf surgxfwlrq

;14 Lqwurgxfwlrq
Lq dq hduolhu uhsruw DEDUH ^6` vxjjhvwhg wkdw lqfuhdvhg surgxfwlrq zdv wkh
fdxvh ri ghsuhvvhg surgxfhu sulfhv zkloh glvfrxqwlqj wkh h�hfwv ri lpsruwv rq
grphvwlf surgxfhu sulfhv1 Wkh DEDUH uhsruw zdv  dzhg dv lw rqo| h{dplqhg
fkdqjhv lq sulfhv dqg surgxfwlrq ryhu d vkruw +5 |hdu, shulrg zklfk lqfoxghg
d shulrg ri kljk ihhg judlq sulfhv gxh wr orz |lhogv xqghu gurxjkw dqg ljqruhg
wkh sdwwhuq ri surgxfwlrq ryhu wkh klvwrulfdo shulrg sulru wr wkh lqwurgxfwlrq
ri lpsruwv=

Gxulqj wkh shulrg iurp Ghfhpehu 4<<8 wr Pdufk 4<<: wkh dqqx0
dolvhg dyhudjh surgxfwlrq ri sljphdw ghfuhdvhg e| 717 shu fhqw
shu txduwhu111 Surgxfwlrq wkhq uhfryhuhg dqg frqwlqxhg wr lq0
fuhdvh e| dq dyhudjh ri 416 shu fhqw shu txduwhu iurp Vhswhpehu
4<<: wr Pdufk 4<<;1^6/ s1 7`

Wkh DEDUH uhsruw jrhv rq wr vd|=

Iru wkh �uvw ; prqwkv ri wkh 4<<:0<; �qdqfldo |hdu Dxvwudoldq
surgxfwlrq ri sljphdw lqfuhdvhg wr 555 333 wrqqhv1 Wklv uhsuh0
vhqwv dq lqfuhdvh ri 8 shu fhqw frpsduhg zlwk wkh fruuhvsrqglqj
shulrg lq wkh 4<<90<: �qdqfldo |hdu1^6/ s1 8`

H{dplqdwlrq ri wkh klvwrulfdo vhulhv +Vhh Iljxuh 818, lqglfdwhv wkdw gr0
phvwlf surgxfwlrq diwhu 4<<3 ghyldwhg iurp wkh orqj0whup sdwwhuq dqg 4<<9
zdv dq h{wuhph orz1 Wkh uhfryhu| iurp Vhswhpehu 4<<:/ iurp wkdw h{wuhph
orz/ vwloo glg qrw dsshdu wr uhwxuq wr klvwrulfdo ohyhov1
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Phgld uhohdvhv iurp wkh Plqlvwhu iru wkh Ghsduwphqw ri Sulpdu| Lqgxv0
wulhv dqg Hqhuj| +GSLH, vxssruwhg wkh frqwhqwlrq wkdw lqfuhdvhg surgxfwlrq
kdg gulyhq surgxfhu sulfhv grzq=

�Pu R*Nhhih ^Rssrvlwlrq vsrnhvpdq rq Sulpdu| Lqgxvwu|` ljqruhv
wkh idfw wkdw grphvwlf ghpdqg iru sljphdw kdv volsshg edgo|
zkloh grphvwlf surgxfwlrq kdv jrqh xs 0 lq rwkhu zrugv/ gr0
phvwlf idfwruv duh lq xhqflqj wkh lqgxvwu|*v iruwxqhv pruh wkdq
lpsruwv1�^9`

Exw dovr dgghg d qhz lqwhusuhwdwlrq> wkdw surgxfhu sulfhv zhuh ehlqj
gulyhq e| ryhuvxsso| ri sljphdw=

�UDVDF ^Uxudo Dgmxvwphqw Vfkhph Dgylvru| Frxqflo` kdv uhfrj0
qlvhg wkdw surgxfhuv duh idflqj h{wuhph gl!fxow|/ exw uhfrp0
phqghg djdlqvw HF ^H{fhswlrqdo Flufxpvwdqfhv` ehfdxvh wkh fxu0
uhqw grzqwxuq lq sulfhv lv d pdunhw dgmxvwphqw uhvxowlqj pdlqo|
iurp dq ryhuvxsso| lq wkh grphvwlf slj pdunhw/� Pu Dqghuvrq
vdlg1^:`

Dw �uvw jodqfh wkhvh wzr lqwhusuhwdwlrqv vhhp wr eh frqvlvwhqw zlwk hdfk
rwkhu exw htxloleulxp dqdo|vlv lqglfdwhv wkdw wklv lv qrw wkh fdvh1 D shupd0
qhqw lqfuhdvh lq surgxfwlrq lv prghoohg lq Iljxuh ;14 dv d vkliw wr wkh uljkw
lq wkh vxsso| fxuyh iurp wkh lqlwldo htxloleulxp dw srlqw H wr wkh qhz htxl0
oleulxp dw srlqw E1 Li d ghfuhdvh lq surgxfwlrq kdv rffxuuhg zh h{shfw wkdw
wkh vkliw zrxog lq idfw eh wr wkh ohiw1 D whpsrudu| ryhuvxsso| lq surgxfwlrq
lv dfwxdoo| d pryhphqw iurp htxloleulxp +dw srlqw H, wr glvhtxloleulxp +dw
srlqw D, zkhuh vxsso| dqg ghpdqg qr orqjhu htxdwh1 Krz orqj wkh pdunhw
wdnhv wr uhwxuq wr dq htxloleulxp srvlwlrq lv dq hpslulfdo txhvwlrq1 Li wkh
pdunhw wdnhv d orqj wlph wr uhwxuq wr htxloleulxp wkhq shuvlvwhqw glvhtxlole0
ulxp frxog eh wkh fdxvh ri ghsuhvvhg +ru zlogo|  xfwxdwlqj, sulfhv1

Wkh rwkhu srlqw udlvhg lq wkh Phgld uhohdvh e| wkh Plqlvwhu iru wkh Gh0
sduwphqw ri Sulpdu| Lqgxvwulhv dqg Hqhuj| +GSLH, zdv wkdw shu fdslwd
frqvxpswlrq ri sljphdw kdg ghfolqhg/ dv d uhvxow ri orzhu sulfhv iru ehhi dqg
srxowu| phdw 0 vxevwlwxwhv iru srun1

Wkh sxusrvh ri wklv fkdswhu lv wr dqdo|vh zkhwkhu d vkliw lq surgxfwlrq ru
d glvhtxloleulxp lq pdunhw vxsso| dqg ghpdqg duh uhvsrqvleoh iru ghsuhvvhg
surgxfhu sulfhv1 Wkh fkdswhu lv rujdqlvhg dv iroorzv1 Vhfwlrq ;15 uhylhzv
vrph prghov ri pdunhw glvhtxloleulxp1 Vhfwlrq ;16 orrnv dw wkh krj f|foh1
Vhfwlrq ;17 orrnv dw frqvxpswlrq h�hfwv dqg wkh grphvwlf vxsso| ri srun1
Vhfwlrq ;18 whvwv wr vhh zkhwkhu d vkliw lq surgxfwlrq kdv rffxuuhg1 Kdylqj
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Iljxuh ;14= Lqfuhdvh lq grphvwlf sljphdw surgxfwlrq dqg ryhuvxsso| ri gr0
phvwlf sljphdw

irxqg wkdw d vkliw lq surgxfwlrq kdv rffxuuhg/ Vhfwlrq ;19 irupxodwhv d prgho
wr ghwhuplqh wkh qdwxuh ri wkdw vkliw +zkhwkhu wr wkh uljkw ru wr wkh ohiw ri
wkh ruljlqdo htxloleulxp,1 Vhfwlrq ;1: h{whqgv wkh prgho wr lqfrusrudwh d
phdvxuh ri pdunhw glvhtxloleulxp dqg vhh zkhwkhu shuvlvwhqw glvhtxloleulxp
lv suhvhqw lq wkh pdunhw1 Ilqdoo| Vhfwlrq ;1; surylghv wkh pdlq frqfoxvlrqv
ri wkh dqdo|vlv1

;15 Fkdqjhv lq pdunhw htxloleulxp 0 vwuxf0
wxudo euhdnv dqg frezhe prghov

Fkdqjhv lq wkh pdunhw htxloleulxp fdq pdqlihvw wkhpvhoyhv lq wkh irup ri d
vkliw lq wkh lqwhufhsw ru vorsh ri wkh vxsso| +ru ghpdqg, fxuyh ru pryhphqwv
dorqj wkh fxuyh1 Vlqfh wkh pdunhw htxloleulxp lv qrw vwdwlrqdu| ryhu wlph/
dqg revhuyhg sulfhv dqg txdqwlwlhv duh xvxdoo| +glv,htxloleulxp sulfhv dqg
txdqwlwlhv/ hfrqrphwulf prghov duh xvhg lq dq dwwhpsw wr fdswxuh wkh orqj0
uxq htxloleulxp uhodwlrqvkls ehwzhhq idfwruv d�hfwlqj vxsso| dqg ghpdqg1

Lq whupv ri hvwlpdwlqj zkhwkhu d vkliw lq wkh ghpdqg ru vxsso| fxuyh kdv
wdnhq sodfh gxh wr fkdqjhv lq wkh fxuyh*v xqghuo|lqj uhodwlrqvkls/ hfrqrphwulf
prghoolqj xvxdoo| dwwhpswv wr ghwhuplqh zkhwkhu wkhuh kdv ehhq d fkdqjh lq
wkh gdwd jhqhudwlqj surfhvv +GJS, ri wkh ghshqghqw ru hqgrjhqrxv yduldeoh
+sulfh ru txdqwlw|, wkdw lv qrw h{sodlqhg e| fkdqjhv lq wkh lqghshqghqw/ ru
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h{rjhqrxv yduldeohv lq wkh prgho1 Li wkhuh kdyh ehhq fkdqjhv lq wkh hqgrjh0
qrxv yduldeoh qrw h{sodlqhg e| qrupdo fkdqjhv lq wkh h{rjhqrxv yduldeohv
wkhq d vkliw lq wkh uhodwlrqvkls/ ru d vwuxfwxudo euhdn kdv rffxuuhg1

Pryhphqwv dorqj wkh ghpdqg ru vxsso| fxuyh zklfk duh qrw pdwfkhg
e| d vlplodu pryhphqw lq wkh rwkhu fxuyh zloo ohdg wr d vlwxdwlrq zkhuh
wkhuh lv d glyhujhqfh ehwzhhq zkdw frqvxphuv duh zloolqj wr sxufkdvh dw d
sduwlfxodu sulfh dqg zkdw surgxfhuv duh zloolqj wr vxsso| dw d sduwlfxodu
sulfh1 Wklv glyhujhqfh/ ru glvhtxloleulxp/ fdq rffxu zkhq wkhuh duh odjjhg
uhdfwlrqv wr g|qdplf fkdqjhv lq wkh pdunhw htxloleulxp1 Iru h{dpsoh gxh wr
kljk hodvwlflwlhv ri ghpdqg frqvxpswlrq sdwwhuqv pd| fkdqjh txlwh udslgo|
iru sljphdw surgxfwv/ exw fkdqjhv lq surgxfwlrq qhhg durxqg 43 prqwkv
+447 gd|v jhvwdwlrq/ 4:3 gd|v xqwlo vodxjkwhu,/ wr ihhg lqwr wkh pdunhw sodfh1
Frezhe prghov dwwhpsw wr h{sodlq wkh glvhtxloleulxp lq pdunhwv gxh wr
wkh odjjhg qdwxuh ri vxsso| dqg ghpdqg1 Li surgxfhuv h{shfw wr uhfhlyh wkh
vdph sulfh iru wkhlu surgxfh lq wkh qh{w wlph shulrg dv wkh| glg lq wkh fxuuhqw
wlph shulrg/ ru ixwxuh sulfhv duh qrw shuihfwo| suhglfwhg e| surgxfhuv/ wkhq
ryhu0 dqg xqghu0vxsso| zloo rffxu1 Sulfhv zloo rvfloodwh rxw ri skdvh zlwk
surgxfwlrq lq dq dwwhpsw wr uhwxuq wr d pdunhw htxloleulxp1

Wkh frezhe prgho kdv wkuhh srvvleoh rxwfrphv=

41 Hodvwlflwlhv ri ghpdqg dqg vxsso| duh htxdo 0 shushwxdo rvfloodwlrq +Vhh
Iljxuh ;15+d,,1

51 Hodvwlflw| ri vxsso| lv juhdwhu wkdq ghpdqg 0 xq0vwdeoh pdunhw htxlole0
ulxp +Vhh Iljxuh ;15+e,,1

61 Hodvwlflw| ri ghpdqg lv juhdwhu wkdq vxsso| 0 vwdeoh htxloleulxp +Vhh
Iljxuh ;15+f,,1

Wkh prgho rxwolqhg lq Iljxuh ;15+d, vkrzv wkdw d whpsrudu| glvwxuedqfh
dzd| iurp wkh pdunhw htxloleulxp e| d ghfuhdvh lq vxsso| wr t� zloo lqfuhdvh
sulfh wr s� +srlqw D,1 Wkh lqfuhdvh lq sulfh zloo fdxvh dq lqfuhdvh lq surgxf0
wlrq wr t2 +srlqw E, / dqg d fruuhvsrqglqj ghfuhdvh lq sulfh wr s� +srlqw F,/
zklfk zloo wkhq ghfuhdvh surgxfwlrq wr t� +srlqw I,1 Vlqfh wkh hodvwlflwlhv ri
ghpdqg dqg vxsso| duh wkh vdph/ d shupdqhqw rvfloodwlrq zloo uhvxow1 Lq wkh
fdvh zkhuh surgxfwlrq lv pruh hodvwlf wkdq ghpdqg +Vhh Iljxuh ;15+e,, wkh
rvfloodwlrqv zloo h{sorgh dzd| iurp wkh lqlwldo glvwxuedqfh srlqw D1 Lq wkh
fdvh zkhuh ghpdqg lv pruh hodvwlf wkdq surgxfwlrq +Vhh Iljxuh ;15+f,, wkh
rvfloodwlrqv zloo frqyhujh wr wkh ruljlqdo htxloleulxp srlqw djdlq1

Lw lv xqfohdu iurp wkh olwhudwxuh zkhwkhu sljphdw surgxfwlrq iroorzv d
glvhtxloleulxp surfhvv olnh d frezhe prgho1 Wkh Exuhdx ri Djulfxowxudo
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Iljxuh ;15= Frezhe prghov
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Hfrqrplfv +EDH, 0 iruhuxqqhu ri DEDUH 0 vxjjhvwhg wkdw wkh pdunhw iru
sljv iroorzv d irxu |hdu frezhe f|foh=

Zkhq slj sulfhv ulvh/ dqg wkh lqfuhdvh dsshduv wr eh ri d shu0
pdqhqw qdwxuh/ h{lvwlqj surgxfhuv dgg wr wkhlu euhhglqj khug ru
qhz surgxfhuv hqwhu wkh lqgxvwu|1 Ehfdxvh ri wkh uhodwlyho| vkruw
wlph vsdq lqyroyhg lq euhhglqj sljv iru vodxjkwhu/ surgxfwlrq ri
sljphdw lqfuhdvhv vkduso| derxw 4; prqwkv wr wzr |hduv diwhu wkh
lqlwldo sulfh ulvh1 Frqvxpswlrq lv xqdeoh wr nhhs sdfh zlwk wkh
kljkhu surgxfwlrq dqg slj sulfhv idoo1 Zlwk wkh orzhu sulfhv/ sur0
gxfhuv uhdfw e| uhgxflqj wkhlu slj qxpehuv ru ohdylqj wkh lqgxv0
wu|/ dqg surgxfwlrq idoov vkduso| ehorz wkh qrupdo frqvxpswlrq
ohyho1 Wkh uhvxow lv d ulvh lq slj sulfhv dqg wkh surfhvv uhshdwv
lwvhoi1 ^4;`4

Zkloh wkh EDH irxqg hylghqfh ri d irxu |hdu f|foh lq sulfhv/ frq�uphg
e| Jul!wk^79`/ Jul!wk glg qrw/ krzhyhu/ �qg hylghqfh ri d irxu |hdu f|foh lq
surgxfwlrq1 Jul!wk k|srwkhvlvhg wkdw vkliwv lq ghpdqg iru srun/ dqg vkliwv
lq wkh sulfhv ri vxevwlwxwhv/ olnh ehhi/ pd| eh pruh sodxvleoh h{sodqdwlrqv ri
d frezhe h�hfw lq sljphdw surgxfwlrq51

;16 Krj f|fohv dqg vshfwudo dqdo|vlv
Wkh dqdo|vlv ri wkh krj f|foh frqgxfwhg e| Jul!wk ^79` uholhg rq vshfwudo
dqdo|vlv wr ghwhuplqh zkhwkhu wkhuh zdv d irxu |hdu f|foh lq krj sulfhv1 Wkh
lqwhusuhwdwlrq ri wkh uhvxowv zhuh vxemhfwlyh/ dqg qr k|srwkhvlv whvwv zhuh
frqgxfwhg1 Wkh vshfwudo dqdo|vlv lpsolhg wkdw wkhuh zhuh iuhtxhqf| shdnv dw
6/7/9/;/45/ dqg 7; prqwkv iru surgxfhu sulfhv1 +Vhh Iljxuh ;16,1 Wkh odujhvw
shdnv zhuh dw 7 dqg 45 prqwkv1

Dsso|lqj wkh sulqflsoh ri sduvlprq| lq prgho odj ohqjwk vhohfwlrq vxj0
jhvwv wkdw 7 dqg2ru 45 prqwkv vkrxog eh wkh rswlpdo odj ohqjwk wr xvh1 Wkh
uhvxowv ri wkh suhylrxv fkdswhu vxjjhvw wkdw zkhq xvlqj txduwhuo| gdwd vhd0
vrqdo gxpp| yduldeohv vkrxog eh vx!flhqw wr slfn xs wkh 45 prqwk shdn lq
iuhtxhqf|1 Wkh uhvxowv ri Jul!wk*v sdshu vxjjhvw wkdw surgxfwlrq grhv qrw

4flwhg lq ^;7/ s1 9:`
5Wkh gl�huhqfh ehwzhhq wkh EDH ^4;` dqg Jul!wk ^79` uhvxowv wdoolhv forvho| zlwk wkh

uhvxowv lq wklv sdshu dqg uhvxowv iurp Sxufhoo dqg Kduulvrq ^:<`1 Wkh dssduhqw shuvlvwhqw
glvhtxloleulxp lq sulfhv fruuhvsrqgv wr Zdoudvldq lqvwdelolw| zkhuhdv wkh txlfn uhwxuq wr
htxloleulxp iru surgxfwlrq fruuhvsrqgv wr Pduvkdooldq vwdelolw|1 L dp judwhixo wr Urgqh|
Ehdug +Vfkrro ri Qdwxudo dqg Uxudo V|vwhpv Pdqdjhphqw/ Xqlyhuvlw| ri Txhhqvodqg, iru
wklv revhuydwlrq1 Ixuwkhu uhvhdufk lv shqglqj1

:<



Iljxuh ;16= Vshfwudo ghqvlwlwhv iru surgxfwlrq/ vodxjkwhulqj/ dqg surgxfhu
sulfhv1 4<8;=< wr 4<:8=451 Vrxufh= ^79/ Iljxuh 5/ s1 468`
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Iljxuh ;17= Krphexvk prqwko| dyhudjh srunhu sulfhv/ Vhswhpehu 4<8; wr
Ghfhpehu 4<:8 +f2nj,1 Vrxufh= ^79/ Iljxuh 4/ s1 465`

iroorz d 7 |hdu f|foh/ dqg wkdw wkh shdnv lq iuhtxhqf| rffxu dw 6 dqg 517
prqwkv1 Wklv uhvxow lv eruqh rxw e| wkh uhvxowv lq wklv fkdswhu zklfk vxjjhvw
wkdw vkrfnv lq surgxfwlrq glvvlsdwh zlwklq rqh txduwhu1

Hyhq li lw fdq eh vxffhvvixoo| dujxhg wkdw surgxfhu sulfhv glg iroorz d 7
|hdu f|foh ehwzhhq 4<8;=< dqg 4<:8=45 wkhuh lv qr uhdvrq wr vxjjhvw wkdw d 7
|hdu krj f|foh lv vwloo lq h�hfw1 Wkh sulfh vhulhv suhvhqwhg lq Jul!wk*v sdshu
^79/ Iljxuh 4/ s1 465` vkrz d glvwlqfw vwuxfwxudo euhdn plg04<:5 +Vhh Iljxuh
;17, zklfk vxjjhvwv wkdw Jul!wk*v dqdo|vlv qhhgv wr eh fduulhg rxw rq wkh
srvw04<:5 gdwd jhqhudwlqj surfhvv wr vhh li slj surgxfhu sulfhv vwloo iroorz d
7 |hdu f|foh1

Vshfwudo dqdo|vlv zdv fduulhg rxw rq wkh gdwd iru surgxfhu sulfhv dqg
surgxfwlrq yroxphv +lq vwdwlrqdu| irup,1 Prqwko| gdwd iurp 4<;7=4 wr 4<<;=9
zdv uxq wkurxjk wkh SURF VSHFWUD urxwlqh lq VDV2HWV^;5`1 Wkh uhvxowv
duh vkrzq lq Iljxuhv ;18 wr ;1;1
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Iljxuh ;18= Vshfwudo ghqvlw| iru surgxfhu sulfhv1

Iljxuh ;19= Vshfwudo ghqvlw| iru surgxfhu sulfhv/ 53 prqwk shulrg

;5



Iljxuh ;1:= Vshfwudo ghqvlw| iru surgxfwlrq yroxphv

Iljxuh ;1;= Vshfwudo ghqvlw| iru surgxfwlrq yroxphv/ 53 prqwk shulrg

;6



Wkh uhvxowv lqglfdwh wkdw wkhuh lv qr hylghqfh ri d 7 |hdu f|foh iru surgxfhu
sulfhv/ dqg lq idfw erwk surgxfhu sulfhv dqg surgxfwlrq yroxphv vkrz qr
hylghqfh ri dq| shulrglflw| juhdwhu wkdq 45 prqwkv1

Surgxfhu sulfhv vkrz hylghqfh ri d vwurqj 45 prqwk f|foh +Vhh Iljxuh
;19,/ zlwk ohvvhu rqhv dw 6/7/ dqg : prqwkv1 Wklv uhvxow frq�upv wkh vw|olvhg
idfwv ri wkh lqgxvwu|/ zklfk vkrz vwurqj shdnv lq ghpdqg iru ohj kdp ryhu
wkh Fkulvwpdv shulrg1

Surgxfwlrq yroxphv vkrz hylghqfh ri d vwurqj 506 prqwk f|foh +Vhh Iljxuh
;1;, dqg ohvvhu rqhv dw 7/9 dqg 45 prqwkv1

Wkh uhvxowv wlh lq forvho| zlwk Jul!wk*v ruljlqdo zrun/ lq wkdw f|fohv zhuh
ghwhfwhg dw wkh h{dfw vdph orzhu iuhtxhqflhv exw wkh f|foh dw 7; prqwkv zdv
qrw ghwhfwhg1

Zk| wkh 7; prqwk f|foh zdv qrw ghwhfwhg lv d pdwwhu iru vshfxodwlrq1 Rqh
srvvleoh uhdvrq lv wkdw wkh vwuxfwxuh ri wkh lqgxvwu| kdv fkdqjhg vxevwdqwldoo|
vlqfh wkh 4<83v dqg 4<93v/ zlwk slj surgxfwlrq prylqj dzd| iurp ehlqj
d vlgholqh lqgxvwu| wr wkh gdlu| lqgxvwu| dqg ehfrplqj pruh vshfldolvhg1
Surgxfhuv duh pxfk pruh uhvsrqvlyh wr pdunhw vljqdov qrz wkdw wkhlu pdlq
hqwhusulvh lv slj surgxfwlrq dqg wkxv dgmxvw sulfhv dqg surgxfwlrq txlfno|
wr fkdqjlqj ghpdqg dqg vxsso| htxloleuld1

Lq Vhfwlrq ;1: zh dwwhpsw wr ghwhuplqh zkdw wkh pdjqlwxgh ri wkh olnho|
glvhtxloleulxp surfhvv lv dqg lwv shuvlvwhqfh lq wkh grphvwlf pdunhw1

;17 Frqvxpswlrq h�hfwv dqg grphvwlf vxsso|
Wkh Phgld uhohdvhv iurp wkh Plqlvwhu iru wkh Ghsduwphqw ri Sulpdu| Lqgxv0
wulhv dqg Hqhuj| +GSLH, ^9` ^:` fodlphg wkdw grphvwlf ghpdqg iru sljphdw
kdg idoohq iurp 5315nj shu fdslwd lq 4<<70<8 wr 4;1; nj shu fdslwd lq 4<<90<:/
htxdwlqj wr d uhgxfwlrq lq ghpdqg ri 4:/3:3 wrqqhv^:/ s1 7`1 Wklv uhgxfwlrq
lq ghpdqg/ zlwk wkh lpsolfdwlrq wkdw wkhuh zdv qr frqfrplwdqw ghfolqh lq
surgxfwlrq/ zdv fodlphg wr kdyh uhvxowhg lq dq ryhuvxsso| ri sljphdw lq wkh
grphvwlf pdunhw dqg d uhvxowdqw ghfolqh lq surgxfhu sulfhv dv wkh pdunhw
pryhg wr d qhz htxloleulxp1

Lw lv xqfohdu zkdw wkh vrxufh ri wklv lqirupdwlrq zdv1 Fdofxodwlrqv vhhp
wr lqglfdwh wkdw shu fdslwdo frqvxpswlrq ri sljphdw lv ghulyhg iurp glylglqj
sljphdw vxsso| +grphvwlf surgxfwlrq soxv lpsruwv6, e| srsxodwlrq1 +Vhh
Iljxuh ;1<,1

6Vxsso| lv xvxdoo| fdofxodwhg dv Surgxfwlrq ohvv Lpsruwv soxv H{sruwv1 DEV vwdwlvwlfv
gr qrw pdnh d glvwlqfwlrq ehwzhhq h{sruwv ri zlog erdu phdw dqg h{sruwv ri grphvwlfdwhg
slj phdw1 Lqgxvwu| vrxufhv lqglfdwh wkdw h{sruwv ri grphvwlfdwhg slj phdw duh plqlpdo
^B`1
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Wdeoh ;14= Fruuhodwlrq whvwv
Whvw Vwdwlvwlf s0ydoxh
o�e@orJ? 31<79;8 313334
o7Re@o6@? 31<749; 313334

Wklv sursrvlwlrq qhhgv wr eh whvwhg/ dv wklv shufhlyhg h{fhvv vxsso| frxog
eh dffrxqwhg iru e| wkh gl�huhqfhv lq srsxodwlrq vhulhv xvhg wr fdofxodwh wrwdo
frqvxpswlrq lq wklv sdshu frpsduhg zlwk r!fldo DEV fdofxodwlrqv71

Fruuhodwlrq frh!flhqwv zhuh fdofxodwhg wr ghwhuplqh li frqvxpswlrq dqg
grphvwlf vxsso| �jxuhv vljql�fdqwo| gl�huhqw iurp hdfk rwkhu +Vhh Wdeoh ;14,1

Wkh fruuhodwlrq frh!flhqwv lqglfdwh wkdw wkhuh lv d vljql�fdqw vwurqj olqhdu
uhodwlrqvkls ehwzhhq frqvxpswlrq dqg grphvwlf vxsso|1

Li wkhuh lv qr vwdwlvwlfdo gl�huhqfh ehwzhhq vxsso| dqg frqvxpswlrq gdwd/
wkhq hlwkhu wkh pdunhw lv lq htxloleulxp +l1h1 fkdqjhv lq ghpdqg duh wudfnhg
forvho| e| fkdqjhv lq surgxfwlrq, ru DEV vwdwlvwlfv duh fdofxodwhg rq wkh
dvvxpswlrq wkdw wkh pdunhw lv lq htxloleulxp +l1h1 frqvxpswlrq gdwd lv fdo0
fxodwhg iurp surgxfwlrq gdwd,1 Ixuwkhu/ wkh revhuyhg lqfuhdvhv lq surgxf0
wlrq frxog eh gxh wr vxsso| lqfuhdvlqj wr phhw lqfuhdvhv lq srsxodwlrq1 Lq
hlwkhu fdvh wkh shufhlyhg gurs lq frqvxpswlrq fdq eh dffrxqwhg iru e| d
frqfrplwdqw gurs lq surgxfwlrq/ wkhuhe| holplqdwlqj dq| glvhtxloleulxp lq
wkh pdunhw1 Wkxv wkh jryhuqphqw fodlp ri h{fhvv vxsso| gxh wr d ghfolqh lq
ghpdqg lv qrw vxssruwhg e| wkh gdwd1

;18 Whvwlqj iru vkliwv lq surgxfwlrq
Wkh fodlp e| DEDUH ^6` wkdw wkh ghsuhvvlrq lq surgxfhu sulfh lv gxh wr dq
lqfuhdvh lq grphvwlf surgxfwlrq qhhgv wr eh whvwhg lq dq dqdo|wlfdo iudph0
zrun1 Lq wkh wlph vhulhv ri grphvwlf surgxfwlrq/ d vkliw lq wkh +vwdwlf ru
orqj0uxq, vxsso| fxuyh zloo pdqlihvw lwvhoi dv d fkdqjh lq wkh gdwd jhqhudwlqj
surfhvv +GJS, ri grphvwlf surgxfwlrq/ ru d vwuxfwxudo euhdn1

Lq rughu wr whvw wkh grphvwlf surgxfwlrq ri sljphdw iru d vwuxfwxudo euhdn
d prgho fdswxulqj krz wkh yduldelolw| lq grphvwlf surgxfwlrq ri sljphdw lv
h{sodlqhg e| wkh yduldelolw| lq/ iru h{dpsoh/ sulfhv/ qhhgv wr eh ghyhorshg1 Li
wkh Fkrz whvw lqglfdwhv wkdw d vwuxfwxudo euhdn kdv fkdqjhg wkh ydoxhv ri wkh
sdudphwhuv lq wkh prgho/ wkhq h{whuqdo idfwruv +vxevxphg lqwr wkh vwuxfwxudo
euhdn, h{sodlq pruh ri wkh yduldwlrq lq grphvwlf surgxfwlrq ri sljphdw suh0
dqg srvw0euhdn wkdq wkh xqghuo|lqj GJS1

7Shu fdslwd frqvxpswlrq zdv pxowlsolhg e| Hvwlpdwhg Uhvlghqw Srsxodwlrq ^7/ Wdeoh
643414` wr ghwhuplqh wrwdo sljphdw frqvxpswlrq1
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Wdeoh ;15= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn L
Hvwlpdwlrq Shulrg

;7=5 wr ;<=7 ;7=5 wr <:=5
Sdudphwhuv 	q� 7	q

�

	q� 7	q
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kJ f�Db��S f�DS2.. f�2.b�D f��e�ff
A f�ff�DebH f�ff�H�b� f�fff�H�b f�fffD�fH
7�' 3f��e..� f��ee2S 3f�fD.e.. f�f.eSe.
7�8' f��2D2b f��f2S. f����S� f�fSHe2b
-�' 3f�fSDb.H f�e�2D� 3f��.f�b f��.�S2
'�

| 3f�fbbHb�WW f�f�S..e 3f�fSHH.�WW f�f�2�e�
'2

| f�f..SS�WW f�f2��e2 f�fbDHbeWW f�f�ebbS
'�

| f�f��f2� f�f�H2�e f�ffeDHHH f�f��f�H
-2 f�b2eHD f�He��S
OPIE_s� 2�eSb�Eec��� 2��fD2Eece��
UVV f�ffHHHeH f�f�bb�2
FkrzE_s� D�2�H2WWE�fceD�

Zh irupxodwh d prgho ri vxsso| lq txdqwlw| ghshqghqw irup

+| ' kJ n k�A n
�-
�'�

q�%�| n 0| +;14,

zkhuh wkh hqgrjhqrxv yduldeoh lv wkh surgxfwlrq ri sljphdw +SSGT, dqg
wkh h{rjhqrxv yduldeohv ehlqj wkh vdoh|dug sulfh iru edfrqhuv +VST,/ wkh
vdoh|dug sulfh ri fdwwoh +VEIT,/ dqg wkh uhwdlo sulfh ri srun +UST,1 Wkh
prgho lv hvwlpdwhg iurp 4<;7=5 wr 4<;<=7 dqg wkhq iru wkh ixoo vdpsoh shulrg
wr 4<<:=5 zlwk wkh yduldeohv lq orj0vwdwlrqdu| irup1 Dv qrwhg lq fkdswhu : wkh
vdoh|dug sulfh iru edfrqhuv +VST, lv U Ef� ryhu wkh shulrg 4<;7=504<;<=7 dqg
U E�� ryhu wkh shulrg 4<<3=404<<:=51 Wkh uhjuhvvlrq lv uxq zlwk wkh vdoh|dug
sulfh ri edfrqhuv ehlqj erwk U Ef� dqg U E�� dqg wkh uhvxowv frpsduhg1 Wkh
uhjuhvvlrq uhvxowv iru zkhq wkh vdoh|dug sulfh ri edfrqhuv lv U Ef� duh suhvhqwhg
lq Wdeoh ;15 dqg iru zkhq wkh vdoh|dug sulfh ri edfrqhuv lv U E�� duh suhvhqwhg
lq ;16 8 9 :1

8Wkh uhjuhvvlrq hvwlpdwhg rqo| xvhv 6 vhdvrqdo gxpplhv udwkhu wkdq 71 Mrkqvwrq ^89/ s1
559` vkrzv wkdw uxqqlqj d uhjuhvvlrq zlwk doo wkh gxpplhv surgxfhv d xqlw yhfwru/ htxly0
dohqw wr dq lqwhufhsw1 Wkh uhjuhvvlrq vr vshfl�hg zloo hqfrxqwhu vhyhuh pxowlfroolqhdulw|1

9Wkh Odjudqjh Pxowlsolhu I whvw iru vhuldo fruuhodwlrq lv xvhg lq suhihuhqfh wr wkh
Gxuelq0Zdwvrq _ vwdwlvwlf lq wklv fdvh1

:Wkh vwdwlvwlfv lq wkh wdeohv duh suhvhqwhg zlwk wkh vxshuvfulswv W dqg WW/ lqglfdwlqj d
vljql�fdqfh ohyho ri 8( dqg 4( uhvshfwlyho|1
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Wdeoh ;16= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn LL
Hvwlpdwlrq Shulrg

;7=5 wr ;<=7 ;7=5 wr <:=5
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Wdeoh ;17= Fkrz whvwv iru vwuxfwxudo euhdn
Srvw0Euhdn

Suh0Euhdn U Ef� U E��
U Ef� D�2�H2WWE�fceD� e�22�SWWE�fceD�
U E�� D��DS.WWE�fceD� e��DeeWWE�fceD�

Wkh Uhjuhvvlrq uhvxowv iru wkh vwuxfwxudo euhdn whvw xqghu wkh vlwxdwlrq ri
vdoh|dug sulfhv iru edfrqhuv ehlqj U E�� ryhu wkh suh0euhdn shulrg duh lqwhuhvw0
lqj1 Wkh Odjudqjh Pxowlsolhu I0whvw iru wkh suhvhqfh ri vhuldo fruuhodwlrq lq
wkh uhvlgxdov vwurqjo| uhmhfwv wkh k|srwkhvlv ri qr vhuldo fruuhodwlrq ER 	 f�f��
dqg |hw wkh Omxqj0Er{ T0vwdwlvwlf grhv qrw uhmhfw wkh qxoo k|srwkhvlv wkdw
wkh uhvlgxdov duh zklwh qrlvh +qr vhuldo fruuhodwlrq, ER ' f�2fS�1 Wkh whvwv
duh frq lfwlqj/ exw wkh Odjudqjh Pxowlsolhu I0whvw lv pruh urexvw wkdq wkh
Omxqj0Er{ T0vwdwlvwlf1 Wkh Odjudqjh Pxowlsolhu I0whvw frq�upv wkh �qglqj
wkdw wkh vdoh|dug sulfhv ri edfrqhuv lq wkh shulrg ehiruh 4<<3=4 zhuh U Ef�/
wkdw lv/ ryhu0gl�huhqflqj ri wkh yduldeoh ohdgv wr wkh uh0lqwurgxfwlrq ri qrq0
vwdwlrqdulw|1

Wkh Fkrz whvwv duh frpsxwhg iru doo vfhqdulrv/ wkdw lv/ wkh vdoh|dug sulfh
iru edfrqhuv ehlqj hlwkhu U Ef� ru U E�� lq erwk wkh suh0euhdn dqg srvw0euhdn
shulrgv1 Wkh whvw vwdwlvwlfv duh suhvhqwhg lq Wdeoh ;17

Wkh uhvxowv vkrz wkdw/ luuhvshfwlyh ri zkhwkhu wkh vdoh|dug sulfhv ri ed0
frqhuv duh vwdwlrqdu| ru qrq0vwdwlrqdu| lq wkh suh0 ru srvw0euhdn shulrg/

;;
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Iljxuh ;143= Sorw ri uroolqj uhjuhvvlrq iru grphvwlf surgxfwlrq ri sljphdw

grphvwlf surgxfwlrq ri sljphdw kdv ehhq d�hfwhg e| wkh vwuxfwxudo euhdn
rffxuulqj lq 4<<3=4/ fruuhvsrqglqj wr wkh lqwurgxfwlrq ri lpsruwv ri sljphdw
iurp Fdqdgd1

Zh fdq frq�up wklv uhvxow e| h{dplqlqj wkh frh!flhqwv ri wkh vxsso|
prgho edvhg rq d uroolqj uhjuhvvlrq1 Wkh uroolqj ROV uhjuhvvlrq doorzv wkh
frh!flhqwv ri wkh uhjuhvvlrq wr eh uhfdofxodwhg zlwk hdfk dgglwlrqdo revhu0
ydwlrq1 Zkdw wklv phdqv lv wkdw e| h{dplqlqj wkh sorw ri wkh frh!flhqwv
ryhu wlph/ zlwk wkhlu vwdqgdug huuru eduv/ li wkh odjjhg frh!flhqwv gl�hu
vljql�fdqwo| iurp }hur wkhq wkh frh!flhqwv kdyh fkdqjhg iurp wkh suhylrxv
wlph shulrg1 Zh hvwlpdwh wkh vxsso| prgho deryh lq orj0gl�huhqfhg irup
wr hqvxuh wkdw wkh yduldeohv duh doo vwdwlrqdu|1 Zh vhohfw d wlph zlqgrz ri
43 txduwhuv/ vr wkh odjjhg frh!flhqw ri grphvwlf surgxfwlrq ri sljphdw lv
frpsduhg zlwk wkh uhjuhvvlrq ri wkh suhylrxv 43 txduwhuv1 Wkh sorw ri odjjhg
grphvwlf surgxfwlrq ri sljphdw lv vkrzq lq Iljxuh ;1431

Wkh uhvxowv lqglfdwh wkdw wkh gdwd jhqhudwlqj surfhvv iru grphvwlf sur0
gxfwlrq ri sljphdw lq 4<<3=4 vkliwhg vljql�fdqwo| iurp wkh hvwlpdwh ri wkh
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gdwd jhqhudwlqj surfhvv iru wkh sdvw 43 txduwhuv1 Wkhuh zdv dovr d vwuxfwxudo
euhdn rffxuulqj lq 4<;;=5/ 4<<4=6 dqg 4<<6=7 dqg d shulrg ri lqvwdelolw| iurp
4<<7=604<<8=61 Lw lv fohdu iurp wklv uhvxow wkdw grphvwlf surgxfwlrq ri slj0
phdw kdv ehhq d�hfwhg e| h{whuqdo idfwruv/ wkdw lv/ idfwruv qrw prghoohg lq
wkh vxsso| htxdwlrq deryh/ ryhu d orqj shulrg ri wlph1 DEDUH uhsruwv ^4/ 6`
kdyh lqglfdwhg wkdw wkh slj lqgxvwu| kdv ehhq xqghujrlqj vwuxfwxudo fkdqjh
iru d orqj shulrg ri wlph/ dqg wkhvh uhvxowv ohqg zhljkw wr wkhlu dqdo|vlv1
Wkh lqwurgxfwlrq ri lpsruwv lv mxvw dqrwkhu h{whuqdo idfwru lpsdfwlqj rq wkh
fkdqjlqj vwuxfwxuh ri wkh Dxvwudoldq slj lqgxvwu|1

;19 Prghoolqj grphvwlf surgxfwlrq
Rqh ri wkh txhvwlrqv zh zrxog olnh wr dqvzhu lv zkhwkhu wkh lqwurgxfwlrq ri
lpsruwv kdyh kdg dq h�hfw rq grphvwlf surgxfwlrq ri sljphdw1 Zkloh wkh
whvw iru d vwuxfwxudo euhdn fdq lqglfdwh wkdw wkh GJS xqghuo|lqj grphvwlf
surgxfwlrq kdv fkdqjhg diwhu 4<;<=7 lw grhv qrw lqglfdwh zkdw wkh vljq ri
wkdw vkliw lq vxsso| kdv ehhq1 Lq rughu wr ghwhuplqh wkh vljq dqg pdjql0
wxgh ri wkh vkliw lq surgxfwlrq zh wxuq wr dq Dxwruhjuhvvlyh Glvwulexwhg Odj
+DGO, prgho zklfk dwwhpswv wr fdswxuh wkh zkroh gdwd jhqhudwlqj surfhvv
xqghuo|lqj wkh ghshqghqw yduldeoh/ vxfk dv grphvwlf surgxfwlrq ri sljphdw1

Wkh prgho lv d vxsso| prgho lq txdqwlw| ghshqghqw irup hvwlpdwhg iurp
4<;8=4 wr 4<<:=5 dqg lv lq ohyhov irup lq dq dwwhpsw wr rewdlq phdqlqjixo
sdudphwhu ydoxhv1 Wkh prgho uhjuhvvhv grphvwlf surgxfwlrq +SSGT, djdlqvw
vdoh|dug sulfhv iru edfrqhuv +VST,/ wkh vdoh|dug sulfh iru fdwwoh +VEIT,/
uhwdlo sulfh iru srun +UST,/ lpsruw sulfhv iru Fdqdgldq sljphdw +FDPST,
dqg lpsruw yroxphv iru Fdqdgldq sljphdw +FDPYT, dorqj zlwk wkh 4r|

wr 6o_ txduwhuo| gxpplhv dqg d vwuxfwxudo euhdn iru 4<<3=4 rqzdugv1 D
pd{lpxp qxpehu ri 7 odjv zdv fkrvhq/ dv txduwhuo| gdwd lv xvhg1 Wkh
uhvxowv duh frq lfwlqj/ dv wkh Lqirupdwlrq Fulwhulrq vhohfw gl�huhqw prghov ;1

;Wkh DLF/ U2c dqg Kdqqdq0Txlqq Fulwhulrq ^83` doo vhohfw dq DGO+7/7/7/7/7/6, prgho
zkhuhdv wkh VEF vhohfwv dq DGO+3/3/5/3/3/3, prgho1
Wkh GKI whvwv lqglfdwh wkdw wkh wkh yduldeohv duh doo U E�� c h{fhsw iru wkh vdoh|dug

sulfh iru edfrqhuv +VST, zklfk zdv U Ef� ehiruh wkh vwuxfwxudo euhdn dqg U E�� diwhu wkh
vwuxfwxudo euhdn dqg wkh lpsruw yroxphv dqg sulfhv +FDPST/ FDPYT, zklfk zkhuh
7Ue Efc �� �
Wkh DGO+7/7/7/7/7/6, prgho h{klewv kljko| vljql�fdqw vhuldo fruuhodwlrq zklfk lv qrw

uhpryhg zkhq wkh prgho lv uhsdudphwhulvhg lq dq HFP uhsuhvhqwdwlrq1 Dv vxfk wkh
prgho lv lqdssursuldwh wr xvh dv ryhu0gl�huhqflqj kdv uh0lqwurgxfhg vhuldo fruuhodwlrq dqg
idlov wr fdswxuh wkh DU+4, GJS1
Lq dgglwlrq wkh DGO+3/3/5/3/3/3, prgho lv qrw dssursuldwh wr xvh dv lw idlov wr fdswxuh

wkh DU+4, GJS e| vhohfwlqj dq DU+3, surfhvv1
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Wdeoh ;18= DGO+4/4/4/4/3/3, prgho uhvxowv
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf .f.f2HS SD.eS�� HSfHfHS .b.���bdf�2HHo
��('|3� f��.HSD f��H.�.
7�'| 3bfDHH�S �.DHf�e 3bbb2e�D DS�.f�Hdf�fHeo
7�'|3� HD�D�� D2b�2
7�8'| .Sb���� 2HfHe�S HDS���� 2SHS.�Sddf�ff�o
7�8'|3� 3SDbS�2 2bbHb�S
-�'| HD�D�2 Df�.H�. 2HD�D�. 2DH�S�bdf�2..o
-�'|3� �ebf2�. eeeHe
����'| 3��.e2�� �fD�S�2 3�S.���2 ��H2e��df��SSo
���T'| 3f��f.D. ��fSH� 3f��.eeS ���2fbdf�..Ho
'�

| 3.�2f�.H �222fDb 3HSSbf.� 2.ff222df�ff�o
'2

| DbbH�S �Sf2D.2 .�f��� �bD22eSdf�bb.o
'�

| 3DfDf2f�H beDbHH�2 3S�eHS��H ��2..Sedf�DHbo
A ��HbHH�b �fSDbf�b e�2.�b�S beSbe�edf�fffo
�-.�g e2�febD eDfHD�f D�2S2HD D2SffHfdf���So
-2 f�bDDeH

Lw zdv ghflghg wr hvwlpdwh wzr DGO prghov/ dq DGO+4/4/4/4/3/3, prgho
dv wkh DU+4, surfhvv fdswxuhv wkh U E�� GJS < dqg wkh DU+3, surfhvv
dorqj zlwk wkh txduwhuo| gxpplhv fdswxuhv wkh 7Ue Efc �� GJS 43/ dqg dq
DGO+4/4/4/4/7/7, prgho wr vhh li wkh 7Ue Efc �� GJS frxog eh fdswxuhg e| dq
DU+7, surfhvv1 Wkh hqg uhvxowv duh qrw vxevwdqwldoo| gl�huhqw 0 wkh vwuxfwxudo
euhdn frh!flhqw lv vwloo qrw vljql�fdqwo| gl�huhqw iurp }hur/ dqg wkh HFPv
duh kljko| vljql�fdqw +Wkh HFPv lqglfdwh wkdw wkhuh lv dq h{wuhpho| idvw
uhwxuq wr htxloleulxp iroorzlqj d vkrfn wr surgxfwlrq,1 Wkh orqj0uxq frh!0
flhqwv duh gl�huhqw/ exw lq wkh pdlq wkh| duh ri wkh vdph rughu ri pdjqlwxgh1
Wkh uhvxowv duh suhvhqwhg lq Wdeohv ;18 dqg ;19 441

Wkh lqwhusuhwdwlrq ri wkh frh!flhqwv lv qrw vwudljkw iruzdug dv wkh orqj

<Lq grphvwlf surgxfwlrq ri sljphdw +SSGT,/ vdoh|dug sulfhv iru edfrqhuv +VST, dqg
ehhi fdwwoh +VEIT,/ dqg wkh uhwdlo sulfh ri srun +UST,1

43Lq lpsruw sulfhv +FDPST, dqg lpsruw yroxphv +FDPYT,1
44Wkh s0ydoxhv iru wkh orqj uxq frh!flhqwv duh lqfoxghg zlwk wkhlu uhvshfwlyh vwdqgdug

huuruv1 Wkh s0ydoxhv lqglfdwh wkh suredelolw| ri idovho| uhmhfwlqj wkh qxoo k|srwkhvlv +Mf G
q ' f, iru wkdw sduwlfxodu sdudphwhu1 Wkh s0ydoxhv duh lqwhusuhwhg vxfk wkdw li ER 	 f���
wkhq wkh sdudphwhu lq txhvwlrq lv vljql�fdqwo| juhdwhu ru ohvv wkdq +ghshqglqj rq wkh
vljq ri wkh sdudphwhu, }hur1 Li ER 	 f�fD� wkhq wkh sdudphwhu lq txhvwlrq lv vljql�fdqwo|
gl�huhqw iurp }hur1
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Wdeoh ;19= DGO+4/4/4/4/7/7, prgho uhvxowv
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf ��Sfffff .H.�.He �D�fffff H.22H2�df�fbDo
��('|3� f��f2fS f��HH�
7�'| 3bSSeD�2 e�fff�D 3�fHb�b�H DSbeS��df�fSSo
7�'|3� 3��D.�. Dbeef�e
7�8'| e�.e.�D �fD.D�H 2��f2�e �b..��.df�Db.o
7�8'|3� 32eS�b�e ���..�D
-�'| DD�2S DD�eb�. S�H�H 2b��2�Ddf�f�.o
-�'|3� 2�bS�e eeb.e��
����'| 32�S.b�. �befe 3�Sb2�D �H.He��df�b2bo
����'|3� HfDD�2 �2S.D
����'|32 .�SD�� ���2��b
����'|3� 3�SbDb�� �2Hf��2
����'|3e 2�HbH�H HbSb�.
���T'| 32��ee� ��S�SD 3.�.2e2S ��H.�Ddf�f.2o
���T'|3� 3���.e2 ��e.DD
���T'|32 f�2��HH ��Sfbb
���T'|3� 3��fb�H ���b.
���T'|3e 32��2.f ��SbeS
'�

| 3..�Hb2� ��H�HD2 3HDbS�ff 2DbHDD.df�ff�o
'2

| 3D��HfD�� �.D�ef. 3DSbbHf �HHe.�bdf�.SDo
'�

| 3��ef�b�b �fS2.f� 3�2SbHf ��.b2bSdf�b�Do
A 2.�SDD�� �2SH�D�H �f2D���2 �2�e.Ddf�f2�o
�-.�g �b.�fSH S2S�SbD ee2eS.f SH.2f2�df�D2Do
-2 f�bSHD2
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uxq frh!flhqwv duh qhjdwlyh1 Wkh vljqv duh wkh rssrvlwh dv lv h{shfwhg iurp
hfrqrplf wkhru|/ iru h{dpsoh/ dv surgxfhu sulfh lqfuhdvhv surgxfwlrq lv h{0
shfwhg wr lqfuhdvh/ qrw ghfuhdvh451 Wkh uhdvrq iru wklv lv wkdw grphvwlf
surgxfwlrq lv odjjhg dqg fkdqjhv lq pdunhw sulfhv qhhg durxqg 506 txdu0
whuv wr lpsdfw rq surgxfwlrq ghflvlrqv1 Wkh odjjhg qdwxuh ri surgxfwlrq
phdqv wkdw fxuuhqw shulrg surgxfwlrq lv d�hfwhg e| suhylrxv shulrg sulfhv/
vr wkdw fxuuhqw shulrg sulfhv kdyh d qhjdwlyh uhodwlrqvkls zlwk fxuuhqw shulrg
surgxfwlrq gxh wr wkh frezhe vxsso| uhvsrqvh1

Lq wkh DGO+4/4/4/4/3/3, prgho vdoh|dug sulfhv iru edfrqhuv vhhp wr iro0
orz dq rvfloodwru| sdwwhuq/ lqglfdwlyh ri d frezhe vxsso| uhvsrqvh1 Hyhu|
fhqw lqfuhdvh lq wkh suhylrxv shulrg*v surgxfhu sulfh dggv durxqg ;18 wrqqhv
+;84816 njv, wr surgxfwlrq zkloh wkh ryhufrpshqvdwlrq lq vxsso| uhvsrqvh uh0
vxowv lq wkh fxuuhqw shulrg*v surgxfhu sulfh ghfuhdvlqj surgxfwlrq e| durxqg
<319 wrqqhv +<38;;19 njv,1 Vdoh|dug sulfhv iru fdwwoh dovr iroorz d rvflood0
wru| sdwwhuq/ zlwk wkh suhylrxv shulrg*v fdwwoh sulfh ghfuhdvlqj grphvwlf
sljphdw surgxfwlrq e| durxqg 919 wrqqhv +98<915 njv, iru hyhu| rqh fhqw
lqfuhdvh1 Fxuuhqw shulrg*v fdwwoh sulfh lqfuhdvhv grphvwlf sljphdw surgxf0
wlrq e| durxqg :: wrqqhv +:9<4616 njv,1

Wkh erwk wkh vkruw0 dqg orqj0uxq frh!flhqwv ri wkh DGO+4/4/4/4/3/3,
prgho lqglfdwh wkdw wkhuh lv lqvx!flhqw hylghqfh iurp wkh vdpsoh gdwd wr
frqfoxgh wkdw wkh vwuxfwxudo euhdn ydoxh lv vljql�fdqwo| gl�huhqw iurp }hur1

Wkh DGO+4/4/4/4/7/7, prgho uhvxowv duh vlplodu zlwk gl�huhqfhv ehlqj dw0
wulexwhg wr wkh h{wud odjv iru lpsruw yroxphv dqg sulfhv fdswxulqj pruh ri
wkh GJS1 Wkh orqj0uxq frh!flhqwv lqglfdwh wkdw wkh vdoh|dug sulfh iru ed0
frqhuv kdv d vljql�fdqwo| qhjdwlyh lpsdfw dqg d 42f2nj lqfuhdvh lq surgxfhu
sulfh ghfuhdvhv grphvwlf surgxfwlrq e| durxqg 443 wrqqhv +43;<4<1; njv,1
Ixuwkhu/ d 42f2nj lqfuhdvh lq uhwdlo srun sulfhv lqfuhdvhv grphvwlf surgxfwlrq
e| durxqg 97 wrqqhv +96;6; njv,1 Wkh yroxph ri lpsruwv iurp Fdqdgd vljqli0
lfdqwo| ghfuhdvhv grphvwlf surgxfwlrq e| durxqg : njv +:15759 njv, iru hyhu|
4 nj lpsruwhg1 Djdlq wkh vljq ri wkhvh frh!flhqwv dsshdu wr eh frqwudu|
wr hvwdeolvkhg plfurhfrqrplf wkhru| gxh wr wkh odjjhg dqg rvfloodwlqj qd0
wxuh ri wkh pdunhw htxloleulxp1 Erwk wkh vkruw0 dqg orqj0uxq frh!flhqwv ri
wkh DGO+4/4/4/4/7/7, prgho lqglfdwh wkdw wkhuh lv lqvx!flhqw hylghqfh iurp
wkh vdpsoh gdwd wr frqfoxgh wkdw lv vwuxfwxudo euhdn ydoxh lv vljql�fdqwo|
gl�huhqw iurp }hur1

Dowhuqdwlyh DGO prghov zhuh dovr frqvlghuhg dqg wkhvh uhvxowv frq�up
wkh uhvxowv rewdlqhg lq wkh DGO+4/4/4/4/3/3, dqg DGO+4/4/4/4/7/7, prghov1
Wkh frh!flhqwv ri wkh lqghshqghqw uhjuhvvruv +VST|3�/ VEIT|3�/ UST|3�/

45DEDUH ^6/ s1 7` dovr irxqg d qhjdwlyh uhodwlrqvkls ehwzhhq surgxfhu sulfhv dqg
grphvwlf surgxfwlrq ri sljphdw1
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FDPST|3�/ dqg FDPYT|3�, duh doo dowhuhg wr d plqru h{whqw dv wkh dgglwlrq
ri odjjhg yduldeohv fdswxuh pruh ri wkh GJS iurp wkh rwkhu yduldeohv1 Wkh
vljqv ri wkh orqj0uxq frh!flhqwv duh urexvw wr wkh gl�huhqw DGO prghov dqg
wkh xqghuo|lqj frqfoxvlrq ri wkh prghov/ wkdw wkh vwuxfwxudo euhdn whup lv
qrw vljql�fdqwo| gl�huhqw iurp }hur lv qrw fkdqjhg1

Wkhvh uhvxowv vxjjhvw wkdw qrw rqo| lv wkh fodlp e| DEDUH/ wkdw wkhuh kdv
ehhq dq lqfuhdvh lq surgxfwlrq/ vkrzq wr eh lqfruuhfw/ exw wkdw wkh revhuyhg
ghfolqh lq grphvwlf surgxfwlrq lq Iljxuh 818 fdq eh dovr dwwulexwhg lq sduw
wr lpsruw yroxphv1

Zkloh wkh DEDUH fodlp ri dq lqfuhdvh lq surgxfwlrq fdq eh h{sodlqhg
e| wkhlu frpsdulvrq ri surgxfwlrq ryhu d vkruw wlph shulrg/ 4<<9=404<<;=4
^6/ s1 7`/ wkhlu dgglwlrqdo fodlp wkdw wkhuh duh rwkhu idfwruv ehvlghv lpsruwv
d�hfwlqj surgxfhu sur�wdelolw| lv wkurzq lqwr grxew e| wkh uhvxowv lq Wd0
eohv ;18 dqg ;191 Dq| idfwruv d�hfwlqj grphvwlf sljphdw surgxfwlrq diwhu
4<<3/ ehvlghv lpsruw yroxphv dqg sulfhv/ duh vxevxphg lqwr wkh vwuxfwxudo
euhdn gxpp|1 Wkh uhvxowv lqglfdwh wkdw wkh vwuxfwxudo euhdn whup lv qrw
vljql�fdqwo| gl�huhqw iurp }hur/ dqg wkxv idfwruv rwkhu wkdq lpsruw yroxphv
dqg sulfhv gr qrw vhhp sod| dq lpsruwdqw uroh lq ghwhuplqlqj wkh GJS iru
grphvwlf sljphdw surgxfwlrq1

Wkh vwuxfwxudo euhdn whup zdv gursshg iurp wkh DGO prghov dqg wkh
DGO prghov zhuh uh0hvwlpdwhg +Vhh Wdeohv ;1: dqg ;1;,1

Wkh uhvxowv duh frqvlvwhqw zlwk wkh suhylrxv prghov zklfk kdg wkh vwuxf0
wxudo euhdn sdudphwhu lqfoxghg1 Lq wkh qhz DGO+4/4/4/4/3/3, prgho hyhu|
fhqw lqfuhdvh lq wkh surgxfhu sulfh gursv grphvwlf surgxfwlrq e| durxqg
43< wrqqhv +43;;7315 njv, lq wkh orqj0uxq zkloh hyhu| fhqw lqfuhdvh lq vdoh0
|dug ehhi sulfhv lqfuhdvhv grphvwlf surgxfwlrq e| durxqg ;: wrqqhv +;:5::1:
njv,1 Lq wkh qhz DGO+4/4/4/4/7/7, prgho hyhu| fhqw lqfuhdvh lq wkh surgxfhu
sulfh gursv grphvwlf surgxfwlrq e| durxqg 437 wrqqhv +4369661; njv, lq wkh
orqj0uxq zkloh hyhu| fhqw lqfuhdvh lq uhwdlo srun sulfhv lqfuhdvhv grphvwlf
surgxfwlrq e| durxqg 96 wrqqhv +9679<14 njv,1 Lpsruwv ri sljphdw kdyh d
vljql�fdqw h�hfw zlwk hyhu| nj ri lpsruwhg surgxfw gursslqj grphvwlf sur0
gxfwlrq e| durxqg : njv +:1374: njv,1

;1: Ryhuvxsso| lq wkh grphvwlf sljphdw pdu0
nhw

Wkh rwkhu dvshfw ri wkh vxsso| uhvsrqvh zh duh lqwhuhvwhg lq lv zkhwkhu wkhuh
kdv ehhq d shuvlvwhqw ryhuvxsso| ri sljphdw lq wkh grphvwlf pdunhw1 Wklv
dvshfw fdq eh h{dplqhg e| irupxodwlqj dq huuru fruuhfwlrq prgho +HFP,
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Wdeoh ;1:= DGO+4/4/4/4/3/3, prgho uhvxowv/ qr vwuxfwxudo euhdn
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf SbSfS.. S.Df�eb b�HHfbe HHbb.HDdf��fbo
��('|3� f�2e2e2 f��.H��
7�'| 3Hfeee�� �H�S.�e 3�fHHef�2 DefDH�Ddf�fD2o
7�'|3� 32f�f�e Df�22�b
7�8'| .��bD�2 2SD�S�� H.2..�. 2Hb�2�2df�ffDo
7�8'|3� 3.f.D�. 2b.H2�2
-�'| 3��bbD�D D2Hf.�b 2.bH��2 2.�ff�Ddf����o
-�'|3� �D�be�b eDH.2�.
����'| 3efeb�� ��Se�� 3D�eD�� e�2D�.df�2feo
���T'| f�ff�2D�2 ��fe�D f�ffe2be2 ���.eDdf�bbHo
'�

| 3SHeSbS. ��bebeH 3bf�.bbS 2bHbHHHdf�ffDo
'2

| ..�HfD�e �DDbbe. �f�H.H� 22�beH2df�Sebo
'�

| 3e2SS�.�S befH2H�b 3DS��S��. �2�b�e�df�Se.o
A �2�Df��D �feHSD�e e2e�H2 �f2�e��Sdf�fffo
-2 f�beHfb

xvlqj wkh orqj0uxq frh!flhqwv1
Wkh huuru fruuhfwlrq prgho dgguhvvhv wkh lvvxh ri lqwhjudwlqj vkruw0uxq

g|qdplfv zlwk wkh orqj0uxq htxloleulxp zlwkrxw orvlqj orqj0uxq lqirupdwlrq1
Uhduudqjlqj wkh jhqhudo DGO prgho +htxdwlrqv :17 dqg :18, zh rewdlq wkh
huuru fruuhfwlrq prgho

{+| ' 3
	R3�-
�'�

�W�{+|3� 3
&-

�'�

	̂�3�-
�'�

qW

��{%�c|3�

3� E�c 	R�.��|3� n
&-

�'�

q�f{%�| n B�{�| n �| +;15,

zkhuh wkh huuru fruuhfwlrq whup lv gh�qhg e|

.��| ' +| 3
&-

�'�

	w�%�| 3 	�
�

�| +;16,

dqg wkh orqj uxq frh!flhqwv duh gh�qhg e| htxdwlrqv :19 dqg :1:1
Wkh HFP +htxdwlrq ;16, vkrzv krz pxfk ri wkh vkrfn +ru glvhtxlole0

ulxp, lq wkh suhylrxv shulrg lv glvvlsdwhg lq wkh fxuuhqw shulrg1 Wkh odujhu
wkh devroxwh ydoxh ri wkh HFP wkh idvwhu wkh uhwxuq wr wkh orqj0uxq htxl0
oleulxp1 Iru d vwdeoh prgho wkh HFP olhv ehwzhhq }hur dqg qhjdwlyh rqh
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Wdeoh ;1;= DGO+4/4/4/4/7/7, prgho uhvxowv/ qr vwuxfwxudo euhdn
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf ��DSf �f. .Hbe2�2 ��.bf �f. HH�H�bSdf�fDeo
��('|3� f��2.D� f��H���
7�'| 3.bH.D�S e�D.2�� 3�f�S���H D2HS��Ddf�fS�o
7�'|3� 3�fDe��. D�.f��H
7�8'| ee.bf�� 2b�2H�2 22�fb�. ef�bfdf�DHeo
7�8'|3� 32D�2D�H �2Dbb�.
-�'| �H2�b�e DDe2b�� S�eSb�� 2.ffH�bdf�f2.o
-�'|3� �.�DD�D eDS2.��
����'| 3bf.D�� HfSS�. �fHb��. SbDD�Ddf��2bo
����'|3� ee�2�S ��Sfb�S
����'|32 e��b�. �fS.e
����'|3� 3��S.b�2 ���bf
����'|3e 2�.fS�e HH2�
���T'| 32�2��b ��Db�. 3.�fe�. ��b�H�df�fHDo
���T'|3� 3f�HDebS ���DbD
���T'|32 3f��eb�� ��ebHH
���T'|3� 3f�H�b2. ���.f2
���T'|3e 32�fHH2 ��SDeb
'�

| 3.2bf2D� �2DSSS� 3H�DDHH2 2Dbbbb.df�ff�o
'2

| �HD�b.�. �S2�2S2 ee�Df2�. �b�f2Sedf�H�bo
'�

| 3e�SSe�� �feHD2H 3DffeS�S �2ff�2�df�bS.o
A 2�H�2H ��.S.b�D 2.2b�D�S �2fD�f�Sdf�f�2o
-2 f�bSe�b
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Wdeoh ;1<= DGO+4/4/4/4/3/3, prgho HFP
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf .f.f2HS SD.eS��df�2Hbo
{7�'| 3bfDHH�S �.DHf�edf�f2�o
{7�8'| .Sb���� 2HfHe�Sdf�ffbo
{-�'| HD�D�2 Df�.H�.df�HHSo
{����'| 3��.e2�� �fD�S�2df�2ffo
{���T'| 3f��f.D. ��fSH�df�..Do
{'�

| 3.�2f�.H �222fDbdf�fffo
{'2

| DbbH�S �Sf2D.2df�bb.o
{'�

| 3DfDf2f�H beDbHH�2df�Db.o
{A ��HbHH�b �fSDbf�bdf�ff�o
{�-.�g e2�febD eDfHD�fdf��DSo
.��|3� 3f�H2��D f��H.�.df�fffo
-2 f�b�De.

E.�� M d3�c f�� Li wkh .�� ' f wkhq wkhuh lv qr uhwxuq wr wkh orqj0uxq
htxloleulxp dqg dq| vkrfn zloo eh shupdqhqw1 Li wkh .�� ' 3� wkhq wkhuh
lv lqvwdqwdqhrxv uhwxuq wr wkh orqj0uxq htxloleulxp +433( zlwklq wkh vdph
wlph shulrg,1 Iru dq xqvwdeoh prgho wkh devroxwh ydoxh ri wkh HFP lv juhdwhu
wkdq 4 E.�� M d3"c3���1

Wkh uhvxowv ri wklv prgho duh suhvhqwhg lq Wdeohv ;1< wr ;1451 Luuhvshfwlyh
ri wkh sduwlfxodu prgho fkrvhq wkh uhvxowv vkrz wkdw wkh HFP lv vljql�fdqw/
lqglfdwlqj wkdw ryhuvxsso| grhv rffxu lq wkh vxsso| uhvsrqvh ri sljphdw wr
fkdqjhv lq sulfhv dqg rwkhu idfwruv1 Wkh frh!flhqw ri wkh HFP lv txlwh
odujh/ udqjlqj iurp durxqg 031;5 wr 031<3/ ghshqglqj rq wkh DGO prgho
fkrvhq/ lqglfdwlqj wkdw wkhuh lv d yhu| udslg uhwxuq wr wkh htxloleulxp diwhu
d vkrfn1

Sorwwlqj wkh lpsxovh0uhvsrqvh ixqfwlrq iru grphvwlf surgxfwlrq ri slj0
phdw iurp wkh YDU prgho lq fkdswhu 45 vkrzv krz wkh lpsdfw ri dq h{rjh0
qrxv vkrfn wr wkh ghshqghqw yduldeoh lv vsuhdg ehwzhhq wkh yduldeohv ri wkh
v|vwhp +Vhh Iljxuh ;144,1 Wkh uhvxowv ri wkh YDU prgho frq�up wkh �qglqjv
ri wkh vlqjoh htxdwlrq DGO prghov hvwlpdwhg lq wklv fkdswhu1 D rqh vwdqgdug
huuru vkrfn wr surgxfwlrq lq wkh fxuuhqw wlph shulrg uhwxuqv doo exw durxqg
31335 ri surgxfwlrq wr wkh orqj0uxq htxloleulxp lq wkh �uvw wlph shulrg diwhu
wkh vkrfn1 Lq vxevhtxhqw shulrgv wkh glvhtxloleulxp rvfloodwhv durxqg wkh
orqj0uxq htxloleulxp exw qhyhu h{fhhgv pruh wkdq durxqg 3133; gl�huhqfh
iurp wkh orqj0uxq htxloleulxp1 Wkh uhvxowv duh ri vlplodu pdjqlwxgh iru wkh
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Wdeoh ;143= DGO+4/4/4/4/7/7, prgho HFP
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf ��Sfffff .H.�.Hedf�fbeo
{7�'| 3bSSeD�2 e�fff�Ddf�f2Do
{7�8'| e�.e.�D �fD.D�Hdf��S2o
{-�'| DD�2S DD�eb�.df��2.o
{����'| 32�S.b�. �befedf�2.2o
{����'|3� 3�2�fe�H .bDe�Hdf���Ho
{����'|32 3eb�b�e bbDb�Hdf�S2�o
{����'|3� 32�HbH�H HbSb�.df�f2fo
{���T'| 32��ee� ��S�SDdf��beo
{���T'|3� 2�bHeH 2�2ffHdf��HDo
{���T'|32 ��2�H. ��.�H�df�f.fo
{���T'|3� 2��2.f ��SbeSdf�2�bo
{'�

| 3..�Hb2� ��H�HD2df�fffo
{'2

| 3D��HfD�� �.D�ef.df�..2o
{'�

| 3��ef�b�b �fS2.f�df�b�Do
{A 2.�SDD�� �2SH�D�Hdf�fefo
{�-.�g �b.�fSH S2S�SbDdf�D�fo
.��|3� 3f�Hb.be f��HH�fdf�fffo
-2 f�bef2e

Wdeoh ;144= DGO+4/4/4/4/3/3, prgho HFP/ qr vwuxfwxudo euhdn
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf SbSfS.. S.Df�ebdf��fbo
{7�'| 3Hfeee�� �H�S.�edf�fe2o
{7�8'| .��bD�2 2SD�S��df�ffbo
{-�'| 3��bbD�D D2Hf.�bdf�.b2o
{����'| 3efeb�� ��Se��df�2�So
{���T'| f�ff�2D�2 ��fe�Ddf�bbHo
{'�

| 3SHeSbS. ��bebeHdf�fffo
{'2

| ..�HfD�e �DDbbe.df�S2eo
{'�

| 3e2SS�.�S befH2H�bdf�SD�o
{A �2�Df��D �feHSD�edf�ffeo
.��|3� 3f�.D.DH f��.H��df�fffo
-2 f�b�S�.
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Wdeoh ;145= DGO+4/4/4/4/7/7, prgho/ qr vwuxfwxudo euhdn HFP
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf ��DSf �f. .Hbe2�2df�fD.o
{7�'| 3.bH.D�S e�D.2��df�fSeo
{7�8'| ee.bf�� 2b�2H�2df���eo
{-�'| �H2�b�e DDe2b��df�ebSo
{����'| 3bf.D�� HfSS�.df�2Sbo
{����'|3� 3�e�eS�b .2D.df�fSfo
{����'|32 3�ff2.�2 H�eb�Ddf�22Ho
{����'|3� 32�.fS�e HH2�df�f2fo
{���T'| 32�2��b ��Db�.df��.�o
{���T'|3� ��fDSH 2��.D�df��.fo
{���T'|32 2�bf.D ��Seebdf�fH.o
{���T'|3� 2�fHH2 ��SDebdf�2�So
{'�

| 3.2bf2D� �2DSSS�df�fffo
{'2

| �HD�b.�. �S2�2S2df�H�eo
{'�

| 3e�SSe�� �feHD2Hdf�bS.o
{A 2�H�2H ��.S.b�Ddf�fD2o
.��|3� 3f�H.2e. f��H���df�fffo
-2 f�be2Df
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     Generalised Impulse Responses to one SE shock in the equation for DPPDQ
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Iljxuh ;144= Jhqhudolvhg Lpsxovh Uhvsrqvh Ixqfwlrq iru surgxfwlrq ri slj0
phdw

rwkhu yduldeohv lq wkh grphvwlf surgxfwlrq htxdwlrq ri wkh YDU prgho1
Wkh uhvxowv lq wklv vhfwlrq lqglfdwh wkdw dq| ryhuvxsso| lq sljphdw sur0

gxfwlrq lv olnho| wr eh yhu| vkruw0olyhg dqg wkxv wkh fodlpv e| GSLH/ wkdw
wkhuh lv dq ryhuvxsso| lq sljphdw surgxfwlrq fdxvlqj d ghsuhvvlrq lq sljphdw
sulfhv/ gr qrw dsshdu wr eh vxssruwhg1

;1; Vxppdu|
Wklv fkdswhu kdv h{dplqhg wkh idfwruv d�hfwlqj grphvwlf sljphdw surgxfwlrq
lq Dxvwudold wr ghwhuplqh zkhwkhu wkhuh kdv ehhq dq lqfuhdvh lq surgxfwlrq/
ru d shuvlvwhqw ryhuvxsso| lq grphvwlf sljphdw/ zklfk frxog kdyh frqwulexwhg
wr dq dfxwh ghsuhvvlrq lq surgxfhu sulfhv ryhu wkh shulrg 4<<3=404<<:=5/ fru0
uhvsrqglqj wr wkh lqwurgxfwlrq ri lpsruwv iurp Fdqdgd1 Zh vkrz wkdw wkh
lqfuhdvh lq surgxfwlrq/ dv fodlphg e| DEDUH ^6`/ rqo| uhihuv wr wkh shulrg
ehwzhhq 4<<8 dqg 4<<;/ d wlph zkhq surgxfwlrq zdv lq idfw ehorz klvwrulfdo
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sdwwhuqv1 Prghoolqj zrun lqglfdwhv wkdw wkhuh kdv ehhq d fkdqjh lq wkh xq0
ghuo|lqj vxsso| uhvsrqvh ri wkh grphvwlf slj lqgxvwu| dqg wkdw surgxfwlrq lv
lq idfw vljql�fdqwo| ehorz klvwrulfdo sdwwhuqv1 Hyhu| fhqw lqfuhdvh lq wkh sur0
gxfhu sulfh gursv grphvwlf surgxfwlrq e| durxqg 433 wrqqhv zkloh hyhu| fhqw
lqfuhdvh lq vdoh|dug ehhi sulfhv lqfuhdvhv grphvwlf surgxfwlrq e| ehwzhhq 93
dqg <3 wrqqhv1 Lpsruwv ri sljphdw kdyh d vljql�fdqw h�hfw zlwk hyhu| nj ri
lpsruwhg surgxfw gursslqj grphvwlf surgxfwlrq e| durxqg : njv1

Frpelqhg zlwk fkdswhu :/ lqglfdwlqj wkdw lpsruw yroxphv dqg sulfhv kdyh
gulyhq surgxfhu sulfhv grzq/ wkh lpsolfdwlrq lv wkdw lpsruwv duh furzglqj rxw
grphvwlf surgxfwlrq/ lpsruw sulfhv duh gulylqj surgxfhu sulfhv grzq/ dqg wkh
frqfrplwdqw ghsuhvvlrq lq surgxfhu sulfh kdv gulyhq surgxfwlrq grzq hyhq
ixuwkhu1

Lq whupv ri zkhwkhu d shuvlvwhqw ryhuvxsso| lq surgxfwlrq kdv ehhq wkh
fdxvh ri orz surgxfhu sulfhv/ prghoolqj zrun lqglfdwhv wkdw surgxfhuv uh0
vsrqg txlfno| wr pdunhw vljqdov dqg dq| ryhuvxsso| lq grphvwlf sljphdw lv
fohduhg/ wr doo lqwhqwv dqg sxusrvhv/ zlwklq rqh wlph shulrg +6 prqwkv,1 Wklv
lv frq�upv wkh vshfwudo dqdo|vlv uhvxowv1 Ghfolqhv lq sljphdw frqvxpswlrq
kdyh qrw uhvxowhg lq dq ryhuvxsso| ri sljphdw lq wkh grphvwlf pdunhw dv
surgxfwlrq kdv iroorzhg fkdqjhv lq frqvxpswlrq1
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Fkdswhu <

Wkh h�hfw ri lpsruwv rq
zkrohvdoh sulfhv

<14 Lqwurgxfwlrq
Wkh Surgxfwlylw| Lqtxlu| lqwr wkh slj dqg sljphdw lqgxvwu| lvvxhv sdshu ^:9`
kdv vwdwhg wkdw lw lv qhfhvvdu| wr hvwdeolvk vhulrxv lqmxu| wr wkh grphvwlf
lqgxvwu| surgxflqj �olnh� ru �gluhfwo| frpshwlwlyh� surgxfwv wr lpsruwv1 Lq
wklv fkdswhu zh dwwhpsw wr dgguhvv wkh lvvxh ri vhulrxv lqmxu| wr �olnh� surg0
xfwv1 Wklv dqdo|vlv lv vhyhuho| kdpshuhg e| odfn ri dghtxdwh gdwd1 Wkh sulfh
vhulhv iru �olnh� surgxfwv zrxog eh wkh zkrohvdoh sulfh iru erqh0rxw srun ohj/
exw wklv gdwd kdv qrw ehhq dydlodeoh1 Wkh rqo| lqgxvwu|0zlgh gdwd wkdw lv
dydlodeoh lv wkh V|gqh| pdunhw zkrohvdoh sulfh iru srun ohj vtxduh fxw +erqh0
lq, ^::`1 Wkh dujxphqw iru xvlqj wklv vhulhv lv wkdw wkh erqlqj0rxw surfhvvlqj
vwdjh zloo dgg d frqvwdqw pdun0xs sulfh zhgjh dqg vr wkh gdwd jhqhudwlqj
surfhvv +GJS, iru erqh0rxw srun ohj zloo eh gluhfwo| frpsdudeoh zlwk wkh
GJS iru erqh0lq srun ohj1 Lw lv lpphgldwho| reylrxv wkdw wklv dujxphqw lv
whqxrxv1 D vlplodu orjlf zrxog suhvxssrvh wkdw wkhuh lv d frqvwdqw pdun0xs
ehwzhhq surgxfhu dqg uhwdlo sulfhv dqg wkdw wkrvh GJSv zrxog eh wkh vdph1
Iljxuh 814 vkrzv wkdw wkh GJSv iru surgxfhu dqg uhwdlo sulfhv duh wrwdoo|
gl�huhqw dqg duh d ixqfwlrq ri wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh lqgxvwu| dw
wkrvh sduwlfxodu vwdjhv1 Qhyhuwkhohvv/ lw lv ghvludeoh wr ghwhuplqh zkhwkhu
lpsruwv kdyh d�hfwhg erqh0lq sulfhv dv wklv zloo jlyh dqrwkhu lqglfdwlrq ri
wkh phfkdqlvp e| zklfk lpsruwv vxssuhvv surgxfhu sulfhv1

Wkh gdwd vhulhv lv wkh V|gqh| pdunhw zkrohvdoh sulfh iru srun ohj vtxduh
fxw +erqh0lq, dqg fryhuv wkh shulrg 4<<6=8 wr 4<<;=; +l1h1 prqwko| gdwd,1 Wklv
wlph vhulhv lv h{wuhpho| vkruw/ fryhulqj rqo| 97 revhuydwlrqv dqg wkxv lw zdv
ghvludeoh wr xvh prqwko| gdwd udwkhu wkdq txduwhuo| gdwd1 Wkh fruuhodwlrq
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Wdeoh <14= Fruuhodwlrq Pdwul{ iru Prqwko| Gdwdvhw
7�8� 7��u 7�� -��

7�8� ��ffff
7��u 3f�e.He� ��ffff
7�� 3f��eDeH f�2�f.f ��ffff
-�� 3f�.bH�b f��Sf.2 f�2He.� ��ffff
`�� f�f�D�ef 3f�ff2D.SD f�.S.Db f�f.ee.H
��-�(� f�2DbfD 3f�feS�e. 3f�eD.H. 3f��fbDS
���T� 3f�De�He f��efDe f��S�f� f�.�f2�
����� f�feeD�S f�fD2��2 f�2.�bH f��Heff

`�� ��-�(� ���T� �����
`�� ��ffff
��-�(� 3f��e�Db ��ffff
���T� f�fe.HbH 3f�fbD.He ��ffff
����� f��2eDe 3f��eHHS f��efbD ��ffff

pdwul{ iru wkh gdwdvhw lq prqwko| irupdw lv suhvhqwhg lq Wdeoh <1441
Wkh fruuhodwlrq pdwul{ vkrzv wkdw wkhuh lv d uhdvrqdeoh uhodwlrqvkls eh0

wzhhq zkrohvdoh sulfhv dqg surgxfhu sulfhv ri 31:9; exw doo rwkhu yduldeohv
vkrz d orz uhodwlrqvkls zlwk zkrohvdoh sulfhv1

<15 Whvwlqj iru vwuxfwxudo euhdnv
Lq rughu wr whvw wkh grphvwlf zkrohvdoh sulfh ri sljphdw iru d vwuxfwxudo
euhdn d prgho fdswxulqj krz wkh yduldelolw| lq grphvwlf zkrohvdoh sulfh ri
sljphdw lv h{sodlqhg e| wkh yduldelolw| lq/ iru h{dpsoh/ surgxfwlrq/ qhhgv wr
eh ghyhorshg1 Li wkh Fkrz whvw lqglfdwhv wkdw d vwuxfwxudo euhdn kdv fkdqjhg
wkh ydoxhv ri wkh sdudphwhuv lq wkh prgho/ wkhq h{whuqdo idfwruv +vxevxphg
lqwr wkh vwuxfwxudo euhdn, h{sodlq pruh ri wkh yduldwlrq lq grphvwlf zkrohvdoh
sulfh ri sljphdw suh0 dqg srvw0euhdn wkdq wkh xqghuo|lqj GJS1

Zh irupxodwh d prgho ri grphvwlf zkrohvdoh sulfh lq wkh irup

+| ' kJ n k�A n
�-
�'�

q�%�| n 0| +<14,

4Lq rughu wr hvwlpdwh wkh uhodwlrqvkls ehwzhhq zkrohvdoh sulfhv dqg uhwdlo sulfhv/ zklfk
duh rqo| dydlodeoh lq txduwhuo| iuhtxhqf|/ lw zdv ghflghg wr glvdjuhjdwh wkh uhwdlo sulfh
vhulhv1 Dowkrxjk wklv surfhgxuh lv qrw vwdwlvwlfdoo| dffhswdeoh/ lw zdv ihow wkdw wkh uhwdlo
vhulhv glg qrw h{klelw odujh hqrxjk yduldelolw| wr pdnh d pdmru gl�huhqfh wr wkh uhodwlrqvkls
ehwzhhq uhwdlo dqg zkrohvdoh sulfhv1
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Wdeoh <15= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn L
Hvwlpdwlrq Shulrg

<6=9 wr <:=43 <6=9 wr <;=9
Sdudphwhuv 	q� 7	q

�

	q� 7	q
�

kJ f�f2SHDD f��bD�S dfHb�o f�f�fbD. f��DeSD df�beeo
A 3f�2fbHf �f3e f�efHff �f3e df�bDbo f�S2fff �f3D f���Hef �f3� df�bHDo
7�� f��S..2 f�2��D2 df��2Do f��.HSe f��bSS. df�fS�o
7�8� 3f�ffbeSeD f��De�� df�bD�o 3f�fD�b2. f��2DDe df�S.fo
-�� f�Sfe�S ���.ef df�S�fo 3f�fbHb�b f�H.SH� df�b��o
��-�(� f���DH� f�fHb2.� df�2f�o f��2S�. f�f.b�2e df���bo
���T� 3f�ffH�f�D f�f�fS.f2 df�S��o 3f�ffbHe�D f�f��SSe df�e.Do
����� 3f�f2eeef f�fS.H�� df�.2�o 3f�f2.�2f f�fDbeS� df�SeHo
��

| 3f�fb2�fb f�fe2D2D df�f�.o 3f�fH2eee f�f�2eeH df�f�Do
�2

| 3f�fSb�SH f�f�e�2� df�fD2o 3f�fSe��f f�f2Hebe df�f2bo
��

| 3f�f�.DSH f�f�D..S df��f�o 3f�f��2fD f�f2Hb�. df�2H.o
�e

| 3f�f2�SHD f�f�Dbbf df�D�Do 3f�f�SH2f f�f�fDe df�DHDo
�D

| 3f�feSSHD f�f�eb2D df��bfo 3f�fD�DeH f�f2HDf� df�fS.o
�S

| 3f�ffeDH.f f�f�f�S� df�HH�o 3f�ffD�2He f�f2DbbH df�HeDo
�.

| f�ff�HHDe f�f�HfbD df�bS�o f�f��b.S f�f��bSS df�.2So
�H

| f�ffb���� f�f���bb df�..�o f�f����2 f�f2H��. df�Se�o
�b

| 3f�f�f��. f�f��DSH df�.eSo 3f�ffSDH�D f�f2.b.� df�H�Do
��f

| 3f�ffS2bS2 f�feffe� df�H.So f�ffb��e� f�f�2H2D df�.H�o
���

| f�f�fbe� f�f�2H�b df��D�o f�f��2e. f�f2.2ff df�22Ho
-2 f�S�fe� f�Se�22
OPIE_s� ��SSSfE�2c22� ��HD2fE�2c�f�
UVV f�fS.�H. f�f.�D.2
FkrzE_s� f��2SfDEHce2�

zkhuh wkh hqgrjhqrxv yduldeoh lv wkh zkrohvdoh sulfh ri srun +ZSP, dqg
wkh h{rjhqrxv yduldeohv ehlqj wkh vdoh|dug sulfh iru edfrqhuv +VSP,/ wkh
vdoh|dug sulfh ri fdwwoh +VEIP,/ wkh uhwdlo sulfh iru srun +USP,/ wkh grphvwlf
surgxfwlrq ri sljphdw +SSGP, +lq wrqqhv, / wkh lpsruw yroxphv dqg sulfhv
iru Fdqdgldq sljphdw +FDQYP dqg FDQSP uhvshfwlyho|, dqg wkh 4r| wr
44|� vhdvrqdo gxpp|1 Wkh prgho lv hvwlpdwhg iurp 4<<6=8 wr 4<<:=43 dqg
wkhq iru wkh ixoo vdpsoh shulrg wr 4<<;=; zlwk wkh yduldeohv lq orj0vwdwlrqdu|
irup +Vhh Wdeoh <15,1

Wkh uhvxowv lqglfdwh wkdw wkh gdwd jhqhudwlqj surfhvv iru zkrohvdoh sulfhv
lv qrw vljql�fdqwo| fkdqjhg diwhu 4<<:=43/ lpso|lqj wkdw wkh qhz lpsruw
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surwrfrov iru sljphdw kdyh qrw kdg dq lpsdfw rq zkrohvdoh sulfhv51 Wklv
uhvxow lv frq�uphg e| wkh YHF prgho uhvxowv lq fkdswhu 471

<16 Prghoolqj zkrohvdoh sulfhv
Zkloh wkh uhvxowv lq wkh suhylrxv vhfwlrq lqglfdwh wkdw wkhuh kdv qrw ehhq
dq| vljql�fdqw h�hfw ri wkh qhz lpsruw surwrfrov rq wkh gdwd jhqhudwlqj
surfhvv xqghuo|lqj zkrohvdoh sulfhv/ rqh ri wkh txhvwlrqv zh zrxog olnh wr
dqvzhu lv zkhwkhu lpsruwv shu0vh kdyh kdg dq h�hfw rq zkrohvdoh sulfhv1 Zh
irupxodwh dq Dxwruhjuhvvlyh Glvwulexwhg Odj +DGO, prgho zklfk dwwhpswv
wr fdswxuh wkh zkroh gdwd jhqhudwlqj surfhvv xqghuo|lqj wkh irupdwlrq ri
zkrohvdoh sulfhv1

Wkh prgho lv d zkrohvdoh sulfh prgho hvwlpdwhg iurp 4<<6=: wr 4<<;=9
dqg lv lq ohyhov irup lq dq dwwhpsw wr rewdlq phdqlqjixo sdudphwhu ydoxhv1
Wkh zkrohvdoh sulfh +ZSP, lv uhjuhvvhg rq wkh vdoh|dug sulfh iru edfrqhuv
+VSP,/ wkh uhwdlo sulfh iru srun +USP,/ wkh vdoh|dug sulfh iru fdwwoh +VEIP,/
wkh surgxfwlrq ri sljphdw +SSURGP,/ lpsruw yroxphv ri Fdqdgldq sljphdw
+FDQYP,/ lpsruw sulfhv iru Fdqdgldq sljphdw +FDQSP, dqg wkh 4r| wr 44|�

vhdvrqdo gxpp| dqg d vwuxfwxudo euhdn whup iru srvw 4<<:=43 gdwd1 Gl�huhqw
prgho odj ohqjwkv zhuh fkrvhq e| wkh lqirupdwlrq fulwhulrq1 Edvhg rq wkh
gldjqrvwlf whvwv wkh pruh dssursuldwh prgho zdv wkh rqh vhohfwhg e| wkh VEF1
Wkh DGO+4/3/3/3/3/3/3, prgho wkdw zdv vhohfwhg h{klelwhg vljql�fdqw vhuldo
fruuhodwlrq61 Wkh uhvxowv duh suhvhqwhg lq Wdeoh <16 71

Zkloh prgho vxjjhvwv wkdw lpsruw yroxphv ghfuhdvh zkrohvdoh sulfhv e|
b��.D2f*&} iru hyhu| 4333 wrqqhv lpsruwhg/ wkh vwdqgdug huuru lv yhu| odujh
lqglfdwlqj wkdw qr frq�ghqfh fdq eh dwwdfkhg wr wklv hvwlpdwh1

Wkh uhvxowv lqglfdwh wkdw zkrohvdoh sulfhv duh qrw vljql�fdqwo| lq xhqfhg
e| dq| ri wkh yduldeohv lq wkh uhjuhvvlrq prgho/ lpso|lqj wkdw wkh GJS

5Wkhuh lv d txhvwlrq ri zkhwkhu wkh xvh ri txduwhuo| gdwd zrxog fkdqjh wkh uhvxowv iru
wkh vwuxfwxudo euhdn whvw1 Uh0uxqqlqj wkh Fkrz whvw rq txduwhuo| gdwd lqglfdwhv wkdw wkh
gdwd jhqhudwlqj surfhvv kdv qrw vljql�fdqwo| fkdqjhg diwhu 4<<:=71

6Wkh vhuldo fruuhodwlrq frxog qrw eh holplqdwhg zlwk wkh dgglwlrq ru uhgxfwlrq lq odj
ohqjwk1 Lw lv srvvleoh wkdw pruh wkdq irxu odjv duh uhtxluhg wr holplqdwh vhuldo fruuhodwlrq1
Jlyhq wkh qxpehu ri yduldeohv lq wkh prgho wkh vhdufk dojrulwkp wdnhv d surklelwlyh dprxqw
ri frpsxwhu wlph wr uhjuhvv Een ��. ' .H�2D htxdwlrqv1 Hyhq lqfuhdvlqj wkh odj ohqjwk wr
mxvw 8 odjv uhtxluhv 2.bb�S htxdwlrqv wr eh hvwlpdwhg1

7Wkh s0ydoxhv iru wkh orqj uxq frh!flhqwv duh lqfoxghg zlwk wkhlu uhvshfwlyh vwdqgdug
huuruv1 Wkh s0ydoxhv lqglfdwh wkh suredelolw| ri idovho| uhmhfwlqj wkh qxoo k|srwkhvlv +Mf G
q ' f, iru wkdw sduwlfxodu sdudphwhu1 Wkh s0ydoxhv duh lqwhusuhwhg vxfk wkdw li ER 	 f���
wkhq wkh sdudphwhu lq txhvwlrq lv vljql�fdqwo| juhdwhu ru ohvv wkdq +ghshqglqj rq wkh
vljq ri wkh sdudphwhu, }hur1 Li ER 	 f�fD� wkhq wkh sdudphwhu lq txhvwlrq lv vljql�fdqwo|
gl�huhqw iurp }hur1
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Wdeoh <16= DGO+4/3/3/3/3/3/3, prgho uhvxowv
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf 2.��S�.D 2fb�SHbb HSb�Hb�H SSS�H.DD df�2ffo
`��|3� f�SHDeS f����ff
7�� f��S�Se f��HbDe f�D2f2S f�S��fb df�effo
-�� f�f.�.e� f��SbbS f�22Hfb f�DfS�. df�SDDo
7�8� 3f�2�eS. f��H.f. 3f�.eSfS f�.ff�H df�2b�o
��-�(� f�ff�bf�b f�ff���eD f�ffSfeS. f�ffD��2. df�2S2o
���T� 3f�2bebf �f3D f�bb.�f �f3D 3f�b�.Df �f3D f���f.f �f3e df�..Ho
����� f�fDbe�2 f�fD2�2e f��HHbD f��Hb2f df��2eo
A 3f�fDbbe� f��b.e� 3��bfD. ��2�b� df��2So
7�
| 32b�bH�2 b�eDD. 3bD���Sb Df�..�. df�SHo

72
| 32e�eb.� b�e2be 3..�HH2D �e�e2.S df�f2bo

7�
| 32��H.SD �f��D�2 3.D�bfHb ���2Sb. df�f2Ho

7e
| 32���fbe �2�SeDH 3.��e.ff ef�2S�f df�f.So

7D
| 32.�b�2f �2�2fD. 3HH�Hf2f e��ee22 df�f�Ho

7S
| 3�b�2�DD �2�22�S 3S���De� �e�Hfe� df�fH.o

7.
| 3H�2.Df ���fHD. 32S��fHf 2b�bSD� df��HDo

7H
| 3e�b22. b�Sf2e 3�D�SDfe 2.�e�DH df�D.�o

7b
| 3b�DD�. H�b2S� 3�f��.�e 2D�f..2 df�2��o

7�f
| 3e�bSfD b�HH2e 3�D�..fD 2H���fe df�DH�o

7��
| b�fD2D H��bS. 2H�.Hff ���.ef. df��bbo

�-.�gb.G�� D�2eef b�f�e2 �S�S.�H ���f2ef df�Dbeo
-2 f�bfbHb
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iru zkrohvdoh sulfhv ghshqgv rq rwkhu idfwruv1 Wklv uhvxow lv xqxvxdo/ dv
zh h{shfwhg wkdw zkrohvdoh sulfhv zrxog kdyh vrph uhodwlrqvkls zlwk hlwkhu
uhwdlo ru surgxfhu sulfhv/ frqvlghulqj wkdw wkhuh zdv d uhodwlrqvkls irxqg
ehwzhhq uhwdlo sulfhv dqg surgxfhu sulfhv lq fkdswhu 43 dqg lq wkh YHF
prghov suhvhqwhg lq fkdswhuv 46 dqg 471 Rqh vxjjhvwlrq iru wklv uhvxow lv
wkdw zkrohvdoh sulfhv/ olnh uhwdlo sulfhv/ duh lq xhqfhg e| fkdqjlqj sulfhv ri
forvh vxevwlwxwhv pruh wkdq sulfhv ixuwkhu xs dqg grzq wkh pdunhwlqj fkdlq1
Xqiruwxqdwho| gdwd lv qrw dydlodeoh rq zkrohvdoh sulfhv rwkhu wkdq wkdw ri
wkh V|gqh| pdunhw zkrohvdoh sulfh iru srun ohj vtxduh fxw +erqh0lq, dqg wklv
sursrvlwlrq fdqqrw eh whvwhg dw wklv vwdjh1

Zkrohvdoh sulfh gdwd iurp Gduolqj Grzqv Edfrq +GGE, zdv nlqgo| sur0
ylghg wr xv e| NSPJ Pdqdjhphqw Frqvxowlqj/ zkr kdg ehhq dvnhg e|
GGE wr surylgh d vxeplvvlrq wr wkh Surgxfwlylw| Frpplvvlrq Lqtxlu| rq
wkhlu ehkdoi1 Zh duh deoh wr frqvwuxfw d YHF prgho orrnlqj dw sulfh h�hfwv
gxh wr vxevwlwxwdelolw| ehwzhhq surgxfwv dw wkh zkrohvdoh vwdjh dqg hvwlpdwh
wkh h�hfw ri lpsruwv rq GGE zkrohvdoh sulfhv1 Dv wkh gdwd shuwdlqv wr rqo|
GGE dqg qrw wr wkh zkroh lqgxvwu|/ dqg wkh uhvxowv iurp wkh prghoolqj h{0
huflvh zloo irup sduw ri wkh GGE vxeplvvlrq zh rqo| surylgh d v|qrsvlv ri
wkh uhvxowv1

D frpsdudeoh surgxfw pdqxidfwxuhg e| GGE wr wkh srun ohj vtxduh fxw
+erqh0lq, surgxfw lv wkh Vprnhg Kdp +erqh0lq,1 Wkh uhvxowv ri wkh YHF
prgho vxjjhvw wkdw sulfh fkdqjhv lq wklv surgxfw olqh duh uhodwhg wr fkdqjhv
lq Fkdpsdjqh Kdp +erqh0rxw,/ Surfhvvhg Edfrq/ dqg Iur}hq Srun1 Lpsruw
yroxphv dqg sulfhv gr qrw vhhp wr kdyh dq h�hfw rq wklv surgxfw olqh1

D surgxfw zklfk lv gluhfwo| frpsdudeoh zlwk lpsruwv lv wkh Fkdpsdjqh
Kdp +erqh0rxw,1 Wklv surgxfw olqh*v sulfhv duh lq xhqfhg vljql�fdqwo| e|
erwk lpsruw yroxphv dqg sulfhv/ zlwk hyhu| 4333 wrqqhv ri lpsruwv gursslqj
wkh sulfh e| mf�.f�b � f��H��*&} dqg hyhu| '4133 lqfuhdvh lq lpsruw sulfhv
lqfuhdvlqj wkh zkrohvdoh sulfh e| D2f*&}� Lq dgglwlrq wr wkh gluhfw h�hfwv ri
lpsruwv/ pdunhw frqglwlrqv diwhu wkh Qryhpehu 4<<: lpsruw surwrfro fkdqjhv
kdyh uhvxowhg lq Fkdpsdjqh Kdp sulfhv gursslqj e| m��2.22� f��2Df�*&}�

Surfhvvhg Vkrxoghu Kdp/ d surgxfw zklfk lv dovr dq dv0olnh surgxfw
wr lpsruwv/ lv dovr vljql�fdqwo| d�hfwhg e| lpsruwv/ zlwk lpsruw yroxphv
ghsuhvvlqj wkh sulfh e| mf�2Sb2 � f��feb*&} iru hyhu| 4333 wrqqhv ri lp0
sruwv dqg hyhu| '4133 lqfuhdvh lq lpsruw sulfhv ghfuhdvlqj wkh sulfh e|
2�HDD.� f�H�DH2f*&}�

Rwkhu surgxfw olqhv/ zklfk duh qrw dv0olnh surgxfwv wr lpsruwv/ gr qrw
vkrz dq h�hfw ri lpsruwv1 Judqjhu Fdxvdolw| whvwv lqglfdwh wkdw lpsruw
yroxphv dqg sulfhv vljql�fdqwo| fdxvh fkdqjhv lq Surfhvvhg Vkrxoghu Kdp
sulfhv1
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<17 Vxppdu|
Wklv fkdswhu kdv h{dplqhg wkh h�hfw ri lpsruwv rq zkrohvdoh sulfhv1 Wkh uh0
vxowv lqglfdwh wkdw wkh V|gqh| pdunhw zkrohvdoh sulfh iru srun ohj vtxduh fxw
+erqh0lq, kdv qrw ehhq vljql�fdqwo| d�hfwhg e| wkh lqwurgxfwlrq ri lpsruwv
diwhu 4<<3 dqg wkh fkdqjh lq lpsruw surwrfrov diwhu Qryhpehu 4<<:1 Wkh
prghoolqj uhvxowv lqglfdwh wkdw uhwdlo dqg surgxfhu sulfhv/ dqg surgxfwlrq
yroxphv gr qrw lq xhqfh wkh gdwd jhqhudwlqj surfhvv xqghuo|lqj fkdqjhv lq
wkh zkrohvdoh sulfh vhulhv/ lqglfdwlqj wkdw rwkhu idfwruv kdyh pruh lq xhqfh/
vxfk dv sulfhv ri rwkhu surgxfw olqhv dw wkh vdph surfhvvlqj ohyho1

Zkloh wkh zkrohvdoh sulfh iru srun ohj vtxduh fxw +erqh0lq, lv wkh rqo|
dydlodeoh sulfh vhulhv wkdw sur{lhv zkrohvdoh sulfhv rq d qdwlrqdo ohyho wklv
surgxfw lv qrw gluhfwo| frpsdudeoh zlwk lpsruwv/ zklfk duh erqh0rxw1

Xvlqj gdwd rewdlqhg iurp Gduolqj Grzqv Edfrq +GGE, dqg shuwdlqlqj
rqo| wr wkhlu lqglylgxdo flufxpvwdqfhv/ zh duh deoh wr vkrz wkdw sulfhv iru
GGE surgxfw olqhv duh vljql�fdqwo| d�hfwhg e| fkdqjhv lq rwkhu surgxfwv dw
wkh vdph surfhvvlqj vwdjh1 GGE surgxfw olqhv kdyh ehhq vljql�fdqwo| d�hfwhg
e| lpsruwv zlwk dv0olnh surgxfwv/ vxfk dv Fkdpsdjqh Kdp +erqh0rxw, dqg
Surfhvvhg Vkrxoghu Kdp uhjlvwhulqj ghfolqhv lq sulfhv ri mf�.f�b�f��H��*&}
dqg mf�2Sb2� f��feb*&} iru hyhu| 4333 wrqqhv ri lpsruwv uhvshfwlyho|1

Lq dgglwlrq/ pdunhw frqglwlrqv diwhu wkh Qryhpehu 4<<: lpsruw surwrfro
fkdqjhv kdyh uhvxowhg lq Fkdpsdjqh Kdp sulfhv gursslqj e| m��2.22 �
f��2Df�*&}�
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Fkdswhu 43

Wkh h�hfw ri lpsruwv rq uhwdlo
sulfhv

4314 Lqwurgxfwlrq
Wkh uhfhqw ghedwh ryhu wkh h�hfw ri lpsruwv ri sljphdw iurp Fdqdgd rq wkh
sulfhv dqg sur�wdelolw| ri wkh Dxvwudoldq slj lqgxvwu| kdv fhqwuhg durxqg
wkh lvvxh ri zkhwkhu wkh ghfolqh lq surgxfhu sulfhv iru sljphdw kdv ehhq
d uhvxow ri lpsruwv ru d uhvxow ri hlwkhu ghfolqlqj frqvxpswlrq ri sljphdw
dv frqvxphuv vxevwlwxwh fkhdshu ehhi/ odpe/ dqg fklfnhq iru sljphdw ru dq
lqfuhdvhg surgxfwlrq ri sljphdw dv surgxfhuv dwwhpsw wr pdlqwdlq uhyhqxh1

Zkloh frqvxpswlrq ri sljphdw kdv lqghhg ehhq idoolqj wklv kdv ehhq
pdwfkhg e| d fruuhvsrqglqj ghfolqh lq grphvwlf vxsso| ^7`/ vxjjhvwlqj wkdw
dq| ghfolqh lq surgxfhu sulfh lv qrw gxh wr lqfuhdvhg surgxfwlrq1 Wkh rwkhu
lvvxh ri sljphdw dqg rwkhu phdw vxevwlwxwlrq lv frqwlqjhqw rq wkh dvvxpswlrq
wkdw fkdqjhv lq uhwdlo sulfhv dqg fkdqjhv lq surgxfhu sulfhv duh olqnhg1 Ilj0
xuh 814 vxjjhvwv wkdw fkdqjhv lq surgxfhu sulfhv duh qrw pdwfkhg e| fkdqjhv
lq uhwdlo sulfhv1 Zkloh surgxfhu sulfhv kdyh h{klelwhg vwurqj vhdvrqdolw| dqg
kdyh ehhq d�hfwhg e| wkh lqwurgxfwlrq ri lpsruwv/ uhwdlo sulfhv kdyh frq0
wlqxhg wr ulvh/ lq olqh zlwk lq dwlrqdu| h�hfwv1 Hfrqrplf wkhru| vxjjhvwv
wkdw uhwdlohuv suhihu wr pdlqwdlq lqwhuwhpsrudo dqg vsdwldo sulfh dyhudjlqj wr
fdwhu iru frqvxphu suhihuhqfhv1 Lq wkh suhvhqfh ri pdunhw srzhu fkdqjhv lq
surgxfhu sulfh pd| qrw qhfhvvdulo| eh wudqvihuuhg wr fkdqjhv lq uhwdlo sulfh 0
hvshfldoo| zkhq surgxfhu sulfhv duh idoolqj1

Lq wklv fkdswhu zh lghqwli| wkh idfwruv d�hfwlqj wkh irupdwlrq ri uhwdlo
sulfhv1 Zh lqlwldoo| whvw wr vhh zkhwkhu uhwdlo sulfhv kdyh ehhq vxemhfwhg wr
dq h{rjhqrxv vkrfn diwhu wkh shulrg 4<<3=4 dqg wkhq dwwhpsw wr txdqwli| wkh
h�hfw ri lpsruwv rq uhwdlo sulfhv1 Li lpsruwv kdyh qrw ghsuhvvhg uhwdlo sulfhv
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wkh lpsolfdwlrq lv wkdw frqvxphuv duh qrw uhdslqj wkh ehqh�wv ri wudgh olehu0
dolvdwlrq dqg wkdw wkh ghfolqhv lq surgxfhu sulfh duh pdqlihvwlqj wkhpvhoyhv
lq lqfuhdvhg pdunhwlqj pdujlqv iru pdunhw lqwhuphgldulhv1

4315 Whvwlqj iru vkliwv lq uhwdlo sulfh
Lq rughu wr whvw wkh grphvwlf uhwdlo sulfh ri sljphdw iru d vwuxfwxudo euhdn
d prgho fdswxulqj krz wkh yduldelolw| lq grphvwlf uhwdlo sulfh ri sljphdw lv
h{sodlqhg e| wkh yduldelolw| lq/ iru h{dpsoh/ surgxfwlrq/ qhhgv wr eh ghyho0
rshg1 Li wkh Fkrz whvw lqglfdwhv wkdw d vwuxfwxudo euhdn kdv fkdqjhg wkh
ydoxhv ri wkh sdudphwhuv lq wkh prgho/ wkhq h{whuqdo idfwruv +vxevxphg lqwr
wkh vwuxfwxudo euhdn, h{sodlq pruh ri wkh yduldwlrq lq grphvwlf uhwdlo sulfh
ri sljphdw suh0 dqg srvw0euhdn wkdq wkh xqghuo|lqj GJS1

Zh irupxodwh d prgho ri grphvwlf uhwdlo sulfh lq wkh irup

+| ' kJ n k�A n
�-
�'�

q�%�| n 0| +4314,

zkhuh wkh hqgrjhqrxv yduldeoh lv wkh uhwdlo sulfh ri srun +UST, dqg wkh
h{rjhqrxv yduldeohv ehlqj wkh vdoh|dug sulfh iru edfrqhuv +VST,/ wkh vdoh|dug
sulfh ri fdwwoh +VEIT,/ dqg wkh grphvwlf surgxfwlrq ri sljphdw +SSGT,1 Wkh
prgho lv hvwlpdwhg iurp 4<;7=5 wr 4<;<=7 dqg wkhq iru wkh ixoo vdpsoh shulrg
wr 4<<:=5 zlwk wkh yduldeohv lq orj0vwdwlrqdu| irup1 Dv qrwhg lq fkdswhu : wkh
vdoh|dug sulfh iru edfrqhuv +VST, lv U Ef� ryhu wkh shulrg 4<;7=504<;<=7 dqg
U E�� ryhu wkh shulrg 4<<3=404<<:=51 Wkh uhjuhvvlrq lv uxq zlwk wkh vdoh|dug
sulfh ri edfrqhuv ehlqj erwk U Ef� dqg U E�� dqg wkh uhvxowv frpsduhg1 Wkh
uhjuhvvlrq uhvxowv iru zkhq wkh vdoh|dug sulfh ri edfrqhuv lv U Ef� duh suhvhqwhg
lq Wdeoh 4314 dqg iru zkhq wkh vdoh|dug sulfh ri edfrqhuv lv U E�� duh suhvhqwhg
lq Wdeoh 4315 41

Zlwk wkh h{fhswlrq ri wkh uhjuhvvlrq ryhu wkh ixoo hvwlpdwlrq shulrg lq
Wdeoh 43145 wkh uhvxowv lqglfdwh wkdw qrqh ri wkh yduldeohv duh vljql�fdqwo|
gl�huhqw iurp }hur/ d uhvxow eruqh rxw e| wkh orz-2 udwlrv +zklfk lqglfdwh wkh
yduldelolw| lq uhwdlo sulfhv ri srun dwwulexwdeoh wr wkh yduldeohv lq wkh prgho,1
Wklv lpsolhv wkdw wkh prgho lv qrw d jrrg vshfl�fdwlrq ri wkh xqghuo|lqj gdwd
jhqhudwlqj surfhvv iru uhwdlo sulfhv ri srun1 Ixuwkhu/ wkh uhjuhvvlrq ryhu wkh

4Wkh vwdwlvwlfv lq wkh wdeohv duh suhvhqwhg zlwk wkh vxshuvfulswv W dqg WW/ lqglfdwlqj d
vljql�fdqfh ohyho ri 8( dqg 4( uhvshfwlyho|1

5Wkh vljql�fdqfh ri wkh frh!flhqw iru vdoh|dug sulfhv iru edfrqhuv iru wkh ixoo hvwlpdwlrq
shulrg lq Wdeoh 4314 lv whpshuhg e| wkh uhvxowv ri wkh xqlw urrw whvwv/ zklfk lqglfdwh wkdw
diwhu 4<<3=4 wkh vdoh|dug sulfhv iru edfrqhuv zhuh lq idfw U E�� udwkhu wkdq U Ef�1
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Wdeoh 4314= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn L
Hvwlpdwlrq Shulrg
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Wdeoh 4315= Uhjuhvvlrq Uhvxowv iru Vwuxfwxudo Euhdn LL
Hvwlpdwlrq Shulrg
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Wdeoh 4316= Fkrz whvwv iru vwuxfwxudo euhdn
Srvw0Euhdn

Suh0Euhdn U Ef� U E��
U Ef� ��2Dbe ��b�DD
U E�� f�bDbH ��DS2D

ixoo hvwlpdwlrq shulrg lq Wdeoh 4315 vkrzv vljqv ri vljql�fdqw khwhurvfhgdv0
wlflw|/ lqglfdwlqj wkdw wkh hvwlpdwruv zloo qrw eh h!flhqw61 Wkh Fkrz whvwv
duh frpsxwhg iru doo vfhqdulrv/ wkdw lv/ wkh vdoh|dug sulfh iru edfrqhuv ehlqj
hlwkhu U Ef� ru U E�� lq erwk wkh suh0euhdn dqg srvw0euhdn shulrgv1 Wkh whvw
vwdwlvwlfv duh suhvhqwhg lq Wdeoh 4316

Iurp wkh uhvxowv ri wkh Fkrz whvwv wkhuh lv lqvx!flhqw hylghqfh wr frq0
foxgh wkdw wkhuh kdv ehhq d vwuxfwxudo euhdn iru uhwdlo sulfhv ri srun dw 4<<3=41

4316 Prghoolqj grphvwlf uhwdlo sulfh
Rqh ri wkh txhvwlrqv zh zrxog olnh wr dqvzhu lv zkhwkhu wkh lqwurgxfwlrq ri
lpsruwv kdyh kdg dq h�hfw rq grphvwlf uhwdlo sulfh ri sljphdw1 Zkloh wkh
whvw iru d vwuxfwxudo euhdn fdq lqglfdwh wkdw wkh GJS xqghuo|lqj grphvwlf
uhwdlo sulfh kdv fkdqjhg diwhu 4<<3=4 lw grhv qrw lqglfdwh zkdw wkh vljq ri wkdw
vkliw lq vxsso| kdv ehhq1 Lq rughu wr ghwhuplqh wkh vljq dqg pdjqlwxgh ri
wkh vkliw lq surgxfwlrq zh qhhg wr wxuq wr rwkhu prghoolqj whfkqltxhv/ vxfk
dv Dxwruhjuhvvlyh Glvwulexwhg Odj +DGO, prghov zklfk dwwhpsw wr fdswxuh
wkh zkroh gdwd jhqhudwlqj surfhvv xqghuo|lqj wkh ghshqghqw yduldeoh/ vxfk
dv grphvwlf uhwdlo sulfh ri sljphdw1

Wkh prgho lv d txduwhuo| uhwdlo sulfh prgho hvwlpdwhg iurp 4<;8=4 wr
4<<:=5 dqg lv lq ohyhov irup lq dq dwwhpsw wr rewdlq phdqlqjixo sdudphwhu
ydoxhv1 Wkh prgho uhjuhvvhv uhwdlo sulfh iru srun +UST, rq wkh h{rjhqrxv
yduldeohv/ wkh vdoh|dug sulfh iru edfrqhuv +VST,/ wkh surgxfwlrq ri sljphdw
+SSGT/ wkh vdoh|dug sulfh iru fdwwoh +VEIT,/ wkh lpsruw yroxph dqg sulfhv
iru Fdqdgldq sljphdw +FDPYT dqg FDPST uhvshfwlyho|, dqg wkh 4r| wr
6o_ vhdvrqdo gxpplhv dqg d vwuxfwxudo euhdn whup iru srvw 4<;<=7 gdwd1 Wkh
uhvxowv duh frq lfwlqj/ dv wkh Lqirupdwlrq Fulwhulrq vhohfw gl�huhqw prghov
71 Dowhuqdwlyh DGO prghov zhuh dovr hvwlpdwhg zlwkrxw dq| jdlq lq prgho

6Khwhurvfhgdvwlflw| OPIE�cD�� ' S�.eSD df�f�2o
7Wkh DLF dqg U2 erwk vhohfw dq DGO+7/7/4/5/7/3, prgho zkhuhdv wkh VEF dqg Kdqqdq0

Txlqq ^83` vhohfw dq DGO+5/3/4/5/3/3, prgho1
Wkh DGO+7/7/4/5/7/3, prgho h{klewv kljko| vljql�fdqw vhuldo fruuhodwlrq dqg/ dv vxfk/

wkh prgho lv lqdssursuldwh wr xvh dv ryhu0gl�huhqflqj kdv uh0lqwurgxfhg vhuldo fruuhodwlrq
dqg idlov wr fdswxuh wkh GJS1
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Wdeoh 4317= DGO+5/3/4/5/3/3, prgho uhvxowv
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf 3Se��H2f �.�.�.. 3��f�ffb� bS�eDS. df�ff�o
-�'|3� f�eDDb. f���.S�
-�'|32 f���.ff f��2�Df
��('| f��.��f �f3S f�D�SSf �f3S f��Hf2f �f3D f�2eSef �f3D df�e.fo
7�'| f�efb2. f�fbe�22 ���DH� f�Db��e df�fffo
7�'|3� f�2eeDD f��efb�
7�8'| f�fbSf�� f�fHDSf� f�fbD.fS f�e�.2� df�H2Ho
7�8'|3� f��.�bb f�fbSHef
7�8'|32 3f�2eH�b f�fHDeS.
����'| 3f�f�2b2S f�f2bD22 3f�fS2e�. f��efbH df�SS�o
���T'| 3f��eH.f �f3D f��2..f �f3D 3f�.�H2f �f3D f��DHSf �f3D df�SDeo
'�

| S�2�bD 2�ff�f �f���.b 2D�bbHe df�2Deo
'2

| ��eeH. ��eDSS S�bb.S �S�SeD. df�SS.o
'�

| ���ef� 2�SHfb S�e.�H �2�D�DS df�Sfbo
A f�2bbDH f�2beH� ��ee.f ���Dbf df�2beo
�-.�g ��S..� �2�SS.D H��ff. Sf�S�b� df�HbDo
-2 f�bbSD�

�w ru lpsuryhphqw lq prgho gldjqrvwlfv dqg lw zdv ghflghg wr xvh wkh DGO
prgho edvhg rq wkh VEF1 Wkh hqg uhvxowv duh qrw vxevwdqwldoo| gl�huhqw 0 wkh
vwuxfwxudo euhdn frh!flhqw lv vwloo qrw vljql�fdqwo| gl�huhqw iurp }hur/ dqg
wkh HFPv duh kljko| vljql�fdqw udqjlqj iurp 3f�2f wr 3f��� +Wkh HFPv
lqglfdwh wkdw wkhuh lv d prghudwho| idvw uhwxuq wr htxloleulxp iroorzlqj d
vkrfn wr uhwdlo sulfh iru srun,1 Wkh orqj0uxq frh!flhqwv duh gl�huhqw/ exw lq
wkh pdlq wkh| duh ri wkh vdph rughu ri pdjqlwxgh1 Wkh uhvxowv duh suhvhqwhg
lq Wdeoh 4317 81

H{fhsw iru wkh lqwhufhsw dqg vdoh|dug sulfhv iru edfrqhuv qr rwkhu ydul0
deohv lq wkh prgho zhuh vljql�fdqw dqg wkhuh lv lqvx!flhqw hylghqfh wr vxjjhvw
wkdw wkh vwuxfwxudo euhdn whup lv vljql�fdqwo| gl�huhqw iurp }hur/ wkxv wkh
vwuxfwxudo euhdn whup zdv gursshg iurp wkh DGO prgho dqg wkh prgho zdv
uh0hvwlpdwhg +Vhh Wdeoh 4318,1

8Wkh s0ydoxhv iru wkh orqj uxq frh!flhqwv duh lqfoxghg zlwk wkhlu uhvshfwlyh vwdqgdug
huuruv1 Wkh s0ydoxhv lqglfdwh wkh suredelolw| ri idovho| uhmhfwlqj wkh qxoo k|srwkhvlv +Mf G
q ' f, iru wkdw sduwlfxodu sdudphwhu1 Wkh s0ydoxhv duh lqwhusuhwhg vxfk wkdw li ER 	 f���
wkhq wkh sdudphwhu lq txhvwlrq lv vljql�fdqwo| juhdwhu ru ohvv wkdq +ghshqglqj rq wkh
vljq ri wkh sdudphwhu, }hur1 Li ER 	 f�fD� wkhq wkh sdudphwhu lq txhvwlrq lv vljql�fdqwo|
gl�huhqw iurp }hur1
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Wdeoh 4318= DGO+5/3/4/5/3/3, prgho uhvxowv/ qr vwuxfwxudo euhdn
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf 3Se�e�e. �.��H�� 3��e���bf b��D2SD df�ff2o
-�'|3� f�eDb�e f����S�
-�'|32 f���D.b f���beD
��('| f��bf�f �f3S f�eb��f �f3S f��bf2f �f3D f�2��Df �f3D df�e2�o
7�'| f�e��f2 f�fb2f.2 ���D�b f�DHHbS df�fffo
7�'|3� f�2�D.2 f��22e�
7�8'| f�fb2fH� f�f.b�eb f�fHSHSf f�e�fDS df�He�o
7�8'|3� f��.D2H f�fb22SH
7�8'|32 3f�2ebDD f�fH�SeD
����'| 3f�ffb2�f2 f�ffbeSf. 3f�feDf�� f�fDfbb2 df��H�o
���T'| 3f���b�f �f3D f���D�f �f3D 3f�S.Hef �f3D f��Deb f �f3e df�SSeo
'�

| S�eb�S e�DS�2 ���SDSD 2���b�H df��HDo
'2

| ��ebH� ���H.. .��fSD �S�efS. df�SDbo
'�

| ���D�2 2�Se�� S�DbHb �2�e�DS df�Dbbo
A f�2bDS� f�2Hb�D ��ee�. ���D2� df�2beo
-2 f�bbSD�

Wkh uhvxowv gr qrw fkdqjh vxevwdqwldoo| zkhq wkh vwuxfwxudo euhdn whup
lv gursshg iurp wkh prgho/ dv h{shfwhg +vlqfh lwv frh!flhqw zdv qrw vljql�0
fdqw,1 Wkh uhvxowv ri wkh prghov lqglfdwh wkdw wkh uhwdlo sulfh iru srun GJS
lv d ixqfwlrq ri lwv rzq odjjhg ydoxhv dqg wkh fxuuhqw dqg odjjhg ydoxhv ri
surgxfhu sulfhv +wkh vdoh|dug sulfh iru edfrqhuv, exw qrw sljphdw surgxfwlrq/
vdoh|dug sulfhv iru fdwwoh/ ru lpsruwv +erwk yroxph dqg sulfh,1 Wkh lpsolfd0
wlrq lv wkdw wkh lqwurgxfwlrq ri lpsruwv kdv qrw kdg dq h�hfw rq uhwdlo sulfhv
iru srun dqg wkdw wkh GJS iru uhwdlo sulfhv lv ghshqghqw rq rwkhu idfwruv1

Wkh qrq0vljql�fdqw yduldeohv zhuh gursshg9 dqg wkh uhjuhvvlrq prgho uh0
hvwlpdwhg +vhh Wdeoh 4319,1

Vlqfh wkh uhwdlo sulfh ri srun vhhpv wr eh ghshqghqw rq idfwruv rwkhu
wkdq lpsruwv ru grphvwlf surgxfwlrq/ dqg pruh olnho| ghshqghqw rq forvh
vxevwlwxwhv/ wkh uhwdlo sulfh ri srun zdv uhjuhvvhg djdlqvw wkh uhwdlo sulfh ri
ehhi/ fklfnhq/ dqg odpe1 Wkh DGO prgho zdv vhohfwhg rq wkh edvlv ri wkh
VEF/ dv wklv uhvxowhg lq d pruh sduvlprqlrxv prgho wkdq wkh DLF ru -2 +vhh
Wdeoh 431:,1

9Wkh lqwhufhsw dqg wkh yduldoeh -�'|32 zhuh uhwdlqhg hyhq wkrxjk wkhlu frh!flhqwv
zhuh qrw vljql�fdqw dv lw zdv xqghvludeoh wr uhvwulfw wkh lqwhufhsw wr sdvv wkurxjk wkh
ruljlq dqg khwhurvfhgdvwlflw| zdv suhvhqw lq wkh prgho zlwkrxw -�'|321
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Wdeoh 4319= DGO+5/3, prgho uhvxowv
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf 3b�.�2b H�fH�H 3HD�fHSe .e�.SSD df�2S�o
-�'|3� f�.H�SH f�bHf2f
-�'|32 f��f�be f�fbe2S.
7�'| f�ee.b� f�fD2DHf ��b�Db f��.bb2 df�fffo
-2 f�bbe�2

Wdeoh 431:= DGO+4/4/3/4/3, prgho uhvxowv
Uhjuhvvlrq hvwlpdwhv Orqj0uxq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
kf 3He�bHD2 �b����. 3�e2�e2.D De�S.�D df�f��o
-�'|3� f�ef��� f���D�e
7�'| f��.�2� f�fbbH.b f�SeS.. f��.bfS df�ff�o
7�'|3� f�2�e.2 f���ee�
-�'u| f�f2�Sb2 f�fe�H.D f�f�S�De f�f.DbSH df�S�Do
-�'�| 3f�f�S2He f��eHD. f�DH2HS f��D..S df�ff�o
-�'�|3� f��Hef. f��.2Df
-�8'| f���Hee f�f�.bf. f��bHeb f�fe�HHD df�fffo
'�

| 3��Db�D ��2eb� 32�SS.� D�e�eD df�S2Do
'2

| 3S�.f�f ��..�H 3���2��S S�DHH2 df�fbSo
'�

| 3e�22S. ��fDe� 3.�fH�S D�2DHH df��HSo
A ���DH� f�eHHSe 2�2.S� f�DD.HS df�fffo
-2 f�bbSfH
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Wkh uhvxowv ri wkh DGO prgho vxjjhvw wkdw wkh uhwdlo sulfh iru srun kdv
d vljql�fdqw xszdug wuhqg ryhu wlph +hyhu| txduwhu dggv dq h{wud 2�2.S� �
f�DD.HS 2f2nj wr wkh uhwdlo sulfh ri srun, dqg lv ghshqghqw rq wkh surgxfhu
sulfh +hyhu| '4133 lqfuhdvh lq vdoh|dug sulfhv iru edfrqhuv dggv dq h{wud
mf�SeS..�f��.bfS 2nj wr wkh uhwdlo sulfh ri srun,/ wkh uhwdlo sulfh iru fklfnhq
+hyhu| '4133 lqfuhdvh lq uhwdlo sulfh iru fklfnhq dggv dq h{wud mf�DH2HS �
f��D..S 2nj wr wkh uhwdlo sulfh ri srun,/ dqg wkh uhwdlo sulfh iru ehhi +hyhu|
'4133 lqfuhdvh lq uhwdlo sulfh iru ehhi dggv dq h{wud mf��bHeb� f�fe�HHD 2nj
wr wkh uhwdlo sulfh ri srun,1 Wkh uhwdlo sulfh iru odpe grhv qrw dsshdu wr eh
vljql�fdqw/ lpso|lqj wkdw odpe lv qrw d forvh vxevwlwxwh iru srun1

4317 Sulfh wudqvplvvlrq lq wkh grphvwlf slj0
phdw pdunhw

Wkh dssduhqw glyhujhqfh ehwzhhq surgxfhu dqg uhwdlo sulfhv lq wkh suhvhqfh
ri d pdunhwlqj fkdlq lv d frpprq idfhw lq djulfxowxudo lqgxvwulhv1 Wkhuh lv
hylghqfh wr vxjjhvw wkdw fkdqjhv lq surgxfhu sulfhv duh qrw sdvvhg rq ixoo|
wr fkdqjhv lq uhwdlo sulfh/ hvshfldoo| lq wkh vlwxdwlrq zkhuh surgxfhu sulfhv
duh lq ghfolqh1 Erwk Kdkq dqg Gxhzhu ^7;` dqg yrq Fudprq0Wdxedgho ^58`
vkrz wkdw lq wkh suhvhqfh ri pdunhw srzhu uhgxfwlrqv lq surgxfhu sulfhv
duh qrw uh hfwhg lq uhgxfwlrqv lq uhwdlo sulfhv exw lqfuhdvhv lq surgxfhu
sulfhv duh lpphgldwho| uh hfwhg lq lqfuhdvhv lq uhwdlo sulfhv1 Lq Vhfwlrq 4316
wkh uhvxowv vxjjhvw wkdw d '4133 lqfuhdvh lq surgxfhu sulfh zloo uhvxow lq d
mf�SeS..� f��.bfS2nj lqfuhdvh lq uhwdlo sulfh1 Krzhyhu/ wklv uhvxow lv xqghu
wkh dvvxpswlrq ri v|pphwulfdo sulfh wudqvplvvlrq 0 wkdw lv/ d '4133 ghfuhdvh
lq surgxfhu sulfh zloo uhvxow lq d mf�SeS.. � f��.bfS2nj ghfuhdvh lq uhwdlo
sulfh1

Dv|pphwulf sulfh wudqvplvvlrq zloo uhvxow iurp vlwxdwlrqv zkhuh �upv
duh idflqj gl�huhqw hodvwlflwlhv iru wkhlu lqsxwv dqg rxwsxwv1 Lq vlwxdwlrqv
zkhuh �upv duh deoh wr h{huw pdunhw srzhu/ dq lqfuhdvh lq lqsxw sulfh zloo
eh wudqvihuuhg udslgo| wr wkhlu rxwsxw sulfh exw d ghfuhdvh lq lqsxw sulfh zloo
qrw eh wudqvihuuhg dv udslgo| wr wkhlu rxwsxw sulfh1

Kdkq dqg Gxhzhu ^7;` ghyhors dq hqgrjhqrxv vzlwfklqj prgho wr fds0
wxuh wkh dv|pphwu| ri sulfh wudqvplvvlrq zklfk wkh| wkhq rswlplvh yld d
olqhdu surjudpplqj dssurdfk1 Krzhyhu/ yrq Fudprq0Wdxedgho ^58` wdnhv
dq hfrqrphwulf dssurdfk xvlqj dq huuru fruuhfwlrq prgho +HFP, wr fdswxuh
wkh vshhg dqg ghjuhh ri dgmxvwphqw ri uhwdlo sulfhv wr d fkdqjh lq surgxfhu
sulfhv1

Wkh HFP lq htxdwlrq ;16 lpsolhv v|pphwulf sulfh wudqvplvvlrq/ dqg
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dv|pphwulf sulfh wudqvplvvlrq fdq eh prghoohg li wkh HFP lv ghfrpsrvhg
lqwr srvlwlyh dqg qhjdwlyh sulfh fkdqjhv^77`

.��| ' .��n
| n .��3

|

zkhuh

{�n ' 4@ E{�c f�

{�3 ' 4�? E{�c f�

� ' E+|c %|�

Lq whvwlqj d pdunhw iru dv|pphwulf sulfh wudqvplvvlrq sduwlfxodu dwwhqwlrq
qhhgv wr eh sdlg wr wkh iuhtxhqf| ri wkh gdwd ^49`/^57`1 Dv wkh iuhtxhqf| ri
wkh gdwd lv uhgxfhg wkh dv|pphwulf surshuwlhv ri sulfh wudqvplvvlrq zloo eh
revfxuhg e| wkh v|pphwu| ri wkh orqj0uxq htxloleulxp1 Erwk ^57` dqg ^58`
�qg wkdw wkh gdwd iuhtxhqf| qhhgv wr eh kljkhu wkdq wkdw uhtxluhg e| pdunhw
djhqwv wr frpsohwh wudqvdfwlrqv dqg wkdw dq dssursuldwh iuhtxhqf| lv zhhno|
gdwd1 Hyhq zlwk zhhno| gdwd yrq Fudprq0Wdxedgho ^58/ Wdeoh 5` �qgv wkdw
wkh uhjuhvvlrq frh!flhqwv lq wkh v|pphwulf dqg dv|pphwulf fdvh duh yhu|
vlplodu dowkrxjk kh grhv frqfoxgh wkdw wkhuh lv vljql�fdqw dv|pphwu| lq
sulfh wudqvplvvlrq1 Lpsxovh0uhvsrqvh ixqfwlrqv lqglfdwh wkdw htxloleulxp lv
uhvwruhg zlwklq rqh txduwhu/ lqglfdwlqj wkdw d iuhtxhqf| orzhu wkdq wkdw zloo
idlo wr slfn xs wkh dv|pphwulf sulfh wudqvplvvlrq/ dw ohdvw iru wkh qruwkhuq
Jhupdq srun pdunhw1

Lq wkh Dxvwudoldq slj lqgxvwu| frqwh{w/ zkloh zhhno| sulfhv duh dydlodeoh
iru surgxfhu sulfhv/ uhwdlo sulfhv zlwk d kljk iuhtxhqf| duh gl!fxow wr frph
e|1 R!fldo DEV vwdwlvwlfv rqo| ghwdlo txduwhuo| uhwdlo sulfhv/ wkxv h{sorulqj
wkh dv|pphwulf qdwxuh ri sulfh wudqvplvvlrq lq wkh Dxvwudoldq slj lqgxvwu|
lv kdpshuhg e| wkh lqdghtxdflhv ri wkh gdwd1 Gdwd olplwdwlrqv frqvwudlq xv
wr rqo| dqdo|vh wkh fdvh ri v|pphwulf sulfh wudqvplvvlrq dv dq lqglfdwlrq ri
pdunhw srzhu1 Li wkh sulfh wudqvplvvlrq ehwzhhq surgxfhu dqg uhwdlo sulfhv
lv vorz/ wkh lpsolfdwlrq lv/ wkhuhiruh/ wkdw pdunhw srzhu lv ehlqj h{huwhg dv
frpshwlwlyh suhvvxuh wr udslgo| dgmxvw sulfh lv plvvlqj1

Wkh HFP uhsuhvhqwdwlrqv ri wkh DGOprghov duh suhvhqwhg lq Wdeohv 431;
wr 431441

Wkh uhvxowv lqglfdwh wkdw wkhuh lv d vorz0wr0prghudwh vshhg ri dgmxvwphqw/
udqjlqj iurp 3f��� wr 3f�2�/ vxjjhvwlqj wkdw d fkdqjh lq surgxfhu sulfh lv
qrw lpphgldwho| wudqvihuuhg wr fkdqjhv lq uhwdlo sulfh gxh wr pdunhw srzhu
ehlqj h{huwhg ryhu wkh pdunhwlqj fkdlq1 Zkhq vxevwlwxwhv duh wdnhq lqwr
frqvlghudwlrq wkh vshhg ri dgmxvwphqw lqfuhdvhv wr durxqg 3f�Sf +vhh Wdeoh
43144,/ vxjjhvwlqj wkdw wkh uhwdlo sulfh iru srun lv vhqvlwlyh wr fkdqjhv lq
uhwdlo sulfhv iru forvh vxevwlwxwhv1
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Wdeoh 431;= DGO+5/3/4/5/3/3, prgho HFP
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf 3Se��H2f �.�.�.. df�ff�o
{-�'|3� 3f���.ff f��2�Df df�ffbo
{��('| f��.��f �f3S f�D�SSf �f3S df�e.Do
{7�'| f�efb2. f�fbe�22 df�fffo
{7�8'| f�fbSf�� f�fHDSf� df�2Sbo
{7�8'|3� f�2eH�b f�fHDeS. df�ffSo
{����'| 3f�f�2b2S f�f2bD22 df�SSeo
{���T'| 3f��eH.f �f3D f��2..f �f3D df�SD�o
{'�

| S�2�bD D�ff�f df�22fo
{'2

| ��eeH. ��eDSS df�S.Ho
{'�

| ���ef� 2�SHfb df�S2fo
{A f�2bbDH f�2beH� df���So
{�-.�g ��S..� �2�SS.D df�HbDo
.��|3� 3f�2f.f� f�fDeDf2 df�ff�o
-2 f�.HDHf

Wdeoh 431<= DGO+5/3/4/5/3/3, prgho HFP/ qr vwuxfwxudo euhdn
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf 3Se�e�e. �.��H�� df�ff�o
{-�'|3� 3f���D.b f���beD df�ffHo
{��('| f��bf�f �f3S f�eb��f �f3S df�e�eo
{7�'| f�e��f2 f�fb2f.2 df�fffo
{7�8'| f�fb2fH� f�f.b�eb df�2D2o
{7�8'|3� f�2ebDD f�fH�SeD df�ffDo
{����'| 3f�ffb2�f2 f�ffbeSf. df���So
{���T'| 3f���b�f �f3D f���D�f �f3D df�SS�o
{'�

| S�eb�S e�DS�2 df��S�o
{'2

| ��ebH� ���H.. df�SS�o
{'�

| ���D�2 2�Se�� df�S��o
{A f�2bDS� f�2Hb�D df����o
.��|3� 3f�2fDfS f�fD�Sbe df�fffo
-2 f�.HDSb
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Wdeoh 43143= DGO+5/3, prgho HFP
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf 3b�.�2b H�fH�H df�2�eo
{-�'|3� 3f��f�be ffbe2S. df�2HDo
{7�'| f�ee.b� f�fD2DHf df�fffo
.��|3� 3f���e�b f�f�eHHf df�fffo
-2 f�S2e�b

Wdeoh 43144= DGO+4/4/3/4/3, prgho HFP
Uhjuhvvlrq hvwlpdwhv

Uhjuhvvru Frh!flhqw Vwdqgdug Huuru^s0ydoxh`
{kf 3He�bHD2 �b����. df�f�.o
{7�'| f��.�2� f�fbbH.b df�fbeo
{-�'u| f�f2�Sb2 f�fe�H.D df�S2eo
{-�'�| 3f�f�S2He f��eHD. df�HfHo
{-�8'| f���Hee f�f�.bf. df�ff�o
{'�

| 3��Db�D ��2eb� df�S2.o
{'2

| 3S�.f�f ��..�H df�fH�o
{'�

| 3e�22S. ��fDe� df��.eo
{A ���DH� f�eHHSe df�ffHo
.��|3� 3f�DbSSb f���D�e df�fffo
-2 f�.Dbf2
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4318 Vxppdu|
Wkh uhvxowv ri wklv fkdswhu lqglfdwh wkdw uhwdlo sulfhv kdyh qrw ehhq vxemhfwhg
wr dq h{rjhqrxv vkrfn diwhu 4<<3=4 dqg wkdw wkh lqwurgxfwlrq ri lpsruwv glg
qrw kdyh dq h�hfw/ dqg vshfl�fdoo| d qhjdwlyh h�hfw/ rq uhwdlo sulfhv1 Wklv
lpsolhv wkdw wkh dvvxphg ehqh�wv ri wudgh olehudolvdwlrq/ uhvxowlqj iurp d
uhgxfwlrq lq frqvxphu sulfh dqg d frqfrplwdqw h{sdqvlrq ri wkh surgxfwlrq
srvvlelolw| iurqwlhu/ kdyh qrw rffxuuhg1 Wkh txhvwlrq lv wkhuhiruh zkhwkhu
pdunhw lqwhuphgldulhv vxfk dv surfhvvruv/ zkrohvdohuv ru uhwdlohuv kdyh ehqh0
�whg wkurxjk lqfuhdvhg pdunhwlqj pdujlqv dw wkh h{shqvh ri surgxfhuv dqg
frqvxphuv1 Wkh uhvxow ri wkh huuru fruuhfwlrq prghov orrnlqj dw sulfh wudqv0
plvvlrq ehwzhhq surgxfhu dqg uhwdlo sulfhv vxjjhvw wkdw wkh vshhg ri dgmxvw0
phqw ri uhwdlo sulfhv wr fkdqjhv lq surgxfhu sulfhv lv yhu| vorz/ lqglfdwlqj
wkdw pdunhw srzhu lq whupv ri lqwhuwhpsrudo sulfh dyhudjlqj h{lvwv1 Zkhq
forvh vxevwlwxwhv/ vxfk dv ehhi/ fklfnhq/ dqg odpe duh wdnhq lqwr frqvlghud0
wlrq lw vhhpv wkdw uhwdlo sulfhv ri srun duh vhqvlwlyh wr fkdqjhv lq wkrvh uhwdlo
sulfhv/ vshfl�fdoo| fkdqjhv lq uhwdlo ehhi sulfhv1 Wkh vshhg ri dgmxvwphqw ri
wkh uhwdlo sulfh ri srun lv sduwlfxoduo| idvw zkhq uhwdlo sulfhv ri ehhi duh wdnhq
lqwr frqvlghudwlrq1 Wklv lpsolhv wkdw srun lv frpshwlwlyh zlwk ehhi dw wkh
uhwdlo ohyho/ lqglfdwlqj krul}rqwdo frpshwlwlrq h{lvwv exw qrw yhuwlfdo1
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Fkdswhu 44

Prghoolqj vxsso| dqg ghpdqg
uhodwlrqvklsv

4414 Lqwurgxfwlrq
Vxsso| dqg ghpdqg uhodwlrqvklsv lq d sduwlfxodu pdunhw fdq eh prghoohg
lq wzr zd|v1 D elyduldwh iudphzrun dwwhpswv wr h{sodlq wkh uhodwlrqvkls
ehwzhhq d ghshqghqw dqg lqghshqghqw +hqgrjhqrxv dqg h{rjhqrxv ,yduldeoh
ru dq hqgrjhqrxv dqg d vhw ri h{rjhqrxv yduldeohv1 Wklv iudphzrun lv dg0
htxdwh li wkh h{rjhqrxv yduldeohv duh h{dfwo| wkdw= wkh| duh qrw lq xhqfhg
e| dq| rwkhu yduldeohv frqvlghuhg lq wkh sduwlfxodu htxdwlrq1 Li h{rjhqrxv
yduldeohv duh dfwxdoo| hqgrjhqrxv wkurxjk vrph vruw ri ihhgedfn phfkdqlvp>
iru h{dpsoh/ sulfhv duh ghshqghqw rq surgxfwlrq/ exw surgxfwlrq lv dovr gh0
shqghqw rq sulfhv/ wkhq d vlqjoh htxdwlrq v|vwhp lv lqdghtxdwh wr fdswxuh
wkh lqwhu0uhodwlrqvklsv dqg wkh g|qdplfv ri wkh v|vwhp1

Lq wklv fdvh lw lv suhihudeoh wr pryh wr d pxowlyduldwh iudphzrun zlwk
d vhw ri vlpxowdqhrxvo| ghwhuplqhg htxdwlrqv zklfk dffxudwho| fdswxuh wkh
ihhgedfn orrsv lqkhuhqw lq wkh v|vwhp1

Wudglwlrqdoo| vlpxowdqhrxv htxdwlrq prghoolqj +VHP, zdv xvhg wr ghwhu0
plqh pxowlyduldwh uhodwlrqvklsv ehwzhhq htxdwlrqv1 Dssolfdwlrqv ri wkh VHPv
zhuh irfxvhg rq wkh exloglqj ri odujh dqg frpsolfdwhg prghov ri hfrqrplhv/
lq vrph fdvhv frqwdlqlqj vhyhudo wkrxvdqg hqgrjhqrxv yduldeohv/ zklfk zhuh
xvhg iru iruhfdvwlqj dqg srolf| dqdo|vlv1 Wkhvh prghov glg qrw shuirup zhoo
dqg wkhuh zdv zlghvsuhdg fulwlflvp ri vwuxfwxudo hfrqrphwulf prghoolqj xvlqj
VHPv ^8:`/ ^93`/ ^;6`1 Zlwk wkh lpsrvlwlrq ri }hur uhvwulfwlrqv rq sdudphwhuv
lq rughu wr dfklhyh lghqwl�fdwlrq/ wkhuh zdv d gdqjhu wkdw prghov zrxog eh
irupxodwhg wkdw lqfoxghg vrph yduldeohv dqg ghohwhg rwkhuv sxuho| wr vdwlvi|
wkh lghqwl�fdwlrq ri hdfk htxdwlrq hyhq li wkh hfrqrplf mxvwl�fdwlrq iru vxfk
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d irupxodwlrq zdv zhdn ^4<`1
Vlpv ^;6` ylhzhg wkh uhvwulfwlrqv lpsrvhg rq VHPv dv �lqfuhgleoh� dqg

zlwkrxw wkhruhwlfdo mxvwl�fdwlrq1 Kh vxjjhvwhg dq dowhuqdwlyh surfhgxuh ri
yhfwru dxwruhjuhvvlyh prghoolqj zkhuh hyhu|wklqj ghshqgv rq hyhu|wklqj hovh1

Wkh yhfwru dxwruhjuhvvlrq +YDU, dssurdfk lv �dwkhruhwlf� e| qdwxuh dqg
doorzv wkh hpslulfv wr uhyhdo wkh g|qdplfv wkdw jryhuq wkh xqghuo|lqj uh0
odwlrqvkls ehwzhhq yduldeohv xqd�hfwhg e| suhfrqfhlyhg wkhru|1 Wkh wzr
sulqflsoh dvvxpswlrqv ri wkh Frzohv Frpplvvlrq phwkrgrorj| 0 qdpho| wkh
glfkrwrplvdwlrq ri wkh yduldeohv lqwr hqgrjhqrxv dqg h{rjhqrxv dqg wkh }hur
uhvwulfwlrqv lpsrvhg rq wkh sdudphwhuv 0 duh dedqgrqhg lq YDU prghoolqj
^4<`/ ^55`1

YDU prghoolqj dvvxphv wkdw wkh yduldeohv xqghu frqvlghudwlrq duh U Ef�/
vwdwlrqdu|/ dqg lq wkh suhvhqfh ri qrq0vwdwlrqdu| yduldeohv wkh YDU prgho
fdq eh wudqviruphg lqwr d Yhfwru Huuru Fruuhfwlrq +YHF, prgho1 D YHF
prgho doorzv wkh vkruw0uxq g|qdplfv orvw lq wudqviruplqj U E�� yduldeohv wr
U Ef� wr eh uhfdswxuhg1 Wkh YHFprgho lqfrusrudwhv wkh frqfhsw ri frlqwhjud0
wlrq/ zkhuh wkhuh h{lvwv d olqhdu frpelqdwlrq ri wzr qrq0vwdwlrqdu| yduldeohv
zklfk lv lq idfw vwdwlrqdu|1

Lq wklv vhfwlrq zh rxwolqh wkh wkhru| ehklqg frlqwhjudwlrq dqg fdxvdo0
lw| lq d elyduldwh iudphzrun ehiruh prylqj rqwr prghoolqj wkh uhodwlrqvklsv
ehwzhhq yduldeohv lq d pxowlyduldwh iudphzrun1

4415 Fr0lqwhjudwlrq dqdo|vlv ri qrq0vwdwlrqdu|
vhulhv

Edqhumhh / Grodgr/ Jdoeudlwk dqg Khqgu| ^47` glvfxvv d qrwlrq ri htxlole0
ulxp zkhuh yduldeohv mrlqhg lq d wkhruhwlfdo hfrqrplf uhodwlrqvkls vkrxog
qrw glyhujh lq wkh orqj uxq dqg duh vwrfkdvwlfdoo| erxqghg lq dq| vkruw0uxq
glyhujhqfh1 Lq hfrqrplfv wkhuh lv d qhhg wr lqwhjudwh vkruw0uxq g|qdplfv
zlwk orqj0uxq htxloleulxp wr rewdlq phdqlqjixo uhvxowv1 Zkloh wkh dqdo|vlv
ri vkruw0uxq g|qdplfv lv riwhq grqh e| gl�huhqflqj wr holplqdwh wuhqgv lq wkh
yduldeohv/ wklv surfhgxuh/ krzhyhu/ orvhv lqirupdwlrq derxw orqj0uxq uhodwlrq0
vklsv1 Uhjuhvvlrqv lqyroylqj wkh ohyhov ri qrq0vwdwlrqdu| yduldeohv zloo |lhog
vsxulrxv uhvxowv xqohvv wkhuh h{lvwv d fr0lqwhjudwlqj uhodwlrqvkls ehwzhhq wkh
yduldeohv1

Li wkhuh duh wzr wlph vhulhv %| dqg +| dqg d judsk ri wkhp vkrzv wkh
yduldeohv guliwlqj dsduw/ lq rwkhu zrugv/ wkh gl�huhqfh ehwzhhq %| dqg +|
grhv qrw vhhp wr eh vwdwlrqdu|/ wkhq lw lv srvvleoh wkdw wkh| pd| qrw eh
lqwhjudwhg ri wkh vdph rughu1 Li/ rq wkh rwkhu kdqg/ wkh yduldeohv vhhp wr
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eh  rdwlqj lq wlph wrjhwkhu/ wkh| pd| eh lqwhjudwhg ri wkh vdph rughu dqg
wklv vxjjhvwv wkdw d olqhdu frpelqdwlrq ri %| dqg +| pljkw eh vwdwlrqdu| ru
lqwhjudwhg rughu }hur/ L+3, ^4<`1

Gh�qlwlrq 5 Li +| 8 U E�� dqg %| 8 U E�� wkhq +| dqg %| duh vdlg wr eh fr0
lqwhjudwhg li wkhuh h{lvwv d fr0lqwhjudwlqj yhfwru dqfc q�o vxfk wkdw Eqf+| 3 q�%|� 8
UEf� ^6:`1

Pruh jhqhudoo| li  | '
W
%|

+|

�
8 U E_� dqg k �' f +d fr0lqwhjudwlqj pdwul{,

wkhq  | 8 �UE_c K� li k� | 8 U E_3 K� c _ D K : f ^:7`1 li  | kdv ? :
2 frpsrqhqwv dqg wkhuh duh h{dfwo| o olqhduo| lqghshqghqw fr0lqwhjudwlqj
yhfwruv zlwk o $ ? 3 � wkhq k zloo eh dq ? f o pdwul{ zlwk o ehlqj wkh
fr0lqwhjudwlqj udqn ^47/ s 478`1

Wr whvw iru frlqwhjudwlrq/ wkh rughu ri lqwhjudwlrq pxvw �uvw eh hvwdeolvkhg
iru hdfk yduldeoh1 Li wkhuh duh rqo| wzr yduldeohv lq wkh orqj uxq uhodwlrq/ erwk
kdyh wr eh ri wkh vdph rughu ri lqwhjudwlrq iru frlqwhjudwlrq wr rffxu1 Li wkhuh
duh pruh wkdq wzr yduldeohv wkh rughu ri lqwhjudwlrq ri wkh ghshqghqw yduldeoh
fdqqrw eh kljkhu wkdq wkh rughu ri lqwhjudwlrq ri dq| ri wkh h{sodqdwru| ydul0
deohv ^:7`1 Pruhryhu/ wkhuh pxvw eh hlwkhu qrqh ru dw ohdvw wzr h{sodqdwru|
yduldeohv lqwhjudwhg wr dq lghqwlfdo rughu kljkhu wkdq wkh rughu ri lqwhjudwlrq
ri wkh ghshqghqw yduldeoh ^4<`1 Iru wkh yduldeohv xqghu frqvlghudwlrq/ vdoh0
|dug sulfhv/ uhwdlo sulfhv/ dqg surgxfwlrq/ wkhvh duh doo U E�� ryhu wkh shulrg
4<<3=4 wr 4<<:=51

4416 Fdxvh0dqg0h�hfw uhodwlrqvklsv xvlqj Judqjhu
Fdxvdolw|

Judqjhu Fdxvdolw| ghwhuplqhv wkh gluhfwlrq ri wkh uhodwlrqvkls/ li dq|/ eh0
wzhhq wzr vwdwlrqdu| yduldeohv1 D yduldeoh`| lv vdlg wr JUDQJHU FDXVH
d yduldeoh ~|/ E`| i ~|�/ li wkh suhglfwlrq ri wkh ydoxh ri ~| edvhg rq lwv
rzq klvwru|/ ru odjjhg yduldeohv/ fdq eh lpsuryhg e| xvlqj wkh klvwru|/ ru
odjjhg yduldeohv/ ri `| ^74`1 Lq dgglwlrq/ wkh Judqjhu whvwv dovr lqglfdwh
el0gluhfwlrqdo fdxvdolw| ru ihhgedfn h�hfwv E� C 5� dqg lqgluhfw fdxvdolw| lv
lpsolhg wkurxjk d surfhvv ri wudqvlwlylw| zkhuh/ li � i 5 dqg 5 i �/ wkhq
� < �1

Lq d vwdwlrqdu| elyduldwh prgho=

5| ' kf n
?-
�'�

��5|3� n
&-

�'�

q��|3� n 0| +4414,
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Wdeoh 4414= Elyduldwh Judqjhu Fdxvdolw| whvwv
El0gluhfwlrqdo Judqjhu Fdxvdolw|
-�8' C ��(' 7�'u C ��('
-�' C ��(' 7�' C -�'�
-�'� C ��(' 7�' C -�'u
-�'u C ��(' 7�'u C -�'u
7�' C ��(' 7�'u C 7�'
Xql0gluhfwlrqdo Judqjhu Fdxvdolw|
����' i ��(' 7�8' i -�'
7�' i ����' 7�' i -�'
7�8' i ���T' 7�'u i -�'
��(' i 7�8' -�'� i -�'u
`�'� i ��(' 7�8' i 7�'u
-�' i -�8' 7�8' i `�'�
-�'� i -�8' -�'u i -�'
7�' i -�8' -�' i -�'�

wkh sdvw ydoxhv ri �| Judqjhu fdxvh 5| li wkh Odjudqjh Pxowlsolhu I0whvw4

+OPI, iru wkh sdvw �| ydoxhv duh mrlqwo| vljql�fdqw1
Li wkh wzr yduldeohv lq wkh elyduldwh prgho duh lqwhjudwhg ri wkh vdph

ru kljkhu rughu/ dqg d frlqwhjudwlqj yhfwru h{lvwv/ wkhq dq HFP vkrxog eh
lqfoxghg lq wkh Judqjhu Fdxvdolw| whvw1

Zkloh wkh Judqjhu elyduldwh fdxvdolw| whvwv lqglfdwh wkh gluhfwlrq ri fdxvdo0
lw| ehwzhhq wzr yduldeohv/ wr jdlq lqvljkwv rq wkh ghjuhh ri vwuhqjwk ri fdxvdo
lqwhudfwlrqv ehwzhhq yduldeohv/ lw lv qhfhvvdu| wr xvh d pxowlyduldwh iudph0
zrun1

Elyduldwh Judqjhu fdxvdolw| whvwv E?c & ' 2� zhuh fduulhg rxw ehwzhhq wkh
vwdwlrqdu| yduldeohv lq wkh gdwdvhw1 Wkh vljql�fdqw uhvxowv duh suhvhqwhg lq
Wdeoh 44141 Wkh uhvxowv vxjjhvw wkdw lpsruw sulfhv gr kdyh dq h�hfw rq
sulfhv dqg surgxfwlrq lq wkh Dxvwudoldq slj lqgxvwu| wkurxjk d gluhfw h�hfw
rq surgxfwlrq dqg d wudqvlwlyh h�hfw rq sulfhv wkurxjk surgxfwlrq1

4Wkh Odjudqjh Pxowlsolhu I vwdwlvwlf lv pruh urexvw wkdq wkh I0whvw dqg OP�2 whvw
zkhq wkhuh duh qrq0olqhdulwlhv dqg orjjhg gdwd ^4</ ss ;:0<8`1
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4417 Lqfrusrudwlqj frlqwhjudwlrq ehwzhhq ydul0
deohv xvlqj Huuru Fruuhfwlrq Prghov

Wkh frqfhsw ri fr0lqwhjudwlrq dv h{srxqghg e| Hqjoh dqg Judqjhu ^6:`/ zklfk
xvhv dq Huuru Fruuhfwlrq Phfkdqlvp +HFP, wr lqfrusrudwh sdvw shulrgv*
glvhtxloleulxp/ dgguhvvhv wkh lvvxh ri lqwhjudwlqj vkruw0uxq g|qdplfv zlwk
orqj0uxq htxloleulxp zlwkrxw orvlqj orqj0uxq lqirupdwlrq1

Li wkh yduldeohv duh FL+4/4, dqg kdyh wkh fr0lqwhjudwlqj yhfwru dqfc3q�o/
vr wkdw wkh ghyldwlrqv ri +| iurp lwv orqj uxq sdwk +W| duh L+3,/ d prgho lq
�uvw gl�huhqfhv lqfrusrudwlqj dq huuru fruuhfwlrq phfkdqlvp +HFP, fdq eh
ghyhorshg1

Dq HFP lv ri wkh irup

{+| ' �{%| n � Eqf+|3� 3 q�%|3�� n >| +4415,

Li wkh suhvhqfh ri fr0lqwhjudwlrq lv hvwdeolvkhg/ wkh ghshqghqw yduldeoh
lv uhsodfhg e| wkh dssursuldwh olqhdu frpelqdwlrq ri wkh yduldeohv zklfk zh
h{shfw wr eh vwdwlrqdu| dqg wkh dssursuldwh HFP ^4<`1

Wklv ehfrphv pruh frpsolfdwhg zkhq zh pryh wr wkh pxowlyduldwh vhw0
wlqj1 Hvwlpdwlrq ri vlqjoh0htxdwlrq HFP prghov gr qrw surylgh vx!flhqw
lqirupdwlrq derxw wkh xqghuo|lqj GJS frpsduhg zlwk HFPv ghulyhg iurp
v|vwhpv ri htxdwlrqv/ hvshfldoo| lq fdvhv zkhuh zhdn h{rjhqhlw| grhv qrw krog1
Zhdn h{rjhqhlw| zloo qrw krog zkhq wkh HFP whupv rffxu lq pruh wkdq rqh
htxdwlrq ri wkh v|vwhp/ wkdw lv/ wkh| zloo eh suhvhqw lq rwkhu pdujlqdo glv0
wulexwlrqv dqg zloo qhhg wr eh hvwlpdwhg mrlqwo| wr pd{lplvh h!flhqf| ^47/
s 594`1 Wkh Mrkdqvhq surfhgxuh ^87` hqdeohv wkh qxpehu ri fr0lqwhjudwlqj
yhfwruv wr eh ghwhuplqhg lq d pd{lpxp olnholkrrg dssurdfk1 Iru h{dpsoh/
li wkh orqj uxq uhodwlrqvkls lv ri wkh irup

�| ' qf+| 3 kf 3 k�A 3
6-
�'�

q�%�| +4416,

dqg wkh frlqwhjudwlqj yhfwru lv
)
	qfc3	kfc3	q�c ���c3	q6

K
wkhq wkh pxowlyduldwh

HFP lv ri wkh irup

{%| ' ���{+| n k��A n ��2

#
	q�f%|3� 3 	k�f 3

6-
�'�

	q��+|3�
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n 0�| +4417,

{+| ' �2�{%| n k2�A n �22

#
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4418 Irupdwlrq ri d YDU prgho
Wkh YDU prgho/ lq pdwul{ irupdw/ fdq eh vkrzq dv=

~| ' kf n
&-

�'f

q�~|3� n 0| +4419,

zkhuh 0| lv d yhfwru ri zklwh qrlvh huuruv vxfk wkdw 0|0�| ' U dqg L lv dq lghqwlw|
pdwul{ lpso|lqj wkdw wkh huuruv duh frqwhpsrudqhrxvo| fruuhodwhg dqg lqwhu0
whpsrudoo| xqfruuhodwhg ^8;`1 Xqghu wkhvh vshfl�fdwlrqv wkh v|vwhp fdq eh
frqvlvwhqwo| hvwlpdwhg xvlqj ROV ^8:`1 Krzhyhu/ ehfdxvh wkhvh hvwlpdwhv duh
gl!fxow wr lqwhusuhw/ wkurxjk d surfhvv fdoohg lqyhuwlelolw|/ wkh �qlwh rughu
YDU surfhvv fdq eh lqyhuwhg lqwr d lq�qlwh rughu Prylqj Dyhudjh +PD,
surfhvv ^75`/ ^:7` zklfk lv hdvlhu wr lqwhusuhw1 D pdwul{ sro|qrpldo E+O, fdq
eh rewdlqhg iurp=

5 E|� ' �3� Eu�L E|� ' � Eu�L E|� +441:,

Zkhuh wkh pdwul{ sro|qrpldo E+O, gh�qhv wkh lpsxovh uhvsrqvh pdwul{
dqg lwv frh!flhqwv phdvxuh wkh g|qdplf uhvsrqvh ri hqgrjhqrxv yduldeohv
5 E|� frqvhtxhqw xsrq d xqlw fkdqjh lq lqqrydwlrqv hpdqdwlqj iurp d vshfl�hg
hqgrjhqrxv yduldeoh ^4:`/ ^8;`1

Krzhyhu/ wkh fruuhodwlrq ri lqqrydwlrqv dfurvv wkh htxdwlrqv frqixvhv wkh
gldjqrvlv ri glvwlqfw pryhphqw sdwwhuqv glvsod|hg e| wkh v|vwhp1 Lq wkh
frqyhqwlrqdo phwkrgrorj| wkh lvvxh ri frqwhpsrudqhrxv fruuhodwlrq dprqj
lqqrydwlrqv +huuruv, lv riwhq vxssuhvvhg e| duelwudu| uhvwulfwlrqv wkdw frq0
vwudlq wkh fruuhodwlrq ehwzhhq wzr yduldeohv wr eh xqlgluhfwlrqdo1 Lq wkh YDU
iudphzrun/ vlqfh doo yduldeohv duh frqvlghuhg wr eh hqgrjhqrxv/ dqg ehfdxvh
frqwhpsrudu| uljkw0kdqg yduldeohv duh rplwwhg dw wkh hvwlpdwlrq vwdjh/ dq|
frqwhpsrudqhrxv fruuhodwlrq vkrzv xs dv d fruuhodwlrq ehwzhhq wkh fxuuhqw
lqqrydwlrqv lq wkh yduldeohv ^73`1

Wr jhw durxqg wkh sureohpv ri frqwhpsrudqhrxv huuruv wkh yduldqfh0
fryduldqfh pdwul{ ri uhvlgxdov qhhgv wr eh wudqviruphg e| d gldjrqdo pdwul{
wr rewdlq ruwkrjrqdo lqqrydwlrqv wkxv jhwwlqj vwdwlvwlfdoo| dffhswdeoh uhvxowv
zlwk wkh huuru whupv qr orqjhu frqwhpsrudqhrxvo| fruuhodwhg1 Wkh whfkqltxh
ri Fkrohvnl idfwrulvdwlrq ^69` xvhv ruwkrjrqdolvdwlrq ri wkh lqqrydwlrqv wr
ryhufrph wkh sureohp ri frqwhpsrudqhrxv huuruv1 Wkh wuldqjxodulvhg lqqryd0
wlrq pdwul{ wudfhv rxw lq d uhfxuvlyh Zrog fdxvdo fkdlq wkh vkrfn pryhphqwv
^;8` dqg wkh YDU v|vwhp diwhu Fkrohvnl idfwrulvdwlrq fdq eh vkrzq dv=

5 E|� ' � Eu�T E|� +441;,

zkhuh T E|� lv jhqhudwhg wkurxjk wkh Fkrohvnl idfwrulvdwlrq whfkqltxh ^8;`1
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Wkh lghd ehklqg pdnlqj wkh huuru whupv ruwkrjrqdo wr hdfk rwkhu lv wr
hqdeoh wkh htxdwlrqv ri wkh YDU prgho wr eh xvhg vhsdudwho| iru vlpxodwlrqv
ru srolf| dqdo|vlv ri wkh lpsdfw ri d nqrzq udqgrp vkrfn rq wkh v|vwhp ^4<`1
Wklv lv nqrzq dv wkh lpsxovh0uhvsrqvh phfkdqlvp1 Wkh lpsxovh0uhvsrqvh
phfkdqlvp lqglfdwhv krz wkh lpsdfw ri dq h{rjhqrxv vkrfn wr wkh ghshqghqw
yduldeoh lv vsuhdg ehwzhhq wkh yduldeohv ri wkh v|vwhp1

Rqh ri wkh sureohpv ri ruwkrjrqdolvlqj wkh yduldqfh0fryduldqfh pdwul{
ri uhvlgxdov lv wkdw wkh uhvxowv duh fulwlfdo rq wkh rughulqj ri wkh yduldeohv
zlwklq wkh YDUprgho1 D qhz whfkqltxh zklfk kdv ehhq ghyhorshg wr uhpryh
wkh sureohp ri wkh ghshqghqfh ri wkh lpsxovh uhvsrqvhv rq wkh rughulqj ri
yduldeohv lv wkh Jhqhudolvhg Lpsxovh Uhvsrqvh Ixqfwlrq ^:5`1 Zh suhvhqw
erwk wkh ruwkrjrqdolvhg dqg jhqhudolvhg lpsxovh uhvsrqvh ixqfwlrqv lq wkh
uhvxowv ehorz1

Qrw rqo| grhv wkh wudqviruphg pdwul{ hqdeoh vwdwlvwlfdoo| dffhswdeoh uh0
vxowv wr eh rewdlqhg iurp wkh lpsxovh0uhvsrqvh pdwul{ exw lw dovr hqdeohv
Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrq +IHYG, dqdo|vlv dvvrfldwhg zlwk
hdfk hqgrjhqrxv yduldeoh wr eh grqh1 IHYG dqdo|vlv lv xvhg iru iruhfdvwlqj
dqg srolf| dqdo|vlv vlpxodwlrqv dqg lqglfdwhv krz wkh vwuhqjwk ri wkh vkrfn
d�hfwv gl�huhqw yduldeohv dqg krz pxfk ri wkh vkrfn lv h{sodlqhg e| hdfk ri
wkh yduldeohv ^4<`/ ^8;`1

Wkh wrwdo lqqrydwlrqv jhqhudwhg e| dq hqgrjhqrxv yduldeoh rq lwvhoi dqg
rwkhu yduldeohv lq wkh v|vwhp fdq eh uhjdughg dv sursruwlrqdo wr wkh IHY1
Wkhvh IHYv ghvfuleh ixqgdphqwdo hfrqrplf irufhv/ ruwkrjrqdo e| frqvwuxfw/
wkdw fdxvh wkh hqgrjhqrxv yduldeohv 5E|� lq wkh v|vwhp wr vkliw ryhu wlph
^8;`/ ^96`1 Wkh yduldqfh ghfrpsrvlwlrq glylghv wkh IHY ri d jlyhq yduldeoh
dffruglqj wr wkh fdxvdo vwuhqjwk ri wkh lqqrydwlrq h�hfwv ri wkh yduldeoh rq
lwvhoi dqg rwkhu yduldeohv lq wkh v|vwhp1 Dq rswlpdo iruhfdvw lv rewdlqhg
zkhq wkh kljkhvw dprxqw ri lqqrydwlrqv e| wkh yduldeoh lv dffrxqwhg iru e|
lwvhoi1 Wkh pdjqlwxgh ri wkh IHY surylghv dq hvwlpdwh ri wkh Judqjhu fdxvdo
vwuhqjwk ri wkh lqqrydwlqj yduldeoh rq wkh rwkhu yduldeohv lq wkh YDU v|vwhp
^8;`/ ^;6`1

Rqh ri wkh sureohpv zlwk wkh ruwkrjrqdolvdwlrq ri wkh huuru whupv lv wkdw
wklv pdnhv wkh uhvxowv ghshqghqw rq wkh rughulqj ri wkh yduldeohv zlwklq wkh
v|vwhp ri htxdwlrqv1 Wkh Jhqhudolvhg IHYG doorzv rughu0lqghshqghqw gh0
frpsrvlwlrqv ri h�hfwv wr eh fdofxodwhg1 Wkh gudz0edfn +ru dgydqwdjh$, wr
wklv surfhgxuh lv wkdw lw doorzv ihhgedfn phfkdqlvpv wr lpsdfw rq wkh ydul0
deohv xqghu frqvlghudwlrq1 Wkh ruwkrjrqdolvhg IHYGv sduwlwlrq wkh h�hfw
ri d sduwlfxodu yduldeoh rq wkh yduldeoh xqghu frqvlghudwlrq 0 iru h{dpsoh
zh pljkw frqfoxgh wkdw iru vdoh|dug sulfhv iru edfrqhuv wkh iruhfdvw huuru
yduldqfh lv ghfrpsrvhg lqwr 93( fdxvhg e| vdoh|dug sulfhv ri edfrqhuv/ 53(
fdxvhg e| vdoh|dug sulfhv iru fdwwoh/ 43( e| grphvwlf surgxfwlrq ri sljphdw/
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8( e| uhwdlo sulfhv ri srun/ 518( e| lpsruw sulfhv dqg 518( e| lpsruw yro0
xphv1 Wklv jlyhv d wrwdo ri 433(1 Lq rwkhu zrugv/ wkh ruwkrjrqdolvhg IHYGv
duh sduwldo frh!flhqwv1 Lq frqwudvw/ wkh jhqhudolvhg IHYGv doorz ihhgedfn
dprqjvw wkh yduldeohv lq wkh v|vwhp wr rffxu/ phdqlqj wkdw wkh shufhqwdjh
h�hfwv ri hdfk yduldeoh zloo eh pxfk kljkhu/ dqg qrw vxp wr 433(1 Wklv lv
d pruh uhdolvwlf dqdo|vlv/ dv revhuyhg ydoxhv duh d frpelqdwlrq ri wkh sduwldo
h�hfwv dqg wkh ihhgedfn h�hfwv1

4419 Vxppdu|
Wklv fkdswhu kdv uhylhzhg wkh wkhruhwlfdo edfnjurxqg wr prghoolqj lq d vl0
pxowdqhrxv htxdwlrq iudphzrun wdnlqj lqwr frqvlghudwlrq wkh g|qdplf dqg
vwrfkdvwlf qdwxuh ri wkh uhodwlrqvkls ehwzhhq vxsso| dqg ghpdqg1 E| h{0
whqglqj wkh dwkhruhwlfdo qdwxuh ri dxwruhjuhvvlyh glvwulexwhg odj prghov wr d
pxowlyduldwh iudphzrun/ dqg doorzlqj iru frlqwhjudwlrq ehwzhhq yduldeohv zh
duh deoh wr dghtxdwho| fdswxuh erwk wkh vkruw dqg orqj uxq lqwhu0uhodwlrqvklsv
ehwzhhq hfrqrplf yduldeohv1

Judqjhu fdxvdolw| whvwv zhuh fduulhg rxw dqg vxjjhvw wkdw lpsruw sulfhv
gr kdyh d fdxvdo h�hfw rq grphvwlf surgxfwlrq ri sljphdw/ ixuwkhu wkhuh
vhhpv wr eh el0gluhfwlrqdo fdxvdolw| ehwzhhq uhwdlo dqg surgxfhu sulfhv iru
phdw/ vxjjhvwlqj vfrsh iru ixuwkhu prghoolqj ri wkh forvh vxevwlwxwlrq ehwzhhq
phdwv1
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Fkdswhu 45

D YDU prgho ri wkh Dxvwudoldq
slj lqgxvwu|

4514 Lqwurgxfwlrq
Lq wklv fkdswhu zh wdnh lqwr frqvlghudwlrq wkh vlpxowdqhrxv iudphzrun eh0
wzhhq ghpdqg dqg vxsso| dqg doorz iru ihhgedfn h�hfwv ehwzhhq sulfhv dqg
surgxfwlrq1 Wkh hqg uhdolvdwlrq ri sulfhv dqg surgxfwlrq zloo ghshqg rq wkh
lqwhudfwlrqv ehwzhhq vkruw0uxq dqg orqj0uxq h�hfwv1 Zh �uvw whvw iru wkh
suhvhqfh ri frlqwhjudwlrq ehwzhhq sulfhv dqg surgxfwlrq lq d pxowlyduldwh
iudphzrun ehiruh exloglqj d YDU prgho ri wkh Dxvwudoldq slj lqgxvwu| wr
h{dplqh wkh uhodwlrqvklsv ehwzhhq sulfhv dqg surgxfwlrq1

4515 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq
Wkh yduldeohv xqghu frqvlghudwlrq/ vdoh|dug sulfhv iru fdwwoh dqg edfrqhuv/
wkhlu uhvshfwlyh uhwdlo sulfhv/ dqg surgxfwlrq ri sljphdw/ duh doo U E�� iurp wkh
shulrg 4<<3=4 wr 4<<:=51 Zh wdnh wklv dv wkh uhohydqw shulrg ri wlph wr ghyhors
d vxlwdeoh prgho wr eh xvhg iru iruhfdvwlqj sxusrvhv1 Lq dgglwlrq wr wkhvh
qrq0vwdwlrqdu| yduldeohv/ lpsruw yroxph dqg sulfh ri sljphdw iurp Fdqdgd/
zklfk duh U Ef� fdq eh lqfrusrudwhg dv dgglwlrqdo ghwhuplqlvwlf uhjuhvvruv lq
wkh Yhfwru Huuru Fruuhfwlrq Prgho1 Zh fdq whvw wkh U E�� yduldeohv iru wkh
suhvhqfh ri frlqwhjudwlrq ehiruh xvlqj wkhp lq d YHF prgho iudphzrun1

Wkh Mrkdqvhq surfhgxuh ^87` lv txlwh hdv| wr lpsohphqw lq sudfwlfh/ gxh wr
wkh zlgh dydlodelolw| ri dxwrpdwhg prgxohv zlwklq vwdwlvwlfdo vriwzduh1 Diwhu
vshfli|lqj wkh U E�� dqg U Ef� yduldeohv +iru h{dpsoh/ vhdvrqdo gxpplhv, wr
lqfoxgh lq wkh Mrkdqvhq surfhgxuh dqg zkhwkhu ru qrw wr lqfoxgh dq lqwhufhsw
ru wuhqg/ wkh Olnholkrrg Udwlr whvw iru wkh Pd{lpdo Hljhqydoxh dqg Wudfh ri
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Wdeoh 4514= Mrkdqvhq Pxowlyduldwh Frlqwhjudwlrq Whvw
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD
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wkh Vwrfkdvwlf Pdwul{ iru wkh qxpehu ri frlqwhjudwlqj uhodwlrqv lv fduulhg rxw
+Vhh Wdeoh 4514,1

Wkh whvw ghwhuplqhv wkh qxpehu ri frlqwhjudwlqj uhodwlrqv wkdw h{lvw eh0
wzhhq wkh orjv ri wkh U E�� yduldeohv VST/ VEIT/ UST/ dqg SSGT zlwk
wkh U Ef� yduldeohv VFDPST/ VFDPYT dqg wkh 4r| wr 6o_ vhdvrqdo gxp0
plhv dorqj zlwk dq lqwhufhsw dqg wlph wuhqg lq d YDU+5, iudphzrun1 Wkh
uhvxowv vkrz wkdw wkhuh duh qr frlqwhjudwlqj yhfwruv lq d pxowlyduldwh iudph0
zrun1 Wklv lv lq frqwudvw wr wkh DEDUH ^4` vwxg| zklfk irxqg hylghqfh ri
frlqwhjudwlrq ehwzhhq ehhi dqg sljphdw sulfhv1 Wkhuh duh wzr srlqwv khuh1
Wkh �uvw srlqw lv wkdw wkh DEDUH frlqwhjudwlrq dqdo|vlv zdv frqgxfwhg lq
d elyduldwh iudphzrun/ udwkhu wkdq d pxowlyduldwh iudphzrun1 Wkh srzhu ri
wkh Mrkdqvhq pxowlyduldwh frlqwhjudwlrq whvw lv jhqhudoo| juhdwhu wkdq wkdw
ri wkh Hqjoh0Judqjhu elyduldwh frlqwhjudwlrq whvw1 Ixuwkhu/ wkh duelwudu| gl0
fkrwrplvdwlrq ri yduldeohv lqwr h{rjhqrxv dqg hqgrjhqrxv yduldeohv xqghu
wkh Hqjoh0Judqjhu dssurdfk dvvxphv wkh suhvhqfh ri rqo| rqh frlqwhjudwlqj
yhfwru/ udwkhu wkdq wkh srvvlelolw| ri pxowlsoh frlqwhjudwlqj yhfwruv wkdw fdq
eh lghqwl�hg xqghu wkh Mrkdqvhq surfhgxuh1

Wkh vhfrqg srlqw lv wkdw wkh DEDUH dqdo|vlv zdv frqgxfwhg ryhu wkh
zkroh wlph shulrg +erwk suh0 dqg srvw0vkrfn,1 Vdoh|dug sulfhv iru edfrqhuv
ryhu wkh suh0vkrfn shulrg kdyh ehhq irxqg wr eh vwdwlrqdu|/ U Ef�/ dqg wkhuh0
iruh lw zdv lqdssursuldwh wr frqgxfw frlqwhjudwlrq whvwv rq yduldeohv zklfk
zhuh lqwhjudwhg ri d gl�huhqw rughu1

Wkh wklug/ dqg prvw lpsruwdqw srlqw/ lv wkdw wkh yduldeohv kdyh ehhq orj0
wudqviruphg1 Uh0vshfli|lqj wkh yduldeohv lq wkhlu ohyhov vwdwh uhvxowv lq wzr
frlqwhjudwlqj yhfwruv ehlqj lghqwl�hg1 Zh h{soruh wkh uhvxowlqj YHF prgho
lq fkdswhu 461

Lq wklv fdvh/ hyhq wkrxjk wkh yduldeohv duh qrq0vwdwlrqdu|/ wkhuh duh qr
vkruw0uxq g|qdplfv/ zklfk duh orvw lq wkh wudqvirupdwlrq wr vwdwlrqdu| vhulhv/
wkdw fdq eh uhfdswxuhg lq dq Huuru0Fruuhfwlrq iudphzrun1 Lq wklv fdvh d
vlpsoh YDU zlwk vwdwlrqdu| yduldeohv lv vx!flhqw wr fdswxuh wkh g|qdplfv
ri wkh v|vwhp1
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4516 YDU prgho uhvxowv
Wkh YDU prgho uhjuhvvhv wkh yduldeohv GVST/ GVEIT/ GUEIT/ GUST/
GSSGT/ VFDPYT/ VFDPST4/ zlwk d frqvwdqw/ wlph wuhqg dqg vhdvrqdo
gxpplhv +'�

| c '
2
| c '

�
| , ryhu wkh srvw wudgh olehudolvdwlrq shulrg/ iurp 4<<3=4

wr 4<<:=5/ zlwk iruhfdvwv wr 4<<;=41 Wkh odj ohqjwk ri wkh YDU qhhgv wr eh
ghwhuplqhg/ wkh DLF fdq eh xvhg wr fkrrvh wkh dssursuldwh odj ohqjwk1 Gxh wr
gdwd frqvwudlqwv d YDU+6, prgho zdv wkh pd{lpxp srvvleoh1 Uhgxflqj wkh
odj ohqjwk vhtxhqwldoo| vkrzhg wkdw wkh DLF zdv dw d plqlpxp zlwk d YDU
rughu ri 5 odjv/ wkhuhiruh d YDU+5, prgho zdv fkrvhq dv wkh pruh dssursuldwh
prgho wr eh hvwlpdwhg1 Vlqfh wkh frh!flhqwv ri wkh YDU prgho/ lq orjjhg
gl�huhqfhg irup/ duh qrw gluhfwo| lqwhusuhwdeoh/ rqo| wkh lpsxovh0uhvsrqvh
ixqfwlrqv dqg wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv duh uhsruwhg1

451614 Lpsxovh0Uhvsrqvh ixqfwlrqv

Wkh lpsxovh uhvsrqvh ixqfwlrqv wudfh rxw wkh h�hfwv ri d vkrfn wr d sduwlfxodu
yduldeoh rq lwvhoi dqg wkh rwkhu yduldeohv ryhu wlph1 Wkh| duh suhvhqwhg lq
Iljxuhv 4514 dqg 45151 Wkh lpsxovh uhvsrqvh ixqfwlrqv lqglfdwh krz wkh
fkdqjhv lq wkh uhvshfwlyh yduldeohv dgmxvw ryhu wlph +lq txduwhuv, wr d vlqjoh
vkrfn wr d sduwlfxodu yduldeoh1 Vlqfh wkh yduldeohv duh vwdwlrqdu|/ wkdw lv/ lq
orjjhg gl�huhqfhg irup/ wkh lpsxovh uhvsrqvh ixqfwlrqv vkrz krz wkh fkdqjhv
lq wkh yduldeohv dgmxvw wr d vwdeoh htxloleulxp/ udwkhu wkdq wkh ohyhov ri wkh
yduldeohv wkhpvhoyhv1 Wkh uhvxowv lqglfdwh wkdw uhjdugohvv ri zklfk yduldeoh
lv vkrfnhg/ lpsruw yroxphv/ dqg wr d ohvvhu h{whqw lpsruw sulfhv/ duh wkh
ohdvw vwdeoh/ wdnlqj ehwzhhq 5 dqg 7 |hduv +;045 krul}rq shulrgv/ ru txduwhuv,
lq wkh fdvh ri lpsruw yroxphv wr uhwxuq wr d vwdeoh htxloleulxp1 Wkh rwkhu
yduldeohv vhhp wr eh txlwh vwdeoh lq uhvsrqvh wr d vkrfn/ uhwxuqlqj txlfno| wr
wkh htxloleulxp1 Wklv uhvxow krogv lq hlwkhu fdvh ri xvlqj wkh ruwkrjrqdolvhg
lpsxovh uhvsrqvh ixqfwlrqv/ ru wkh jhqhudolvhg lpsxovh uhvsrqvh ixqfwlrqv1

Wklv lqglfdwhv wkdw wkh prgho/ lq gl�huhqfhg vwdwlrqdu| irup/ lv txlwh
urexvw wr vkrfnv dqg fdq eh xvhg iru iruhfdvwlqj dqg srolf| vlpxodwlrqv1

451615 Yduldqfh Ghfrpsrvlwlrq

Wkh ghfrpsrvlwlrq ri wkh iruhfdvw huuru yduldqfh lqwr lwv ydulrxv frpsrqhqwv
iru hdfk yduldeoh lv vhw rxw lq Iljxuh 45161 Wkh iruhfdvw huuru yduldqfh gh0
frpsrvlwlrq +IHYG, vkrzv krz wkh yduldelolw| lq wkh sduwlfxodu yduldeoh lv
sduwlwlrqhg dprqjvw wkh rwkhu yduldeohv lq wkh YDU prgho1

4Zkhuh G uhihuv wr wkh �uvw gl�huhqfh { ri wkh orj0wudqviruphg yduldeoh dqg V uhihuv
wr wkh vhdvrqdo gl�huhqfh {e ri wkh orj0wudqviruphg yduldeoh1
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     Generalised Impulse Responses to one SE shock in the equation for DSBFQ
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    Orthogonalised Impulse Responses to one SE shock in the equation for DRPQ
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     Generalised Impulse Responses to one SE shock in the equation for DRPQ
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Iljxuh 4514= Ruwkrjrqdolvhg dqg Jhqhudolvhg Lpsxovh0Uhvsrqvh ixqfwlrqv iru
surgxfhu dqg uhwdlo sulfhv
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   Orthogonalised Impulse Responses to one SE shock in the equation for DPPDQ
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     Generalised Impulse Responses to one SE shock in the equation for DPPDQ
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   Orthogonalised Impulse Responses to one SE shock in the equation for SCAMPQ

 DSPQ         

 DSBFQ        

 DRPQ         

 DPPDQ        

 SCAMPQ       

 SCAMVQ       

Horizon

-0.1

-0.2

-0.3

-0.4

0.0

0.1

0.2

0.3

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 20

ES�

    Generalised Impulse Responses to one SE shock in the equation for SCAMPQ
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   Orthogonalised Impulse Responses to one SE shock in the equation for SCAMVQ
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    Generalised Impulse Responses to one SE shock in the equation for SCAMVQ
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Iljxuh 4515= Ruwkrjrqdolvhg dqg Jhqhudolvhg Lpsxovh0Uhvsrqvh ixqfwlrqv iru
grphvwlf surgxfwlrq dqg lpsruwv
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Vlqfh wkh YDU prgho lv irupxodwhg lq orj0gl�huhqfhg irup/ lq rughu wr
lqgxfh vwdwlrqdulw|/ wkh lqwhusuhwdwlrq ri wkh IHYGv duh voljkwo| gl�huhqw1
Qr orqjhu gr wkh IHYGv lqglfdwh krz wkh yduldelolw| lq d sduwlfxodu yduldeoh
lv sduwlwlrqhg dprqjvw wkh rwkhu yduldeohv lq wkh YDU/ exw wkh| lqglfdwh krz
wkh yduldelolw| lq wkh �uvw0gl�huhqfhv lq d sduwlfxodu yduldeoh lv sduwlwlrqhg
dprqjvw wkh rwkhu �uvw0gl�huhqfhg yduldeohv lq wkh YDU1 Zkhq zh wdon derxw
wkh yduldelolw| ri d sduwlfxodu yduldeoh ehlqj dwwulexwhg wr dqrwkhu yduldeoh
zh duh dfwxdoo| uhihuulqj wr wkh fkdqjhv lq wkdw sduwlfxodu yduldeoh1

Wkh ruwkrjrqdolvdwlrq ri wkh yduldqfh0fryduldqfh pdwul{ ri wkh uhvlgxdov
lpsrvhv dq rughu0vshfl�f rxwfrph ri wkh iruhfdvw huuru yduldqfh ghfrpsr0
vlwlrq1 Wdnlqj/ iru h{dpsoh/ Iljxuh 4516+d,/ wkh yduldqfh ghfrpsrvlwlrq iru
wkh fkdqjhv lq vdoh|dug sulfhv iru edfrqhuv zh fdq vhh wkdw 49( ri wkh ydul0
delolw| lq wkh fkdqjhv ri vdoh|dug sulfhv iru edfrqhuv lv fdxvhg e| fkdqjhv lq
wkh vdoh|dug sulfh ri fdwwoh/ 44( e| fkdqjhv lq wkh uhwdlo sulfh ri srun/ 8(
e| wkh fkdqjhv lq lpsruw sulfhv iru sljphdw/ dqg 7( hdfk iru wkh fkdqjhv
lq grphvwlf surgxfwlrq ri sljphdw dqg lpsruw yroxphv ri sljphdw1 Dv wklv
sduwlfxodu yduldqfh ghfrpsrvlwlrq lv wkh rqh zh duh prvw lqwhuhvwhg lq iurp
d srolf| shuvshfwlyh lq wklv uhsruw/ lw vhhpv wkdw rxu uhvxowv frq�up wkh lql0
wldo DEDUH dqg QVZ Jryhuqphqw uhsruwv frqfoxvlrqv 0 wkdw lpsruwv kdyh
kdg rqo| d plqlpdo h�hfw rq vdoh|dug sulfhv iru edfrqhuv1 Krzhyhu/ zkhq
zh uh0udq wkh dqdo|vlv zlwk d gl�huhqw rughu 0 GVST/ VFDPST/ VFDPYT/
GUST/ GSSGT/ GVEIT 0 wkh uhvxowv duh txlwh vwulnlqj +Vhh Iljxuh 4517,1
E| sodflqj lpsruw sulfhv dqg yroxphv kljkhu xs lq wkh rughulqj/ wkh| sod|
d juhdwhu uroh lq ghwhuplqlqj wkh ghfrpsrvlwlrq ri yduldqfh1 Iru vdoh|dug
sulfhv iru edfrqhuv/ Iljxuh 4517+d,/ fkdqjhv lq lpsruw yroxphv qrz frpsulvh
durxqg 58( ri wkh yduldqfh ri wkh fkdqjh lq vdoh|dug sulfhv iru edfrqhuv
zkhuhdv fkdqjhv lq wkh vdoh|dug sulfhv iru fdwwoh qrz rqo| frqwulexwh durxqg
5( ri wkh yduldqfh ri wkh fkdqjh lq vdoh|dug sulfhv iru edfrqhuv1

Wkh uhvxowv vkrz wkdw lw lv qrw vx!flhqw wr orrn dw wkh ruwkrjrqdolvhg
iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv zlwkrxw ixuwkhu h{dplqdwlrq ri wkh
dssursuldwh rughulqj ri yduldeohv1 Wkh jhqhudolvhg iruhfdvw huuru yduldqfh gh0
frpsrvlwlrqv duh pruh dssursuldwh wr lqwhusuhw dv wkh| duh rughu lqghshqghqw
0 hyhq wkrxjk wkh| kdyh wkh gudzedfn ri ihhgedfn phfkdqlvpv lpsdfwlqj rq
wkh ryhudoo frqwulexwlrq ri wkh yduldeohv wr wkh yduldqfh ghfrpsrvlwlrq1

Wkh jhqhudolvhg iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv duh suhvhqwhg lq
Iljxuh 45181 Wkhvh lqglfdwh wkdw lq wkh orqj uxq/ dsduw iurp wkh yduldelolw|
h{sodlqhg e| sdvw ydoxhv ri lwvhoi=

41 68( ri wkh yduldelolw| lq fkdqjhv lq vdoh|dug sulfh iru edfrqhuv lv h{0
sodlqhg e| fkdqjhv lq surgxfwlrq ri sljphdw/ 63( e| fkdqjhv lq lpsruw
yroxphv/ 53( e| fkdqjhv lq vdoh|dug sulfh ri fdwwoh/ dqg 43( hdfk e|
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fkdqjhv lq uhwdlo sulfh ri srun dqg lpsruw sulfh ri sljphdw1

51 58( ri wkh yduldelolw| lq fkdqjhv lq vdoh|dug sulfh iru fdwwoh lv h{sodlqhg
e| wkh fkdqjhv lq vdoh|dug sulfh ri edfrqhuv/ 43( e| fkdqjhv lq sur0
gxfwlrq ri sljphdw/ dqg durxqg 8( hdfk e| fkdqjhv lq wkh uhwdlo sulfh
ri srun/ dqg fkdqjhv lq lpsruw sulfh dqg yroxph ri sljphdw1

61 73( ri wkh yduldelolw| lq fkdqjhv lq uhwdlo sulfh ri srun lv h{sodlqhg
e| fkdqjhv lq lpsruw yroxphv ri sljphdw/ durxqg 53( e| fkdqjhv lq
surgxfwlrq ri sljphdw/ dqg durxqg 48( e| fkdqjhv lq vdoh|dug sulfh
ri fdwwoh dqg edfrqhuv dorqj zlwk fkdqjhv lq lpsruw sulfhv ri sljphdw1

71 68( ri wkh yduldelolw| lq fkdqjhv lq sljphdw surgxfwlrq lv h{sodlqhg
e| fkdqjhv lq lpsruw yroxphv ri sljphdw/ 63( e| fkdqjhv lq vdoh|dug
sulfhv iru edfrqhuv/ 53( e| fkdqjhv lq uhwdlo sulfh ri srun/ dqg durxqg
48( e| fkdqjhv lq vdoh|dug sulfhv ri fdwwoh dqg lpsruw sulfhv ri slj0
phdw1

81 78( ri wkh yduldelolw| lq fkdqjhv lq lpsruw sulfh ri sljphdw lv h{sodlqhg
e| fkdqjhv lq lpsruw yroxphv/ 58( e| fkdqjhv lq surgxfwlrq ri slj0
phdw/ 48 ( e| fkdqjhv lq vdoh|dug sulfh ri fdwwoh/ dqg durxqg 43( e|
fkdqjhv lq vdoh|dug sulfh iru edfrqhuv dqg uhwdlo sulfh ri srun1

91 68( ri wkh yduldelolw| lq fkdqjhv lq lpsruw yroxphv ri sljphdw lv h{0
sodlqhg e| fkdqjhv lq surgxfwlrq ri sljphdw dqg uhwdlo sulfhv ri srun/
63( e| fkdqjhv lq lpsruw sulfhv ri sljphdw/ dqg 43( dqg 48( e|
fkdqjhv lq vdoh|dug sulfhv iru edfrqhuv dqg fdwwoh uhvshfwlyho|

Wkh uhvxowv lq wklv fkdswhu zhuh suhvhqwhg lq d suhylrxv uhsruw ^:<`1 Wkh
sxeolfdwlrq ri wkh yduldqfh ghfrpsrvlwlrqv deryh jhqhudwhg d juhdw ghdo ri
frpphqw dqg xqiruwxqdwho| wkh qdwxuh ri wkh ghfrpsrvlwlrqv zhuh plvlq0
whusuhwhg e| wkh pdmrulw| ri fulwlfv1 Wdnlqj rqh looxvwudwlyh h{dpsoh/ wkh
IHYGv vkrz wkdw 73( ri wkh yduldelolw| lq fkdqjhv lq uhwdlo sulfh lv h{sodlqhg
e| fkdqjhv lq lpsruw yroxphv1 Wklv zdv plvlqwhusuhwhg dv vxjjhvwlqj wkdw
lpsruwv ohg wr d 73( ghfolqh lq uhwdlo sulfhv1 Vlploduo|/ lw zdv vxjjhvwhg wkdw
lpsruwv ohg wr d 63( ghfolqh lq vdoh|dug sulfhv iru edfrqhuv1 Lw lv d plvwdnh
wr lqihu dq devroxwh fkdqjh lq sulfhv iurp wkh IHYGv1 Udwkhu/ wkh IHYGv
vkrz d uhodwlyh fkdqjh lq sulfh1 Wkh judsk ri uhwdlo sulfhv lq Iljxuh 816 vkrz
wkdw uhwdlo sulfhv duh qrw vxemhfw wr odujh yduldelolw|1 Zkdw wkh IHYGv gr lv
lqglfdwh zkdw/ li wkhuh lv dq| fkdqjh +qr pdwwhu krz odujh wkh devroxwh ydoxh
ri wkdw fkdqjh lv,/ wkh uhvshfwlyh frqwulexwlrqv ri hdfk ri wkh yduldeohv lq wkh
YDU prgho lv wr wkdw sduwlfxodu fkdqjh1 Erwk wkh uhjuhvvlrq frh!flhqwv dqg
wkh IHYGv qhhg wr eh wdnhq lqwr frqvlghudwlrq wrjhwkhu lq rughu wr jhw dq
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lghd ri wkh g|qdplf lqwhudfwlrqv ehwzhhq wkh yduldeohv lq wkh hfrqrphwulf
prgho fkrvhq1

451616 Pxowlyduldwh Judqjhu Fdxvdolw|

Pxowlyduldwh Judqjhu Fdxvdolw| zdv fduulhg rxw wr whvw iru wkh uhmhfwlrq ri
wkh qxoo k|srwkhvlv ri qrq0fdxvdolw| ri wkh vshfl�hg yduldeohv rq wkh uhvw ri
wkh YDU prgho1 Vlqfh wkhuh duh d odujh qxpehu ri frpelqdwlrqv ri yduldeohv
wkdw fdq eh whvwhg iru Judqjhu Fdxvdolw|/ rqo| wkh pruh uhohydqw rqhv wr wklv
lqtxlu| duh uhsruwhg lq Wdeoh 45151 Wkh uhvxowv lqglfdwh wkdw doo wkh yduldeohv/
h{fhsw iru vdoh|dug sulfh ri edfrqhuv dqg uhwdlo sulfh ri srun/ Judqjhu Fdxvh
wkh rwkhu yduldeohv lq wkh YDU prgho1 Krzhyhu/ zkhq vdoh|dug sulfh ri
edfrqhuv dqg uhwdlo sulfh ri srun duh wdnhq wrjhwkhu/ wkh| mrlqwo| Judqjhu
Fdxvh wkh rwkhu yduldeohv lq wkh YDU prgho/ exw vdoh|dug sulfh iru edfrqhuv
dqg surgxfwlrq ri sljphdw wrjhwkhu vhhp wr kdyh d fdqfhoolqj rxw h�hfw dqg
gr qrw Judqjhu Fdxvh wkh rwkhu yduldeohv lq wkh YDU prgho1

Wkh uhvxowv duh qrwhzruwk|/ dv wkh| lpso| wkdw lpsruw sulfh dqg yroxph
gr Judqjhu Fdxvh wkh rwkhu yduldeohv lq wkh YDU prgho1 Wklv lv lq frqwudvw
wr wkh QVZ Jryhuqphqw vxeplvvlrq wr wkh Lqgxvwu| Frpplvvlrq Lqtxlu|
^78` zklfk irxqg wkdw lpsruw yroxphv kdg qr fdxvdo h�hfw rq vdoh|dug sulfhv
lq QVZ/ exw glg kdyh d fdxvdo h�hfw rq uhwdlo sulfhv1 Rqh srvvleoh h{sod0
qdwlrq iru wklv lv wkh odfn ri lqfrusrudwlrq ri vhdvrqdo h�hfwv lq wkh Judqjhu
Fdxvdolw| dqdo|vlv fduulhg rxw e| wkh QVZ Jryhuqphqw vxeplvvlrq1 Wkh
uhvxowv ri wklv uhsruw vxjjhvw wkdw vhdvrqdo h�hfwv gr sod| dq lpsruwdqw sduw
lq wkh gdwd jhqhudwlqj surfhvv iru vdoh|dug sulfhv iru edfrqhuv/ exw gr qrw
sod| dq lpsruwdqw uroh lq wkh GJS iru uhwdlo sulfhv1 Ehfdxvh vhdvrqdo h�hfwv
gr qrw sod| d uroh lq uhwdlo sulfhv* GJS wkh Judqjhu Fdxvdolw| h�hfwv duh
vljql�fdqw/ zkhuhdv wkh frqirxqglqj ri wkh vhdvrqdo h�hfwv lq wkh GJS iru
vdoh|dug sulfhv pd| zhdnhq wkh Judqjhu Fdxvdolw| h�hfwv li vhdvrqdolw| lv
qrw wdnhq lqwr frqvlghudwlrq1 Ixuwkhu/ elyduldwh Judqjhu Fdxvdolw| whvwv/ dv
xqghuwdnhq e| wkh QVZ Jryhuqphqw vxeplvvlrq/ gr qrw wdnh lqwr frqvlghu0
dwlrq pxowlyduldwh h�hfwv/ zklfk pd| kljkoljkw uhodwlrqvklsv qrw prghoohg lq
d elyduldwh iudphzrun1

451617 Iruhfdvwv

Wkhuh lv d txhvwlrq ri krz zhoo wkh YDU prgho dv vshfl�hg suhglfwv ixwxuh
fkdqjhv lq wkh yduldeohv1 Iljxuh 4519 vhwv rxw wkh dfwxdo dqg iruhfdvwhg ydoxhv
iru wkrvh yduldeohv iru zklfk gdwd h{lvwv iru wkh srvw vdpsoh shulrg1 Wkdw lv/
wkh prgho iurp 4<<3=4 wr 4<<:=5 lv xvhg wr suhglfw ydoxhv rxw wr 4<<;=41 Wkh
uhvxowv lqglfdwh wkdw wkh YDU prgho lv zhoo vshfl�hg dv lw wudfnv fkdqjhv lq
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Wdeoh 4515= Pxowlyduldwh Judqjhu Fdxvdolw| whvwv 0 whvw ri eorfn qrq0fdxvdolw|
Yduldeoh OU �2

�f Yduldeoh OU �2
�S
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Iljxuh 4519= Pxowlyduldwh g|qdplf iruhfdvwv

wkh ohyhov ri wkh yduldeohv uhdvrqdeo| zhoo1 Li wkh YDU prgho zdv xvhg wr
iruhfdvw vdoh|dug sulfhv iru edfrqhuv dqg surgxfwlrq ri sljphdw wkh uhvxowv
lpso| wkdw wkh iruhfdvwv zrxog qrw eh wrr idu r� dfwxdo ydoxhv/ dw ohdvw lq
wkh vkruw0uxq1 Wkhuh duh vrph glvfuhsdqflhv zlwk wkh iruhfdvwv iru lpsruw
yroxphv dqg sulfhv/ dqg wkh YDU prgho grhv qrw vhhp wr wudfn wkh fkdqjhv
lq wkhvh wzr yduldeohv zhoo1 Wkh uhvxowv deryh lpso| wkdw fkdqjhv lq lpsruw
yroxphv dqg sulfhv duh ghwhuplqhg rxwvlgh wkh YDU v|vwhp +d uhdvrqdeoh
frqfoxvlrq jlyhq wkdw wkh Fdqdgldq sljphdw h{sruw vhfwru lv qrw prghoohg,1
Vlqfh d YDU prgho dvvxphv wkdw doo wkh yduldeohv duh hqgrjhqrxvo| ghwhu0
plqhg wkhuh lv vfrsh iru ixuwkhu h{whqvlrqv ri wkh YDU prgho wr h{rjhqhlw|
prghoolqj1
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451618 Vxppdu|

Wkh uhvxowv lpso| wkdw wkh YDUprgho lwvhoi lv urexvw wr vkrfnv dqg uhwxuqv wr
dq htxloleulxp txlfno|/ h{fhsw iru lpsruw yroxphv dqg sulfhv1 Lw lv vxvshfwhg
wkdw wkh odfn ri urexvwqhvv iru wkh lpsruw yroxphv dqg sulfhv/ dqg wkh fruuh0
vsrqglqj orz ohyhov ri iruhfdvw huuru yduldqfh h{sodlqhg e| wkh rwkhu yduldeohv
lq wkh YDU prgho/ lv gxh wr lpsruwv ehlqj h{rjhqrxvo| ghwhuplqhg/ udwkhu
wkdq ehlqj dq lqwhjudo sduw ri wkh YDU v|vwhp1 Wkh jhqhudoo| dffhswhg vpdoo
frxqwu| dvvxpswlrq 0 wkdw Dxvwudold idfhv d shuihfwo| hodvwlf iruhljq vxsso|
fxuyh dv lw lv d sulfh wdnhu rq zruog pdunhwv 0 lv d srvvleoh h{sodqdwlrq iru
wklv h{rjhqhlw|1

H{fhsw iru lpsruw yroxphv dqg sulfhv lw vhhpv wkdw wkh YDU prgho lv d
jrrg iruhfdvwhu ri yduldwlrq lq vdoh|dug sulfh iru edfrqhuv dqg surgxfwlrq ri
sljphdw1 Wkh YDU prgho vkrzv wkh uhodwlyh lpsruwdqfh ri hdfk yduldeoh lq
wkh ghwhuplqdwlrq ri fkdqjhv wr rwkhu yduldeohv1 Wkh uhvxowv lqglfdwh wkdw
68( ri wkh yduldelolw| lq wkh vdoh|dug sulfh iru edfrqhuv lv ghwhuplqhg e|
sljphdw surgxfwlrq dqg 58( e| wkh vdoh|dug sulfh ri fdwwoh1 Wklv vxssruwv
wkh frqfoxvlrqv ri suhylrxv vwxglhv/ lqfoxglqj wkh wzr DEDUH uhsruwv ^4`/
^6`1 Lq dgglwlrq/ lpsruw yroxphv vhhp wr sod| d pdmru uroh lq ghwhuplqlqj
yduldelolw| lq wkh vdoh|dug sulfh iru edfrqhuv dqg uhwdlo sulfhv iru srun 0 frq0
wulexwlqj 63( dqg 73( uhvshfwlyho| 1 Wklv uhvxow vxssruwv lqgxvwu| fodlpv ri
dq h�hfw ri lpsruwv lq ghsuhvvlqj sulfhv1 Wkh yduldeohv lq wkh YDU prgho gr
qrw vhhp wr kdyh d pdmru uroh lq ghwhuplqlqj yduldelolw| lq wkh vdoh|dug sulfh
iru fdwwoh 0 zlwk durxqg <3( ri wkh yduldelolw| lq wkh vdoh|dug sulfhv iru fdwwoh
ehlqj h{sodlqhg e| lwvhoi/ wklv lv wr eh h{shfwhg/ dv hfrqrplf wkhru| vxjjhvwv
wkdw wkh vdoh|dug sulfh iru fdwwoh zrxog eh ghwhuplqhg e| lwv rzq vxsso|
dqg ghpdqg uhodwlrqvklsv/ qrw prghoohg lq wklv YDU iudphzrun1 Wkh ydul0
delolw| lq surgxfwlrq ri sljphdw vhhp wr eh d�hfwhg e| erwk vdoh|dug sulfhv
iru edfrqhuv +63(, dqg lpsruw yroxphv ri sljphdw +68(,/ djdlq vxssruwlqj
lqgxvwu| fodlpv ri dq h�hfw ri lpsruwv rq wkh grphvwlf vxsso| fxuyh1

Pxowlyduldwh Judqjhu Fdxvdolw| whvwv vxssruw wkh frqwhqwlrq wkdw lpsruw
yroxphv dqg sulfhv kdyh dq h�hfw rq wkh g|qdplfv ri wkh YDU prgho1 Wkh
whvwv dovr vxssruw wkh jhqhudoo| dffhswhg ylhz wkdw vdoh|dug fdwwoh sulfhv dqg
surgxfwlrq kdyh dq h�hfw rq yduldeohv zlwklq wkh YDU prgho/ lqfoxglqj vd0
oh|dug sulfhv iru edfrqhuv dqg uhwdlo sulfhv iru srun1 D srvvleoh h{sodqdwlrq
iru wkh gl�hulqj uhvxowv ehwzhhq wkh QVZ Jryhuqphqw vxeplvvlrq wr wkh
Lqgxvwu| Frpplvvlrq Lqtxlu| ^78` lv wkh xvh ri elyduldwh udwkhu wkdq pxo0
wlyduldwh Judqjhu Fdxvdolw| whvwv/ dqg wkh idloxuh wr lqfrusrudwh vhdvrqdolw|
h�hfwv lqwr wkh prgho vwuxfwxuh1
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Fkdswhu 46

Prghoolqj wkh Dxvwudoldq slj
lqgxvwu| lq d YHF dqg
Vwdwh0Vsdfh iudphzrun

4614 Lqwurgxfwlrq
Lq wklv fkdswhu zh h{whqg wkh YDU prgho ri wkh Dxvwudoldq slj lqgxvwu| e|
oliwlqj wkh uhvwulfwlrq ri orj0vwdwlrqdulw| lq wkh yduldeohv lq wkh prgho1 Zh
whvw iru pxowlyduldwh frlqwhjudwlrq ehiruh vshfli|lqj d Yhfwru Huuru Fruuhf0
wlrq +YHF, prgho lq ohyhov irup1 Zh h{dplqh wkh lpsxovh0uhvsrqvh ixqfwlrqv
ri erwk wkh huuru fruuhfwlrq whupv dqg wkh yduldeohv wkhpvhoyhv wr jhw dq ds0
suhfldwlrq ri wkh vwdelolw| ri wkh prgho ehiruh xqghuwdnlqj g|qdplf iruhfdvwv
wr whvw wkh suhglfwlyh srzhu ri wkh prgho1

Kdylqj hvwlpdwhg d YHF prgho ri wkh Dxvwudoldq slj lqgxvwu| zh wxuq wr
d vwdwh0vsdfh uhsuhvhqwdwlrq ri wkh prgho/ doorzlqj iru wkh frh!flhqwv ri wkh
prgho wr ydu| wkurxjk wlph1 Wklv hqdeohv fkdqjhv olnh vwuxfwxudo euhdnv wr
eh h{solflwo| lqfrusrudwhg lqwr wkh prghoolqj iudphzrun dqg doorz g|qdplf
iruhfdvwv wr suhglfw ehwwhu1

4615 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq
Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq lv fduulhg rxw rq
d YDU+5, zlwk xquhvwulfwhg lqwhufhswv dqg wuhqgv zlwk wkh U E�� yduldeohv
ehlqj VST/ VEIT/ UST/ SSGT dqg wkh U Ef� yduldeohv ehlqj FDPYT dqg
FDPST dorqj zlwk wkh �r| wr �o_ vhdvrqdo gxpplhv1 Wkh wlph iudph lv
4<;7=6 wr 4<<:=51 Wkh uhvxowv lqglfdwh wkdw wkh k|srwkhvlv ri wzr frlqwhjudw0
lqj yhfwruv lv qrw uhmhfwhg +Vhh Wdeoh 4614 dqg 4615,1 Wkh olnholkrrg udwlr

475



Wdeoh 4614= Mrkdqvhq PO whvw iru Frlqwhjudwlrq
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � �2�fffS ���ffff DH�b�ff DD�f�ff
o $ � o ' 2 2e�Df.b 2e��Dff �b���ff �S�2Hff
o $ 2 o ' � S�D.f2 �H���ff 2��H�ff 2��2�ff
o $ � o ' e f�HSSbf ���Deff ���Deff b�.Dff

Wdeoh 4615= Frlqwhjudwlqj yhfwruv
FL yhfwru 7�' 7�8' -�' ��('
q� f�2SDe�f �f32 3f�f�eS�. 3f��D.bf �f3� f�b.ebf �f3.

q2 f�f2SSfS 3f�Deb..f �f32 3f�.HD.Hf �f32 f�DeH�f �f3.

�q� 3��ffff D�Df.D f���eHS 3f��S.�f �f3e

�q2 3��ffff f�2fSS� f�2bD�e 3f�2fS�f �f3D

FL pdwul{ ' dq�c q2o

Qrupdolvhg FL pdwul{ '
)
�q�c �q2

K

whvw iru wkh wudfh ri wkh vwrfkdvwlf pdwul{ vxjjhvwv wkdw rqo| rqh frlqwhjudw0
lqj yhfwru h{lvwv/ exw erwk wkh VEF dqg KTF +qrw uhsruwhg, frq�up wkh
uhvxow ri wkh olnholkrrg udwlr whvw iru wkh pd{lpdo hljhqydoxh ri wkh vwrfkdvwlf
pdwul{1

4616 YHF prgho uhvxowv
Zh hvwlpdwh d YHF+5/5, prgho4 zklfk lv suhvhqwhg lq Wdeohv 4616 dqg 46171

Wkh uhvxowv wr d odujh h{whqw frq�up wkh uhvxowv ri wkh lqglylgxdo DGO
prghov suhvhqwhg lq wkh suhylrxv fkdswhuv1 Fkdqjhv lq wkh vdoh|dug sulfh iru
edfrqhuv lv vljql�fdqwo| d�hfwhg e| lpsruw yroxphv1 Iru hyhu| 4333 wrqqhv
ri lpsruwv ri sljphdw iurp Fdqdgd wkh vdoh|dug sulfh iru edfrqhuv gursv e|
�f�.H� e�Sb.2f*&} wklv lv zlwklq wkh udqjh ri ydoxhv hvwlpdwhg iurp wkh DGO
prgho iru slj surgxfhu sulfhv1

Rqh ri wkh fulwlflvpv ohyhohg dw wkh uhvxowv ri rxu suhylrxv uhsruw ^:<`
zdv wkdw zh idlohg wr wdnh lqwr frqvlghudwlrq wkh h�hfw ri h{sruwv rq wkh
gdwd jhqhudwlqj surfhvv dqg lq e| grlqj vr zh pd| kdyh eldvhg wkh uhvxowv1
Wklv lv wuxh1 Wkh uhdvrq iru wklv rplvvlrq lv wkdw dghtxdwh h{sruw gdwd grhv
qrw h{lvw wkdw vkrzv wkh glylvlrq ri h{sruwv lqwr iduphg dqg ihudo sljphdw1
Zh uh0hvwlpdwhg wkh YHF prgho +uhvxowv qrw uhsruwhg, lqfrusrudwlqj h{sruw

4Wkdw lv/ 5 odjv zlwk 5 HFPv1
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Wdeoh 4616= YHF uhsuhvhqwdwlrq iru slj lqgxvwu|
{7�'| {-�'|

	q� 7	q
�

	q� 7	q
�

kf 3.H�fHff D��ffS� df���eo 3.e�H�S. ����f.b df�f�fo
{7�'| f��He.b f�2��eH df�e�fo f�fS��.� f��D��S df�SH.o
{-�'| f�f.H2e2 f�2�e�H df�.�.o 3f��fbbH f��eff df�f��o
{7�8'| f��.S2S f��e��b df�22So f���bD� f�fb�S�S df�ff�o
{��('| 3f�SSeef �f3S f�HS.�f �f3S df�eeHo 3f�SSHbf �f3S f�DSS�f �f3S df�2eDo
���T'| 3f��f.Hf �f3e f�eSb.f �f3D df�f2.o 3f�D�2ef �f3D f��fS.f �f3D df�fbfo
����'| f�f�2.�D f�f�bHe� df�D2Do 3f�ff�2.S. f�f�2bDS df�Hf2o

A 3f�S..bD f�eSHD2 df��DSo 3f�2fD�� f��fDbD df�DfSo
'�

| 32D�f2�2 e�H.�D df�fffo 3S�eD.S ���H2D df�febo
'2

| 3�e��S�H H�.2�� df��fHo 32�DD�H D�SbDf df�SD.o
'�

| H�fHee S�b��b df�2D�o .�..2b e�D2.b df�fbeo
.���

|3� 3f�fS�D�2 f�f2Sfb. df�f2fo 3f�ffDSD2. f�f�.fe2 df�.e2o
.��2

|3� f�����S f�2S�S� df�SSHo 3f�S2D2. f��.fH� df�ff�o
-2 f�.D2.S f�S.eH�

Wdeoh 4617= YHF uhsuhvhqwdwlrq iru slj lqgxvwu|
{7�8'| {��('|

	q� 7	q
�

	q� 7	q
�

kf 3�e��D�D. S��e�2� df�f2.o ��2�f �f. ��f.f �f. df�ffDo
{7�'| 3f�De�.2 f�2.HHf df�fDHo 3HH�.b�D eH.fH�D df�f.Ho
{-�'| 3f�fb2eeD f�2DH2f df�.22o 3e��bb�H eD��f�H df��Seo
{7�8'| f��2e2. f��.2.f df�e.So 3SSD�S�D �f�.2�S df�f��o
{��('| 3f�Hfeef �f3S f��feef �f3D df�eeSo 3f�f22�Hb f��H2e. df�bf�o
���T'| 3f�eHS�f �f3D f�DSD.f �f3D df��bDo ��Hb�� f�bHH2D df�fS�o
����'| f�f2SD�� f�f2�HbS df�2.eo 3e�fD�2 e�.e�b df���2o

A 3���DSD f�DSe2b df�f2�o 2�b��f�� bHDHS�e df�f2fo
'�

| 32�f�fD D�HSb. df�.��o 3De��.S2 �f2DDff df�fffo
'2

| .�f�b� �f�Df�. df�Df.o ���.2.� �H�Dfbb df�e..o
'�

| .�DbH. H��D�2 df��SHo 3bH�.2f�. �eDbfee df�Dfeo
.���

|3� 3f�fD..2. f�f��e�� df�f.eo 2f�2f�e D�b��e df�ff�o
.��2

|3� 3f�eHSfH f���DfH df����o 3��S.f�e DDfe.�S df�HfDo
-2 f����SD f�HH.f�
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yroxphv dqg xqlw ydoxhv1 Wkh uhvxowv lqglfdwh wkdw vdoh|dug sulfhv iru ed0
frqhuv duh ghsuhvvhg e| ���.e� b�2HD2f*&} iru hyhu| 4333 wrqqhv ri lpsruwv1
Wklv lv frpsdudwlyh zlwk wkh �f�.H� e�Sb.2f*&} uhvxow hvwlpdwhg lq wkh YHF
prgho lq wklv fkdswhu/ dqg wkh ���e2� S�fbe2f*&} uhvxow iru wkh YHF prgho
lqfrusrudwlqj zkrohvdoh sulfhv lq fkdswhu 471 Wkh s0ydoxh iru wkh lpsruw
yroxph frh!flhqw lq wkh YHF prgho lqfrusrudwlqj h{sruwv lv 3148:/ lqgl0
fdwlqj wkdw wkh suredelolw| ri d W|sh L huuru iru d rqh wdlohg whvw lv :1;8(/
mxvw rxwvlgh wkh fulwlfdo ydoxh ri 8(1 Vlqfh wkh ydoxh ri wkh frh!flhqw lv
doprvw wkh vdph dv wkdw ri wkh frh!flhqw lq wkh zkrohvdoh sulfhv YHF prgho
+���e2 � S�fbe2f*&},/ wkh lpsolfdwlrq lv wkdw lqfoxglqj h{sruw yroxphv dqg
ydoxhv dggv wr wkh yduldelolw| ri wkh prgho/ udwkhu wkdq fkdqjh wkh ydoxh
ri wkh frh!flhqw1 Wkh frh!flhqwv ri wkh h{sruw yroxph dqg ydoxh yduldeohv
duh qrw vljql�fdqw +s@31:<:/31:73 uhvshfwlyho|, lqglfdwlqj wkdw ghohwlqj wkhp
iurp wkh prgho zloo qrw fkdqjh wkh uhvxowv1

Wkh vdoh|dug sulfh iru ehhi fdwwoh h{klelwv d vljql�fdqw grzqzdug wuhqg
+hdfk txduwhu vhhv wkh sulfh iru fdwwoh gurs e| durxqg ���S� f�DS2f*&}, dqg
hyhu| '4133 lqfuhdvh lq wkh vdoh|dug sulfh iru edfrqhuv gursv wkh vdoh|dug
sulfh iru fdwwoh e| durxqg mf�De� f�2H*&}�

Wkh uhwdlo sulfh iru srun lv vljql�fdqwo| lq xhqfhg e| wkh vdoh|dug sulfh
iru fdwwoh zkhuh hyhu| '4133 lqfuhdvh lq fdwwoh sulfhv vkrzv durxqg d mf��e�
f�fb*&} lqfuhdvh lq wkh uhwdlo sulfh iru srun1 Wklv lpsolhv wkdw uhwdlohuv frq0
gxfw vsdwldo sulfh dyhudjlqj/ dv wkh lqfuhdvh lq fdwwoh sulfhv zloo  rz rqwr
lqfuhdvhv lq uhwdlo sulfhv iru ehhi/ ohdglqj wr d vxevwlwxwlrq ri frqvxphu gh0
pdqg rxw ri ehhi dqg lqwr srun1 Wkh uhwdlo sulfh lv dovr lq xhqfhg e| lpsruw
yroxphv> hyhu| 4333 wrqqhv ri lpsruwv ri sljphdw iurp Fdqdgd uhvxowv lq
d gurs lq uhwdlo sulfh ri durxqg D��2e � ��fS.2f*&}1 Djdlq/ wkh dv|pphwulf
uhvsrqvh ri uhwdlo sulfhv frpsduhg zlwk surgxfhu sulfhv vxjjhvwv wkdw pdunhw
srzhu rq wkh sduw ri uhwdlohuv h{lvwv1

Wkh surgxfwlrq ri sljphdw h{klelwv d vljql�fdqw xszdug wuhqg/ hyhu|
txduwhu vhhv surgxfwlrq lqfuhdvh e| durxqg dq dgglwlrqdo 2�b � bb wrqqhv1
Wkh lqfuhdvh lq wkh vdoh|dug sulfh iru edfrqhuv kdv d ghsuhvvlqj h�hfw rq
surgxfwlrq/ hdfk �2f*&} lqfuhdvh lq wkh vdoh|dug sulfh iru edfrqhuv uhgxfhv
surgxfwlrq e| durxqg HH�eb wrqqhv1 Dv zlwk wkh DGO prgho iru surgxfwlrq
wkh qhjdwlyh uhodwlrqvkls lv dq lqglfdwlrq ri wkh frezhe f|foh lpsdfwlqj rq
surgxfhu ghflvlrqv1 Wkh lqfuhdvh lq wkh vdoh|dug sulfh iru fdwwoh olnhzlvh kdv d
ghsuhvvlqj h�hfw/ hdfk �2f*&} lqfuhdvh lq wkh vdoh|dug sulfh iru fdwwoh uhgxfhv
surgxfwlrq e| durxqg S.� �f wrqqhv1 Lqfuhdvhv lq lpsruwv ri sljphdw iurp
Fdqdgd lqfuhdvhv surgxfwlrq e| ��b�f�bb&} iru hyhu| nj lpsruwhg1 Dv zlwk
wkh DGO prgho iru surgxfwlrq wkh qhjdwlyh uhodwlrqvklsv duh dq lqglfdwlrq
ri wkh frezhe f|foh lpsdfwlqj rq surgxfhu ghflvlrqv1

Wkh lpsxovh uhvsrqvh ixqfwlrqv dqg iruhfdvw huuru yduldqfh ghfrpsrvl0
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Wdeoh 4618= Jhqhudolvhg Iruhfdvw Huuru Yduldqfh Ghfrpsrvlwlrqv diwhu 53
txdwhuv

Yduldwlrq lq VST VEIT UST SSGT
VST f�H�.fS f��2S22 f���.ef f�f�eD.f
VEIT f�f�22DH f�S.f�b f�f2.e2� f�D����
UST f�.bHef f�fe�Db� f�e�HSe f�fffeff�
SSGT f��f�eD f�S2.eD f�f2Hb.b f�DSHS.

wlrqv duh vkrzq lq Iljxuhv 4614 wr 4617
Wkh lpsxovh uhvsrqvh ixqfwlrqv ri wkh huuru fruuhfwlrq whupv lq wkh YHF

prgho vkrz d vorz uhwxuq wr htxloleulxp/ wdnlqj durxqg 5 |hduv +; txduwhuv,
wr uhwxuq wr htxloleulxp diwhu d vkrfn wr d sduwlfxodu yduldeoh +Vhh Iljxuhv
4614+d0g,,1 Iru wkh v|vwhp dv d zkroh wkhvh HFPv vhhp wr frxqwhuedodqfh
hdfk rwkhu dqg d v|vwhp zlgh vkrfn uhwxuqv wr htxloleulxp lq mxvw ryhu 4 |hdu
+8 txduwhuv, +Vhh Iljxuh 4614+h,,1

Wkh lpsxovh uhvsrqvh ixqfwlrqv iru wkh yduldeohv lq wkh YHF prgho +Ilj0
xuhv 4615 dqg 4616, lqglfdwh wkdw d vkrfn wr wkh v|vwhp fdxvhv d shupd0
qhqw h�hfw1 Wkh yduldeohv gr qrw uhwxuq wr wkhlu ruljlqdo htxloleulxp diwhu d
vkrfn/ dv suhglfwhg e| DEDUH ^4/ 6` lq wkhlu HPDED vlpxodwlrqv1 Wkh qrq0
vwdwlrqdulw| frpsrqhqw ri wkh yduldeohv phdqv wkdw d vkrfn kdv d shupdqhqw
h�hfw uhvxowlqj lq wkh yduldeohv prylqj wr d qhz htxloleulxp1

Wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv duh vkrzq lq Iljxuh 46171 Wkh
uhodwlyh lpsruwdqfh ri hdfk yduldeoh wr wkh yduldwlrq lq wkh yduldeoh xqghu
lqyhvwljdwlrq lq wkh orqj uxq +8 |hduv, lv suhvhqwhg lq Wdeoh 46181

Pxowlyduldwh g|qdplf iruhfdvwv iru wkh YHF prgho duh fduulhg rxw +Vhh
Iljxuh 4618,1 Wkh iruhfdvwv lqglfdwh wkdw dowkrxjk wkh prgho lv d jrrg �w ri
lq0vdpsoh gdwd wkh iruhfdvwv idlo wr suhglfw pryhphqwv lq surgxfhu sulfhv dqg
surgxfwlrq +Vhh Wdeoh 4619,1 Wkh idloxuh wr suhglfw pryhphqwv lq vdoh|dug
sulfhv iru fdwwoh +Vhh Iljxuh 4618+e,, lv xqghuvwdqgdeoh/ jlyhq wkdw wkh gdwd
jhqhudwlqj surfhvv iru fdwwoh sulfhv zrxog eh h{rjhqrxv wr wkh YHF prgho/
exw wkh idloxuh wr suhglfw pryhphqwv lq surgxfhu sulfhv dqg surgxfwlrq iru
sljphdw qhhgv vrph h{sodqdwlrq1 Jlyhq wkdw wkh prgho suhglfwv pryhphqwv
lq uhwdlo sulfhv uhdvrqdeo| zhoo/ rqh srvvleoh h{sodqdwlrq lv wkdw wkh lqwur0
gxfwlrq ri qhz lpsruw surwrfrov lq Qryhpehu 4<<: kdv djdlq fkdqjhg wkh
gdwd0jhqhudwlqj surfhvv ri wkh Dxvwudoldq slj lqgxvwu|1 Wkh dfwxdo surgxfhu
sulfhv iru sljv lq 4<<;=5 lv 49519:2f2nj frpsduhg zlwk wkh iruhfdvw ydoxh ri
53913572f2nj1 Lq rughu wr vhh zkhwkhu wkh prgho fdq suhglfw ixwxuh yduld0
wlrqv lq yduldeohv/ dqg wr wdnh lqwr dffrxqw wkh srvvlelolw| wkdw d vwuxfwxudo
euhdn lq 4<<:=7 kdv fkdqjhg wkh GJS/ wkh YHF zdv uh0hvwlpdwhg xvlqj gdwd
iurp 4<;7=6 wr 4<<8=7 dqg iruhfdvwhg dkhdg wr 4<<;=5 +Vhh Iljxuh 4619,1 Wkh
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    Generalized Impulse Response(s) to one S.E. shock in the equation for SPQ
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   Generalized Impulse Response(s) to one S.E. shock in the equation for SBFQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for RPQ
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   Generalized Impulse Response(s) to one S.E. shock in the equation for PPDQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for SPQ
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   Generalized Impulse Response(s) to one S.E. shock in the equation for SBFQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for SPQ
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       Generalized Forecast Error Variance Decomposition for variable SPQ
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       Generalized Forecast Error Variance Decomposition for variable SBFQ
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       Generalized Forecast Error Variance Decomposition for variable RPQ
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 Multivariate dynamic forecasts for the level of SPQ
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 Multivariate dynamic forecasts for the level of SBFQ
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 Multivariate dynamic forecasts for the level of PPDQ
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Iljxuh 4618= YHF prgho pxowlyduldwh g|qdplf iruhfdvwv

uhvxowv lqglfdwh wkdw wkh prgho suhglfwv uhdvrqdeo| zhoo xs wr durxqg 7 txdu0
whuv dkhdg exw wkhq euhdnv grzq diwhu wkdw1 Wklv lv wkh jhqhudo h{shulhqfh
ri iruhfdvwlqj prghov1 Wkh iruhfdvwv vxjjhvw wkdw dowkrxjk wkh prgho*v suh0
glfwlyh delolw| vwduwv wr euhdn grzq diwhu d |hdu/ wkh iruhfdvwv iru wkh YHF
prgho +Iljxuh 4618, vkrxog suhglfw uhdvrqdeo| zhoo 5 wr 6 txduwhuv dkhdg1
Wklv lpsolhv wkdw wkhuh frxog eh d uhjlph fkdqjh zklfk kdv lpsdfwhg rq wkh
gdwd0jhqhudwlqj surfhvv dqg wkh idoo lq surgxfhu sulfhv frxog zhoo eh gxh wr
wkh fkdqjh lq lpsruw surwrfro diwhu Qryhpehu 4<<:1

4617 D vwdwh vsdfh prgho ri wkh Dxvwudoldq
slj lqgxvwu|

Lq wkh suhylrxv vhfwlrq zh hvwlpdwhg d YHF uhsuhvhqwdwlrq ri wkh Dxvwudoldq
slj lqgxvwu| dqg frqgxfwhg pxowlyduldwh g|qdplf iruhfdvwv lq dq dwwhpsw wr
dqdo|vh wkh srvw Qryhpehu 4<<: uhod{dwlrq ri wkh lpsruw surwrfrov1 Zkloh
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Wdeoh 4619= Pxowlyduldwh g|qdplf iruhfdvwv Phdq Vtxduh Huuruv
Lq0vdpsoh Iruhfdvw

VST :5177<: 493719
VEIT 4381578;
UST 6416789 757164;5
SSGT 6154f�f�2 ;1;5f�f�2
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 Multivariate dynamic forecasts for the level of SBFQ

 SBFQ         

 Forecast     

Quarters

100

150

200

250

300

1984Q3 1987Q1 1989Q3 1992Q1 1994Q3 1997Q1
1985Q4 1988Q2 1990Q4 1993Q2 1995Q4 1998Q2

1998Q2

E��
 Multivariate dynamic forecasts for the level of PPDQ

 PPDQ         

 Forecast     

Quarters

60000000

70000000

80000000

90000000

100000000

1984Q3 1987Q1 1989Q3 1992Q1 1994Q3 1997Q1
1985Q4 1988Q2 1990Q4 1993Q2 1995Q4 1998Q2

1998Q2

E��

 Multivariate dynamic forecasts for the level of RPQ
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wkh YHF prgho �wwhg wkh lq0vdpsoh gdwd yhu| zhoo lw idlohg wr suhglfw dgh0
txdwho| wkh idoo lq surgxfhu sulfhv lq 4<<;1 Zkloh wklv pd| kdyh ehhq gxh wr
fkdqjh lq lpsruw surwrfrov/ wkh euhdngrzq lq suhglfwlyh delolw| diwhu durxqg
rqh |hdu fdoov lqwr txhvwlrq zkhwkhu wkh idloxuh wr suhglfw fkdqjhv lq ydul0
deohv lv gxh wr wkh fkdqjh lq lpsruw surwrfro/ ru wkh plv0vshfl�fdwlrq ri wkh
YHF prgho1 Lq wklv fkdswhu zh dwwhpsw wr dgguhvv wklv lvvxh e| ghyhorslqj
d vwdwh0vsdfh prgho1 D vwdwh0vsdfh prgho doorzv xqrevhuydeoh yduldeohv +wkh
vwdwh yduldeohv, olnh vwuxfwxudo euhdnv wr eh lqfrusrudwhg dqg hvwlpdwhg dorqj
zlwk wkh revhuydeoh prgho1 Wkh vwdwh0vsdfh prgho xvhv wkh Ndopdq �owhu wr
hvwlpdwh YDU prghov zlwk fkdqjlqj frh!flhqwv1 Wkh dgydqwdjh ri wklv lv
wkdw frh!flhqwv zklfk duh fkdqjlqj gxh wr +xqrevhuydeoh, vwuxfwxudo euhdnv
fdq eh dffxudwho| hvwlpdwhg1

Wkh vwdwh vsdfh uhsuhvhqwdwlrq ri d g|qdplf v|vwhp lv jlyhq e|

1|n� ' 61| n �|n� +4614,

)| ' �� | nO�1| n�| +4615,

zkhuh )|/ d E?f �� yhfwru ri yduldeohv revhuyhg dw wlph |c 1| lv d +srvvleo|
xqrevhuyhg, Eo f �� vwdwh yhfwru/ 6/ ��/ dqg O� duh Eo f o�/ E?f &�/ dqg
E?f o� pdwulfhv ri sdudphwhuv uhvshfwlyho|/ dqg  | lv d E& f �� yhfwru ri
h{rjhqrxv yduldeohv ^7</ ss16:506:6`1 Htxdwlrq 4614 lv wkh vwdwh htxdwlrq
dqg htxdwlrq 4615 lv wkh revhuydwlrq htxdwlrq1 �| dqg �| duh d Eo f �� dqg
E?f �� yhfwru ri zklwh qrlvh whupv uhvshfwlyho| zlwk

. E�|�
�

�� '

�
"
f

iru | ' �
rwkhuzlvh

. E�|�
�

�� '

�
+
f

iru | ' �
rwkhuzlvh

. E�|�
�

�� ' f iru doo | dqg �

Jlyhq lqirupdwlrq derxw E)|c |� zh fdq hvwlpdwh 6/ ��/O�/ " dqg+ dqg
pdnh lqihuhqfhv derxw wkh vwdwh yhfwru 1| xvlqj wkh Ndopdq �owhu dojrulwkp1

Wkh vwdwh vsdfh prgho zdv hvwlpdwhg iru wkh YDU prgho ri surgxfhu
sulfhv +VST,/ uhwdlo sulfhv +UST,/ surgxfwlrq +SSGT,/ vdoh|dug sulfhv iru
fdwwoh +VEIT,/ lpsruw yroxphv +FDQYT, dqg lpsruw sulfhv +FDQST,/ doo
lq vwdwlrqdu| irup +l1h1 VST/ UST/ SSGT/ VEIT zhuh U E�� dqg FDQYT
dqg FDQST zhuh 7Ue Efc ��,1 Wkh prgho zdv hvwlpdwhg ryhu wkh shulrg
4<;7=4 wr 4<<:=6 dqg iruhfdvw dkhdg 43 txduwhuv1 Wkh uhvxowv duh suhvhqwhg
lq judsklfdo irupdw lq Iljxuhv 461: wr 461451

Wkh uhvxowv lqglfdwh wkdw wkh Ndopdq �owhu idlohg wr slfn xs wkh idoo lq sur0
gxfhu sulfh lq 4<<; +vhh Iljxuh 461:,/ wkxv wkh vwuxfwxudo euhdn wkdw rffxuhg
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Iljxuh 461:= Dfwxdo dqg iruhfdvw ydoxhv iru surgxfhu sulfhv

diwhu Qryhpehu 4<<: kdv fkdqjhg wkh gdwd jhqhudwlqj surfhvv iru surgxfhu
sulfhv/ lpso|lqj wkdw wkh fkdqjh lq lpsruw surwrfrov kdyh kdg dq h�hfw rq
wkh pdunhw htxloleulxp1 Wkh prgho dovr idlohg wr slfn xs wkh fkdqjhv lq sur0
gxfwlrq dqg wkh uhwdlo sulfh/ dowkrxjk wkh wlph vhulhv lv wrr vkruw wr jxdjh
zkhwkhu wkh gl�huhqfh ehwzhhq wkh dfwxdo dqg iruhfdvwhg ydoxhv duh vljql�0
fdqw1 Vdoh|dug sulfhv iru fdwwoh vhhp wr eh iruhfdvwhg uhdvrqdeo| zhoo/ djdlq lw
lv gl!fxow wr whoo zkdw wkh orqj whup iruhfdvw lv olnh jlyhq wkh vkruwqhvv ri wkh
rxw ri vdpsoh gdwd vhw1 Lpsruw yroxphv dqg sulfhv duh suhglfwhg dffxudwho|
e| wkh Ndopdq �owhu1

4618 Vxppdu|
Wkh uhvxowv ri wklv fkdswhu frq�up wkh uhvxowv ri wkh lqglylgxdo DGO prgho
htxdwlrqv1 Lw dsshduv wkdw iru hyhu| 4333 wrqqhv ri lpsruwv wkh surgxfhu
sulfh gursv e| durxqg �f�.H�e�Sb.2f*&} zkloh iru hyhu| '4133 lqfuhdvh lq wkh
surgxfhu sulfh fdwwoh sulfhv gurs e| durxqg mf�De � f�2H*&}� Fdwwoh sulfhv
d�hfw srun uhwdlo sulfhv zlwk d '4133 lqfuhdvh uhvxowlqj lq d mf��e� f�fb*&}
lqfuhdvh lq wkh uhwdlo sulfh iru srun dqg hyhu| 4333 wrqqhv ri lpsruwv uhvxowlqj
lq d gurs ri durxqg D��2e� ��fS.2f*&} iru wkh uhwdlo sulfh iru srun1

Wkh uhvxowv ri wklv fkdswhu lpso| wkdw uhwdlohuv frqgxfw vsdwldo sulfh dyhu0
djlqj ehwzhhq phdwv dqg wkh dv|pphwulf uhvsrqvh ri uhwdlo sulfhv frpsduhg
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Iljxuh 461;= Dfwxdo dqg iruhfdvw ydoxhv iru uhwdlo sulfhv

Iljxuh 461<= Dfwxdo dqg iruhfdvw ydoxhv iru fdwwoh sulfhv
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Iljxuh 46143= Dfwxdo dqg iruhfdvw ydoxhv iru surgxfwlrq

Iljxuh 46144= Dfwxdo dqg iruhfdvw ydoxhv iru lpsruw sulfhv
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Iljxuh 46145= Dfwxdo dqg iruhfdvw ydoxhv iru lpsruw yroxphv

zlwk surgxfhu sulfhv vxjjhvwv wkdw pdunhw srzhu rq wkh sduw ri uhwdlohuv1
Orrnlqj dw surgxfwlrq h�hfwv> hdfk �2f*&} lqfuhdvh lq surgxfhu sulfh uh0

gxfhv surgxfwlrq e| durxqg HH�eb wrqqhv frpsduhg zlwk dq �2f*&} lqfuhdvh
lq wkh fdwwoh sulfhv uhgxflqj surgxfwlrq e| durxqg S.� �f wrqqhv1 Lpsruwv
lqfuhdvh surgxfwlrq e| ��b�f�bb&} iru hyhu| nj lpsruwhg1 Dv zlwk wkh DGO
prgho iru surgxfwlrq wkh qhjdwlyh uhodwlrqvkls lv dq lqglfdwlrq ri wkh frezhe
f|foh lpsdfwlqj rq surgxfhu ghflvlrqv1

Wxuqlqj wr wkh lpsxovh uhvsrqvh ixqfwlrqv/ wkh ixqfwlrqv vxjjhvw wkdw
wkh vkruw0uxq ghyldwlrqv dzd| iurp wkh orqj0uxq htxloleulxpv shuvlvw lq wkh
v|vwhp iru xs wr 5 |hduv exw d v|vwhp zlgh vkrfn zloo kdyh frxqwhuedodqflqj
h�hfwv/ uhgxflqj wkh wlph wkh ghyldwlrqv shuvlvw wr mxvw ryhu 4 |hdu1

Vljql�fdqwo|/ vkrfnv wr wkh yduldeohv wkhpvhoyhv uhvxowv lq d shupdqhqw
vkliw dzd| iurp wkhlu orqj0uxq htxloleulxpv wr d qhz htxloleulxp1 Wklv lv
d ihdwxuh ri v|vwhpv zklfk duh qrq0vwdwlrqdu|/ dv h{sodlqhg lq vhfwlrq 9181
Wklv uhvxow frq�upv wkh frqwhqwlrq wkdw xqohvv qrq0vwdwlrqdulw| lv wdnhq lqwr
frqvlghudwlrq zkhq ghyhorslqj prghov/ wkh prghov zloo suhglfw d uhwxuq wr
wkh orqj0uxq htxloleulxp zkhq lq idfw wkh yduldeohv zloo qrw1 Wkh uhvxowv ri
wkh HPDED vlpxodwlrqv duh wkhuhiruh vxvshfw1

Pxowlyduldwh g|qdplf iruhfdvwv duh fduulhg rxw zklfk �w lq0vdpsoh gdwd
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yhu| zhoo exw idlo wr suhglfw wkh idoo lq surgxfhu sulfh lq 4<<;1 Hyhq wkrxjk
hfrqrphwulf prghov duh qrwrulrxvo| srru iruhfdvwhuv/ hvshfldoo| dv wkh iruhfdvw
shulrg lqfuhdvhv/ lw lv xqfhuwdlq zkhwkhu wkh idloxuh wr suhglfw wkh 4<<; idoo lq
surgxfhu sulfh lv gxh wr wkh prgho ru gxh wr wkh fkdqjh lq lpsruw surwrfrov
lq Qryhpehu 4<<:1

Vwdwh0vsdfh prghoolqj xvlqj d Ndopdq �owhu vxjjhvwv wkdw wkh pxowlyduldwh
iruhfdvwv lq wkh YHF prgho zhuh edvhg rq d jrrg prgho vshfl�fdwlrq/ dv wkh
Ndopdq �owhu dovr idlohg wr slfn xs wkh fkdqjh lq wkh gdwd jhqhudwlqj surfhvv
diwhu Qryhpehu 4<<:1 Wkh uhvxowv ri wkh vsdfh0vwdwh prgho vxjjhvw wkdw wkh
fkdqjh lq lpsruw surwrfro kdv kdg d qhjdwlyh h�hfw rq surgxfhu sulfhv dqg
wkdw wkh ghfolqh lq surgxfhu sulfhv lv qrw rqo| gxh wr dfwxdo lpsruwv exw dovr
gxh wr wkh lq xhqfh ri wkh wkuhdw ri xqlpshghg lpsruwv rq wkh Ehuwudqg
edujdlqlqj jdph ehwzhhq surgxfhuv dqg surfhvvruv1
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Fkdswhu 47

D YHF prgho ri
surgxfhu0wr0uhwdlo pdunhwlqj
pdujlq

4714 Lqwurgxfwlrq
Kdkq ^7:` vxjjhvwv wkdw wkhuh h{lvwv vlpxowdqhrxv htxdwlrq eldv ehwzhhq uhwdlo
dqg surgxfhu sulfh irupdwlrq/ d sureohp wkdw yrq Fudprq0Wdxedgho ^58`
vnluwv durxqg e| whvwlqj iru zhdn h{rjhqhlw| ehwzhhq sulfhv1 Wkh irupdwlrq
ri d Yhfwru Huuru Fruuhfwlrq +YHF, prgho vroyhv wklv sureohp/ e| h{solflwo|
wdnlqj lqwr frqvlghudwlrq wkh vlpxowdqhrxv qdwxuh ri sulfh irupdwlrq1 Lq wklv
fkdswhu zh irupxodwh d Yhfwru Huuru Fruuhfwlrq ri wkh surgxfhu0uhwdlo sulfh
pdujlq lq dq dwwhpsw wr h{soruh wkh qdwxuh ri wkh glyhujhqfh ehwzhhq wkh
wzr sulfhv1 Zh wdnh wkh uhvxowv ri fkdswhu 43/ wkdw wkh uhwdlo sulfh ri srun lv
qrw vljql�fdqwo| lq xhqfhg e| surgxfwlrq ru lpsruwv exw lw lv lq xhqfhg e|
surgxfhu sulfhv/ dqg irupxodwh d YHF ehwzhhq wkh wzr sulfhv1

4715 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq
Sulru wr wkh irupdwlrq ri d YHF prgho wr h{dplqh surgxfhu0wr0uhwdlo pdu0
nhwlqj pdujlqv wkh qxpehu ri frlqwhjudwlqj yhfwruv lq wkh prgho qhhgv wr
eh lghqwl�hg1 Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq lv
fduulhg rxw rq d YDU+5, zlwk xquhvwulfwhg lqwhufhswv dqg qr wuhqgv dqg wkh
uhvxowv lqglfdwh wkdw wkh k|srwkhvlv ri rqh frlqwhjudwlqj yhfwru lv qrw uhmhfwhg
+Vhh Wdeoh 4714,1
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Wdeoh 4714= Mrkdqvhq PO whvw iru Frlqwhjudwlrq
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � 6714<:5 471;; 6:15944 4:1;9
o $ � o ' 2 61396< ;13: 61396< ;13:

FL yhfwru E-�'c 7�'� G q ' t3f�ff�eSc f�f�eDH��
Qrupdolvhg FL yhfwru E-�'c7�'� G �q ' t3��ffc e�2�e��

Wdeoh 4715= YHF uhsuhvhqwdwlrq ri sulfh wudqvplvvlrq
{-�' {7�'
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-2 f��2�e� f��D��H

4716 YHF prgho uhvxowv
Wkh YHF prgho lv suhvhqwhg lq Wdeoh 47151 Wkh uhvxowv lqglfdwh vljql�fdqw
vhuldo fruuhodwlrq lq wkh HFP uhsuhvhqwdwlrq iru wkh VST htxdwlrq1 Uh0
hvwlpdwlrq zlwk d YDU+5, zlwk vhdvrqdo gxpplhv dqg d YDU+7, prgho gr qrw
vxevwdqwldoo| fkdqjh wkh HFP frh!flhqwv/ exw gr uhvxow lq wkh holplqdwlrq
ri wkh vhuldo fruuhodwlrq1 Vlqfh wkhuh lv qr jdlq lq h!flhqf|/ dw wkh h{shqvh
ri uhgxflqj wkh vljql�fdqfh ri wkh h{wud odjjhg yduldeohv/ lw zdv ghflghg wr
uhwdlq wkh YDU+5, prgho zlwk lwv vhuldo fruuhodwlrq1

Wkh HFP whupv lq wkh YHF prgho ghvfuleh wkh vshhg ri dgmxvwphqw ri
wkh v|vwhp wr dq h{rjhqrxv vkrfn lq sulfhv1 Wkh uhvxowv lqglfdwh wkdw wkh
vdoh|dug sulfh iru edfrqhuv kdv d pxfk idvwhu vshhg ri dgmxvwphqw E3f��.D�D�
uhodwlyh wr wkh uhwdlo sulfh ri srun 0 zklfk/ lq idfw/ lv qrw vljql�fdqwo| gl�huhqw
iurp }hur1 Wkh frh!flhqwv ri wkh YHF prgho vkrz wkdw d '4133 lqfuhdvh lq
surgxfhu sulfhv zloo lqfuhdvh uhwdlo sulfhv e| mf�2H� f�fb*&} exw d fkdqjh lq
wkh uhwdlo sulfh zloo qrw vljql�fdqwo| d�hfw wkh surgxfhu sulfh1 Wklv lv lqglfd0
wlyh ri wkh dv|pphwulf sulfh wudqvplvvlrq ehwzhhq uhwdlo dqg surgxfhu sulfhv1
Wkh prgho lwvhoi lv qrw d yhu| jrrg �w ri wkh gdwd jhqhudwlqj surfhvv/ zlwk
dq -2 ri rqo| f��2 3 f��Dc lqglfdwlqj wkdw wkhuh duh rwkhu idfwruv lq xhqf0
lqj fkdqjhv lq uhwdlo dqg surgxfhu sulfhv zklfk kdyh qrw ehhq lqfrusrudwhg1
Wklv frq�upv wkh uhvxowv lq fkdswhu :/ zklfk vxjjhvw wkdw wkh uhwdlo sulfhv ri
phdw vxevwlwxwhv kdyh dq lpsruwdqw uroh wr sod| lq sulfh ghwhuplqdwlrq1 Wklv
lvvxh zloo eh wdnhq xs lq fkdswhu 481 Wkh Lpsxovh Uhvsrqvh ixqfwlrqv iru wkh
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    Generalized Impulse Response(s) to one S.E. shock in the equation for RPQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for SPQ
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       Persistence Profile of the effect of a system-wide shock to CV’(s)

 CV1          

Horizon

0.0

0.2

0.4

0.6

0.8

1.0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

ES�

Iljxuh 4714= Frlqwhjudwlqj yhfwruv Lpsxovh0Uhvsrqvh ixqfwlrqv dqg Shuvlv0
whqfh sur�ohv

HFPv +Vhh Iljxuh 4714, lqglfdwh wkdw d vkrfn wr wkh v|vwhp wdnhv durxqg 5
|hduv +; txduwhuv, wr glvvlsdwh/ lqglfdwlqj wkdw wkh uhodwlrqvkls ehwzhhq uhwdlo
dqg surgxfhu sulfhv lv yhu| �vwlfn|�1

Wkh lpsxovh uhvsrqvhv iru uhwdlo dqg surgxfhu sulfh +Vhh Iljxuh 4715+d/e,,
lqglfdwh wkdw d vkrfn wr wkh v|vwhp zloo uhvxow lq wkh v|vwhp prylqj wr d qhz
htxloleulxp gxh wr wkh qrq0vwdwlrqdulw| fkdudfwhulvwlfv ri wkh sulfhv1 Wkh
iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv +Vhh Iljxuh 4715+f/g,, lqglfdwh wkdw
durxqg :8( ri wkh yduldelolw| lq uhwdlo sulfhv lv h{sodlqhg e| surgxfhu sulfhv
exw rqo| durxqg 83( ri wkh yduldelolw| lq surgxfhu sulfhv lv h{sodlqhg e|
uhwdlo sulfhv1 Djdlq/ wkh prgho �w lv yhu| orz dqg yduldwlrqv lq surgxfhu dqg
uhwdlo sulfhv duh pruh olnho| wr eh h{sodlqhg e| rwkhu idfwruv1
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    Generalized Impulse Response(s) to one S.E. shock in the equation for RPQ
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    Generalized Impulse Response(s) to one S.E. shock in the equation for SPQ
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       Generalized Forecast Error Variance Decomposition for variable RPQ
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       Generalized Forecast Error Variance Decomposition for variable SPQ
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Iljxuh 4715= Lpsxovh0Uhvsrqvh ixqfwlrqv dqg Iruhfdvw Huuru Yduldqfh Gh0
frpsrvlwlrqv
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Wdeoh 4716= Mrkdqvhq PO whvw iru Frlqwhjudwlrq
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � ..�f2SD ef�fSff �e���.2D HS��fff
o $ � o ' 2 �D�HSf� ���H�ff Se��eDb Sf�Deff
o $ 2 o ' � 22�Hfef 2S�bDff 2H�2HDH �H�Dfff
o $ � o ' e D�eH�b �b�S2ff D�eH�b �b�S2ff

Wdeoh 4717= Frlqwhjudwlqj yhfwruv
FL yhfwru ZSP SSURGP USP VSP
q� f�ff2SSbS f��.fbf �f3� f�bHHbf �f3� f�ffSe.DS
q2 3f�ffHb��� f�2b.Hf �f3e f�HD..f �f3� f�ff2bSeb
�q� 3��ffff 3f�fSeff� 3f��.fe� 32�e2D.
�q2 3��ffff f�ff���eS f�fbSf�f f����b.

FL yhfwru VEIP FDQYP FDQSP
q� f�ff��DDf 3f��e��f �f3S f�ff�feb�
q2 3f�ffb2HHe f��e2ef �f3S f�ff22�SH
�q� 3f�Df.DS f�D�Dbf �f3e 3f��b�fS
�q2 3��feff f��Dbef �f3e f�2Dfee

FL pdwul{ ' dq�c q2o

Qrupdolvhg FL pdwul{ '
)
�q�c �q2

K

4717 Lqfrusrudwlqj zkrohvdoh sulfhv lqwr wkh
pdunhwlqj pdujlq

Vlqfh wkh prgho �w lq wkh suhylrxv vhfwlrq zdv vr orz/ lw zdv ghflghg wr uh0
hvwlpdwh wkh YHF wdnlqj lqwr frqvlghudwlrq zkrohvdoh sulfhv dv dqrwkhu vwhs
lq wkh pdunhwlqj fkdlq1 Wkh prgho lv hvwlpdwhg iru prqwko| gdwd iurp 4<<6=:
wr 4<<;=9 dqg lqfoxghv dv hqgrjhqrxv U E�� yduldeohv wkh zkrohvdoh sulfh iru
erqh0lq ohj phdw +ZSP,/ wkh uhwdlo sulfh iru srun +USP,/ wkh vdoh|dug sulfh
iru edfrqhuv +VSP,/ dqg grphvwlf surgxfwlrq ri sljphdw +SSURGP, +lq
wrqqhv,1 Lq dgglwlrq wkh vdoh|dug sulfh iru edfrqhuv +VEIP,/ lpsruw yroxphv
+FDQYP, +lq njv,/ dqg lpsruw sulfhv +FDQSP, duh wuhdwhg dv h{rjhqrxv
U E�� yduldeohv1 Wkh U Ef� yduldeohv duh wkh �r| wr ��|� vhdvrqdo gxpplhv dqg
d gxpp| yduldeoh iru wkh fkdqjh lq lpsruw surwrfro lq 4<<:=441

Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq lv fduulhg rxw rq
d YDU+5, zlwk xquhvwulfwhg lqwhufhswv dqg qr wuhqgv dqg wkh uhvxowv lqglfdwh
wkdw wkh k|srwkhvlv ri wzr frlqwhjudwlqj yhfwruv lv qrw uhmhfwhg +Vhh Wdeohv
4716 dqg 4717 ,1
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Wdeoh 4718= YHF uhsuhvhqwdwlrq +L,
{`��

	q� 7	q
�

kf �f��2f�S b.�HS�� df�ffeo
A 3��fH�D f�2DHSH df�fffo

{`��| f���S2e f���b.f df�e��o
{��-�(�| f�eSfff �f3� f�ff�fbS� df�S..o

{-��| 3f���DD� f���bfD df�.�bo
{7��| f�eDSe2 f�2S�S� df�fHbo
{7�8�| f��e2�2 f�2�.�H df��2�o
{���T�| 3f�DD�Sf �f3D f�b2bff �f3D df�DDDo
{�����| 3f�feb.fS f�feS22D df�2Hbo
.���

|3� f�fDbSS2 f�f2be�. df�fDfo
.��2

|3� f�e��D� f�fbHe�S df�fffo
��

| 32H�D��D .�b�.� df�ff�o
�2

| 32e�.2.2 �f�..b. df�f2Ho
��

| 32D�b�.2 �f�eSHS df�f�Ho
�e

| 32D�S.HS b���ee df�ffbo
�D

| 32H�SDeS �f�fH2� df�ff.o
�S

| 32��.SDS b�HHHD df�f�eo
�.

| 3�.�fH.. b��SfS df�f.So
�H

| 3�.�DfSf b�D�.H df�f.eo
�b

| 3���bSe. .�.2e2 df�f.bo
��f

| 3.�f.�D .�bebH df��.bo
���

| H�f.Se b��D�. df��b�o
�-.�gb.G�� ��.HfD S��SHe df�DDSo

-2 f�.SDS�

Wkh YHF prgho lv suhvhqwhg lq Wdeohv 4718 wr 471;1
Wkh uhvxowv vxjjhvw wkdw

41 Fkdqjhv lq wkh zkrohvdoh sulfh duh vljql�fdqwo| d�hfwhg e| fkdqjhv lq
wkh vdoh|dug sulfh iru edfrqhuv zlwk d '4133 lqfuhdvh lq surgxfhu sulfhv
uhvxowlqj lq d mf�eDS � f�2S2*&} lqfuhdvh lq wkh zkrohvdoh sulfh1 Wkh
huuru fruuhfwlrq htxdwlrq iru wkh zkrohvdoh sulfh lq wkh YHF prgho
h{klelwv vljql�fdqw vhuldo fruuhodwlrq dqg khwhurvfhgdvwlflw|/ lqglfdwlqj
wkdw wkh hvwlpdwhv zloo eh lqh!flhqw +kdyh d odujh yduldqfh dwwdfkhg wr
wkhp,1

51 Fkdqjhv lq surgxfwlrq ri sljphdw duh vljql�fdqwo| d�hfwhg e| fkdqjhv

497



Wdeoh 4719= YHF uhsuhvhqwdwlrq +LL,
{��-�(�

	q� 7	q
�

kf He..2�D bHb��H df�fffo
A 3�D�D��e 2S��eSH df�DDSo

{`��| 2f�Db�� �e��2f� df��D�o
{��-�(�| f�2�DbD f���f.b df�fDbo

{-��| 22�e�fe �2�2eb� df�eb�o
{7��| S��.S2� 2S�ee�� df�f2�o
{7�8�| �D�DHHb 2��bD2D df����o
{���T�| 3f�S.eSf �f3� f�b�bff �f3� df�e..o
{�����| e�eD2D e�S.2e df��e.o
.���

|3� 2S�eSef 2�b.�e df�fffo
.��2

|3� 3e�Sff. b�be.H df�SeSo
��

| 32�bf�� Hf2��feb df�ffDo
�2

| 3222f�2 �fHb�S df�febo
��

| 3�D2b�2 �fDH�2 df��D.o
�e

| 3�.Db�H be��D�HH df�f.fo
�D

| �2fH�e �f�b�� df�2e�o
�S

| �SD��efb bbb�D�ff df�H.fo
�.

| 3�eb2�S beS��Sb� df��2�o
�H

| 32eeb�e bSe�fHf. df�f�Do
�b

| 3�D..�. .Hf�.SfS df�fD�o
��f

| 3�Se��� Hf��DSeS df�feHo
���

| 3�fDH�2 beD�2SHe df�2.fo
�-.�gb.G�� 3�.S2�� Se��.�SD df�ffbo

-2 f�Hb�Se
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Wdeoh 471:= YHF uhsuhvhqwdwlrq +LLL,
{-��

	q� 7	q
�

kf Db��HH� D��H�bH df�2Dbo
A 3f���f�e f���.f� df�e2.o

{`��| f�fH..e2 f�f.efff df�2e�o
{��-�(�| f�2.D.f �f3� f�DHfSf �f3� df�S�Ho

{-��| 3f�2�SDf f��Sbf� df�2fHo
{7��| f��.HfS f���HDH df�2f.o
{7�8�| f���fHf f���DfD df��e2o
{���T�| f�ebDDf �f3S f�eb2�f �f3D df�b2fo
{�����| 3f�f�2�.D f�f2eeHS df�S�So
.���

|3� f�f�D�be f�f�DDH� df���So
.��2

|3� f�feHD�� f�fD2��� df��DHo
��

| .��DbS e�2feS df�fHHo
�2

| S�f�2� D�.�f� df�2bHo
��

| f�ebDe� D�DeDD df�b2bo
�e

| 3S�Hf.� e�bee. df��..o
�D

| f�2feDS D��efb df�b.fo
�S

| 3f��bD2f D�2�H2 df�b.fo
�.

| 2�.�eD e�bDHS df�DHDo
�H

| 3��.fSD D�fD2e df�eSHo
�b

| 32�2SHH e�fb�. df�DH�o
��f

| �2�ef�. e�2��2 df�ffSo
���

| ���.2b e�bD�b df�D2So
�-.�gb.G�� 3D�D�e. ���.�D df����o

-2 f�DS2Sf
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Wdeoh 471;= YHF uhsuhvhqwdwlrq +LY,
{7��

	q� 7	q
�

kf Df���DS Se��bb2 df�eefo
A f�fD�D�S f��Sb.f df�.S�o

{`��| f�f�e�.. f�fb�Se� df�H.So
{��-�(�| f�ff�fSSb f�.�b�f �f3� df��eSo

{-��| f�ffH�..� f�2fb�f df�bSHo
{7��| f�2e�e. f��.�S2 df��SHo
{7�8�| 3f�2b2�S f��e2eH df�fe.o
{���T�| 3f���e2f �f3e f�Sfbef �f3D df�f�eo
{�����| f�f��f�� f�f�f�2e df�2H�o
.���

|3� f�f2f�.� f�f�b2bH df��f�o
.��2

|3� 3f�febe2H f�fSeDS� df�eebo
��

| 3�f�bebD D�2f.� df�fe2o
�2

| 3��beDb .�f.�. df�.HDo
��

| 32�fef� S�HS.S df�.SHo
�e

| 3H�.Def S��2�S df��S�o
�D

| S�eS�� S�S�e2 df���Do
�S

| D�beHe S�eH.� df��SDo
�.

| �S���.2 S��efH df�f�2o
�H

| �D�e�S� S�2D.f df�f�Ho
�b

| H�.��D D�fS.� df�fbeo
��f

| H�f�e. D�2�D� df���2o
���

| �2��2H2 S���eb df�fD2o
�-.�gb.G�� 3e�S�e� e��..H df�2..o

-2 f�Sb�.D
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lq wkh vdoh|dug sulfh iru edfrqhuv/ zlwk d 42f2nj lqfuhdvh lq surgxfhu
sulfhv uhvxowlqj lq d S��.S � 2S�ee wrqqh lqfuhdvh lq surgxfwlrq1 Wkh
vdoh|dug sulfh iru fdwwoh grhv qrw vljql�fdqwo| d�hfw sljphdw surgxf0
wlrq/ exw lw lv erughuolqh/ ehlqj zlwklq 3198( ri wkh fulwlfdo ydoxh1 Iru
hyhu| '4133 lqfuhdvh lq fdwwoh sulfhv sljphdw surgxfwlrq lqfuhdvhv e|
�D�Db � 2��bD wrqqhv1 Wkh lqwurgxfwlrq ri qhz lpsruw surwrfrov di0
whu Qryhpehu 4<<: kdv vljql�fdqwo| ghfuhdvhg sljphdw surgxfwlrq e|
�.S2�� � Se��.2 wrqqhv +shu prqwk,1 Lqgxvwu| vrxufhv lqglfdwh wkdw
txrwd olplwv rq frqwudfw vdohv wr dedwwrluv kdyh ehhq vwulfwo| hqirufhg
gxulqj 4<<; lq dq h�ruw wr uhvwulfw vxsso| dqg wklv frxog eh dq h{sodqd0
wlrq iru wkh qhjdwlyh frh!flhqw rq wkh vwuxfwxudo euhdn whup1 Wkh huuru
fruuhfwlrq htxdwlrq iru sljphdw surgxfwlrq lq wkh YHF prgho h{klelwv
vljql�fdqw vhuldo fruuhodwlrq/ djdlq lqglfdwlqj wkdw wkh hvwlpdwhv zloo eh
lqh!flhqw1

61 Fkdqjhv lq wkh uhwdlo sulfh iru srun duh qrw vljql�fdqwo| d�hfwhg e| wkh
yduldeohv lq wkh uhjuhvvlrq prgho/ lqglfdwlqj wkdw wkh GJS iru uhwdlo
sulfhv lv lq xhqfhg e| rwkhu idfwruv1 Wklv uhvxow frq�upv wkh uhvxowv
lq wkh vhfwlrq deryh/ dqg wkh uhvxowv iurp fkdswhu 431 Wkh vwuxfwxudo
euhdn sdudphwhu lv erughuolqh rq ehlqj vljql�fdqw/ dqg lqglfdwhv wkdw
lpsruw surwrfrov pd| kdyh ghfuhdvhg uhwdlo sulfh e| D�D� � ���.2f*&}�
Wkh huuru fruuhfwlrq htxdwlrq iru uhwdlo sulfhv lq wkh YHF prgho h{0
klelwv vljql�fdqw khwhurvfhgdvwlflw|1

71 Fkdqjhv lq wkh vdoh|dug sulfh iru edfrqhuv duh vljql�fdqwo| d�hfwhg e|
fkdqjhv lq wkh vdoh|dug sulfh iru fdwwoh1 D '4133 lqfuhdvh lq wkh sulfh
iru fdwwoh ghsuhvvhv surgxfhu sulfhv e| 2b�22� �e�2D2f*&}� Lpsruw yro0
xphv dovr ghsuhvv surgxfhu sulfhv/ zlwk hyhu| 4333 wrqqhv ri lpsruwv
ghsuhvvlqj surgxfhu sulfhv e| ���e2� S�fbe2f*&}� Wkh YHF prgho vxj0
jhvwv wkdw surgxfhu sulfhv kdyh qrw ehhq vljql�fdqwo| d�hfwhg e| wkh
lqwurgxfwlrq ri wkh qhz lpsruw surwrfrov diwhu Qryhpehu 4<<: exw wkdw
dfwxdo lpsruw yroxphv duh frqwulexwlqj wr wkh ghfolqh lq sulfh1

Wkh lpsxovh uhvsrqvh ixqfwlrqv dqg iruhfdvw huuru yduldqfh ghfrpsrvl0
wlrqv duh xqdeoh wr eh fdofxodwhg lq wkh suhvhqfh ri U E�� h{rjhqrxv yduldeohv1

4718 Vxppdu|
Wklv fkdswhu kdv h{dplqhg dv|pphwulf sulfh wudqvplvvlrq lq d YHF iudph0
zrun1 Wzr prghov duh suhvhqwhg1 Wkh �uvw prgho dwwhpswv wr fdswxuh wkh
sulfh wudqvplvvlrq ehwzhhq surgxfhu dqg uhwdlo sulfhv dqg wkh vhfrqg prgho
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lqfrusrudwhv dq lqwhuphgldwh vwdjh zlwk wkh dgglwlrq ri zkrohvdoh sulfhv1
Wkh uhvxowv ri wkh �uvw prgho vxjjhvw wkdw lqfuhdvhv lq surgxfhu sulfhv zloo
lqfuhdvh uhwdlo sulfhv e| mf�2H�f�fb*&} iru hyhu| '4133 lqfuhdvh exw lqfuhdvhv
lq uhwdlo sulfhv zloo qrw kdyh d vljql�fdqw h�hfw rq surgxfhu sulfhv1 Wklv lv
eruqh rxw e| wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv zklfk vxjjhvw d orzhu
frqwulexwlrq ri uhwdlo sulfhv wr surgxfhu sulfh yduldelolw| exw d pxfk kljkhu
frqwulexwlrq ri surgxfhu sulfhv wr uhwdlo sulfh yduldelolw|1

Wkh prgho lv qrw d yhu| jrrg �w ri wkh gdwd jhqhudwlqj surfhvv dqg wklv
frq�upv wkh uhvxowv lq fkdswhu :1

Wkh uhvxowv ri wkh vhfrqg prgho zklfk lqfrusrudwhv zkrohvdoh sulfhv lqwr
wkh sulfh wudqvplvvlrq phfkdqlvp vxjjhvw wkdw=

41 D '4133 lqfuhdvh lq surgxfhu sulfhv uhvxowv lq d mf�eDS � f�2S2*&} lq0
fuhdvh lq wkh zkrohvdoh sulfh1

51 D 42f2nj lqfuhdvh lq surgxfhu sulfhv uhvxowv lq d S��.S � 2S�ee wrqqh
lqfuhdvh lq surgxfwlrq1

61 D '4133 lqfuhdvh lq fdwwoh sulfhv uhvxowv lq d �D�Db�2��bD wrqqh lqfuhdvh
lq sljphdw surgxfwlrq1

71 Wkh uhwdlo sulfh iru srun lv qrw vljql�fdqwo| d�hfwhg e| wkh yduldeohv
lq wkh uhjuhvvlrq prgho1 Wklv uhvxow frq�upv wkh uhvxowv lq wkh vhfwlrq
deryh/ dqg wkh uhvxowv iurp fkdswhu 431

81 D '4133 lqfuhdvh lq wkh sulfh iru fdwwoh ghsuhvvhv surgxfhu sulfhv e|
2b�22� �e�2D2f*&}�

91 D 4333 wrqqhv lqfuhdvh lq lpsruwv ghsuhvvhv surgxfhu sulfhv e| ���e2�
S�fbe2f*&}�

:1 Zkloh uhwdlo sulfhv kdyh ghfolqhg e| D�D� � ���.2f*&} diwhu Qryhpehu
4<<:/ surgxfhu sulfhv kdyh qrw ehhq vljql�fdqwo| d�hfwhg e| wkh lq0
wurgxfwlrq ri wkh qhz lpsruw surwrfrov diwhu Qryhpehu 4<<:1 Wklv
vxjjhvwv wkdw dfwxdo lpsruw yroxphv duh frqwulexwlqj wr wkh ghfolqh lq
surgxfhu sulfh udwkhu wkdq wkh wkuhdw ri lpsruwv xqghu wkh qhz surwr0
frov1

;1 Wkh lqwurgxfwlrq ri qhz lpsruw surwrfrov diwhu Qryhpehu 4<<: vljqli0
lfdqwo| ghfuhdvhv sljphdw surgxfwlrq e| �.S2�� � Se��.2 wrqqhv +shu
prqwk,1 Lqgxvwu| vrxufhv lqglfdwh wkdw txrwd olplwv rq frqwudfw vdohv wr
dedwwrluv kdyh ehhq vwulfwo| hqirufhg gxulqj 4<<; lq dq h�ruw wr uhvwulfw
vxsso| dqg wklv frxog eh dq h{sodqdwlrq iru wkh qhjdwlyh frh!flhqw rq
wkh vwuxfwxudo euhdn whup1
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Fkdswhu 48

D YHF prgho ri wkh Dxvwudoldq
uhwdlo phdw vhfwru

4814 Lqwurgxfwlrq
K|gh dqg Shuor� ^85` hvwlpdwh pdunhw srzhu iru wkh Dxvwudoldq uhwdlo phdw
vhfwru dqg vxjjhvw wkdw lq wkh suhvhqfh ri pdunhw srzhu lq vrph pdunhwv
exw qrw lq rwkhuv wkh hvwlpdwlrq ri pdunhw srzhu lv eldvhg zkhq frqgxfwhg
lq d vlqjoh htxdwlrq iudphzrun +rqh pdunhw dw d wlph, frpsduhg zlwk wkh
hvwlpdwlrq lq d vlpxowdqhrxv pdunhw iudphzrun1 K|gh dqg Shuor� hvwlpdwh
pdunhw srzhu ehwzhhq uhwdlo dqg zkrohvdoh sulfhv xvlqj d prgho edvhg rq
wkh Doprvw Lghdo Ghpdqg V|vwhp +DLGV, frpelqhg zlwk rswlpdo sulflqj
frqglwlrqv iru hdfk lqgxvwu|1 Wkh| �qg wkdw ryhu wkh shulrg 4<:304<;; pdunhw
srzhu zdv lqvljql�fdqw dqg xqfkdqjlqj ryhu wlph1

Judqjhu fdxvdolw| whvwv lq fkdswhu 44 vxjjhvw wkdw wkhuh lv d fdxvdo olqn
ehwzhhq uhwdlo phdw sulfhv dqg vr lq wklv fkdswhu zh irupxodwh d yhfwru huuru
fruuhfwlrq prgho ri wkh Dxvwudoldq uhwdlo phdw vhfwru wkdw grhv qrw lpsrvh dq
dg0krf vwuxfwxuh rq wkh gdwdvhw dqg doorzv g|qdplf lqwhudfwlrqv wr wdnh sodfh1
Wkh prgho lv hvwlpdwhg ryhu wkh shulrg 4<<3=4 wr 4<<:=5/ wkh shulrg diwhu wkh
lqwurgxfwlrq ri sljphdw lpsruwv/ dqg prghov wkh lqwhudfwlrqv ehwzhhq uhwdlo
dqg surgxfhu sulfhv1 Wkh prgho gdwdvhw frpsulvhv ri uhwdlo dqg surgxfhu
sulfhv iru sljphdw/ ehhi dqg odpe/ dqg uhwdlo sulfhv iru fklfnhq +surgxfhu
sulfhv iru fklfnhq phdw zhuh xqdydlodeoh,1

4815 Whvwlqj iru pxowlyduldwh frlqwhjudwlrq
Wkh Mrkdqvhq pd{lpxp0olnholkrrg whvw iru frlqwhjudwlrq lv fduulhg rxw rq
d YDU+5, zlwk xquhvwulfwhg lqwhufhswv dqg wuhqgv iru wkh shulrg 4<<3=4 wr
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Wdeoh 4814= Mrkdqvhq PO whvw iru Frlqwhjudwlrq
Mf M� Pd{0Hljhqydoxh OU�o�|cf�fD Wudfh OU�o�|cf�fD

o ' f o ' � �fe�H.Df eH�D.ff 2D���fSS �ef�f2ff
o $ � o ' 2 D2��.22 e2�S.ff �eH�e��D �fb��Hff
o $ 2 o ' � �.�bS.e �.�f.ff bS�fDb� H2�2�ff
o $ � o ' e 2S�HHHS ���ffff DH�fb�H DH�b�ff
o $ e o ' D �S�f2HH 2e��Dff ���2f�� �b���ff
o $ D o ' S ���Hebe �H���ff �D��.eD 2��H�ff
o $ S o ' . ���2D� ���Deff ���2D� ���Deff

4<<:=5 dqg wkh uhvxowv lqglfdwh wkdw wkh k|srwkhvlv ri wkuhh frlqwhjudwlqj
yhfwruv lv qrw uhmhfwhg +Vhh Wdeohv 4814 dqg 4815,1

4816 YHF prgho uhvxowv
Wkh YHF prgho lv suhvhqwhg lq Wdeohv 4816 wr 48191 Wkh uhvxowv lqglfdwh
wkdw=

41 Wkh uhwdlo sulfh iru srun h{klelwv d vljql�fdqw xszdug wuhqg zlwk hyhu|
txduwhu dgglqj ��b� f�Hb2f*&} wr wkh sulfh1 Hyhu| dgglwlrqdo '41332nj
lqfuhdvh lq fdwwoh sulfhv lqfuhdvh srun uhwdlo sulfhv e| mf�eD� f��S*&}�

51 Wkh vdoh|dug sulfh iru edfrqhuv grhv qrw vhhp wr eh lq xhqfhg e| rwkhu
phdwv* surgxfhu ru uhwdlo sulfhv1

61 Wkh uhwdlo sulfh ri ehhi h{klelwv d vljql�fdqw xszdug wuhqg zlwk hdfk
txduwhu dgglqj 2�.. � ��2D2f*&} wr wkh sulfh1 Wkh uhwdlo sulfh ri ehhi
lv dovr lq xhqfhg e| odpe sulfhv/ zlwk d '41332nj lqfuhdvh lq vdoh|dug
sulfh iru odpev uhvxowlqj lq d mf�e.b� f��.�*&} lqfuhdvh lq wkh sulfh ri
ehhi1 Lq frqwudvw/ d '41332nj lqfuhdvh lq wkh uhwdlo sulfh ri odpe uhvxowv
lq d ghfolqh ri mf�Sf2� f�2��*&} lq wkh sulfh ri ehhi1

71 Fkdqjhv lq wkh vdoh|dug sulfh iru fdwwoh dsshdu wr eh gulyhq e| fkdqjhv
lq wkh uhwdlo srun sulfh/ zlwk d �2f*&} lqfuhdvh lq srun sulfhv uhvxowlqj lq
d ���D.� f�eDDS2f*&} lqfuhdvh lq wkh fdwwoh sulfh1 Uhwdlo sulfhv ri ehhi
dovr sod| dq lpsruwdqw uroh/ zlwk d '41332nj lqfuhdvh lq ehhi sulfhv
uhvxowlqj lq d mf�bDbeH � f��Se�H*&} lqfuhdvh lq fdwwoh sulfhv1 Odpe
sulfhv frqwulexwh wr fkdqjhv lq fdwwoh sulfhv1 D �2f*&} lqfuhdvh lq wkh
uhwdlo sulfh ri odpe uhvxowv lq d ��fH�f�2.2f*&} ghfuhdvh lq fdwwoh sulfhv1
Lq frqwudvw/ d '41332nj lqfuhdvh lq wkh vdoh|dug sulfh ri odpe uhvxowv lq
d mf�D.H� f�2�b*&} lqfuhdvh lq fdwwoh sulfhv1
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Wdeoh 4815= Frlqwhjudwlqj yhfwruv
FL yhfwru -�' 7�' -�8' 7�8'
q� f�f2�bf. f�f�.2�� f�f2D�S� f�f�DDfD
q2 f�f2SeSD 3f�f2.eS. f�ffH.e.� 3f�f�.2eH
q� 3f�ffbe.�� f�f��fHf f�f22.Sb f�fff2fD2
�q� 3��ffff 3f�.�bbH 3��fSfH 3��eHD�
�q2 3��ffff ��f�.b 3f���fD2 f�SD�.e
�q� 3��ffff ���H�f 2�efe� f�f2�S.f

FL yhfwru -�'� -�'u 7�'u
q� f�f�beHe 3f�fe2eHf f�f��H2H
q2 3f�f�Se.e f�ff.�2�D 3f�fff�De.
q� f�ffHHfeb 3f�ffb.2fD f�f�DffS
�q� 3��SD�D ��..Sb 3������
�q2 ���.H2 3f�2.S.� f�f��efD
�q� f�b2bSS 3��f2S� ��DHee

FL pdwul{ ' dq�c q2c q�o

Qrupdolvhg FL pdwul{ '
)
�q�c �q2c �q�

K

81 Wkh uhwdlo sulfh ri odpe h{klelwv d vljql�fdqw xszdug wuhqg zlwk hdfk
txduwhu dgglqj S�eH.� 2�b2S2f*&} wr wkh sulfh1 D '41332nj lqfuhdvh lq
wkh vdoh|dug sulfh ri odpe uhvxowv lq d m��2D��f�efe*&} lqfuhdvh lq wkh
uhwdlo sulfh zkhuhdv d '41332nj lqfuhdvh lq wkh uhwdlo sulfh ri fklfnhq
uhvxowv lq d mf�eeS� f�Hf�*&} ghfolqh lq wkh uhwdlo sulfh iru odpe1

91 Qhlwkhu wkh vdoh|dug sulfh ri odpe qru wkh uhwdlo sulfh ri fklfnhq dsshdu
wr eh lq xhqfhg e| rwkhu phdwv* uhwdlo ru surgxfhu sulfhv1

Wkh uhvxowv dsshdu wr eh frqvlvwhqw zlwk wkh uhvxowv ri wkh prghov hv0
wlpdwhg lq wkh suhylrxv fkdswhuv1 Zkdw vhhpv reylrxv wkrxjk lv wkdw wkh
gdwd jhqhudwlqj surfhvv xqghuo|lqj surgxfhu dqg uhwdlo sulfhv ri phdw lq wkh
Dxvwudoldq phdw lqgxvwu| lv qrw vroho| uholdqw rq vxevwlwxwlrq h�hfwv ehwzhhq
phdwv/ dw erwk wkh surgxfhu dqg wkh uhwdlo ohyho1 Lq rughu wr fdswxuh wkh gdwd
jhqhudwlqj surfhvv lqirupdwlrq rq surgxfwlrq dv zhoo dv frqvxphu ghpdqg
qhhgv wr eh lqfrusrudwhg1 Wkh lqfrusrudwlrq ri vxfk dgglwlrqdo lqirupdwlrq
lq d YHF iudphzrun lv h{wuhpho| gdwd lqwhqvlyh/ dqg gdwd zlwk d kljkhu
iuhtxhqf| pxvw eh xvhg lq rughu wr rewdlq vx!flhqw ghjuhhv ri iuhhgrp1

Wkh lpsxovh uhvsrqvh ixqfwlrqv dqg wkh iruhfdvw huuru yduldqfh ghfrpsr0
vlwlrqv iru wkh YHF prgho duh suhvhqwhg lq Iljxuhv 4814 wr 48171

Wkh HFP whupv lq wkh YHFprgho ghvfuleh wkh vshhg ri dgmxvwphqw ri wkh
v|vwhp wr dq h{rjhqrxv vkrfn lq sulfhv1 Wkh uhvxowv lqglfdwh wkdw wkh vkruw0
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Wdeoh 4816= YHF uhsuhvhqwdwlrq iru sljphdw
{-�' {7�'

	q� 7	q
�

	q� 7	q
�

kf D.f�2efb 2e2��b2D df�f��o f�b2b2. S�H����f df�bbbo
{-�'| f�f2Df.f f�2DSS. df�b2�o 3f�e.2bf f�SDe.D df�eH�o
{7�'| 3f�fHfD�2 f����2b df�eHHo f�22eee f�2Hbf� df�eebo
{-�8'| 3f���2�e f�2fD�b df�HH�o 3f�fbbbbe f�D2�e� df�HD�o
{7�8'| f�eeDH. f��D.bS df�f��o f�e2.2. f�ef2bS df��fSo
{-�'u| 3f���eH. f��DfS2 df�eD.o f�fDD2fe f��He22 df�HHHo
{7�'u| 3f�ff�H�H� f��2�S� df�b.So f��e�.� f���D�� df�SDDo
{-�'�| 3f��.2f. f�2eDfe df��Dfo f�e�DbH f�S2Df. df�ebSo

A ��bfD� f�Hbe.� df�fDfo 3��2D.. 2�2H2e df��.eo
'�

| 3e�...� f�e.D�S df����o 3��eee2 �2��2�� df�bf.o
'2

| 3��2�22 D��bf� df�DDHo 322��b�� ���.Dfe df��2eo
'�

| 2���fS e���DS df�Sffo ��befS ���ffHb df�.2Do
.���

|3� f���.bf f���Hb. df�f�2o f�2�S�2 f��f�eH df�eH.o
.��2

|3� f�ebf�D f����Sb df�ff2o 3f�ef.bS f���Dbe df�2e�o
.���

|3� f����.f f�fe.�2b df�f�2o f��e.e2 f��2f22 df�2�bo
-2 f�HDSbD f�.HDb2

Wdeoh 4817= YHF uhsuhvhqwdwlrq iru ehhi
{-�8'| {7�8'|

	q� 7	q
�

	q� 7	q
�

kf b.��Debb ��b�Se�� df�f�2o 2��e�2 e�f�2fH� df�fffo
{-�'| f�De2b2 f��DbSD df��D2o ���DSH f�eDDDD df�f2�o
{7�'| 3f��e2HS f��DH.D df��H2o 3f���.�S f�2f�fH df���So
{-�8'| ���DD� f�2H.D� df�ff�o f�bDbeH f��Se�H df�f�bo
{7�8'| 3f�ff�HSHD f�22��e df�bHSo f�SS.S� f�2Hf�S df�f��o
{-�'u| 3f�Sf2fb f�2��fD df�f�2o 3��fH�� f�2S.�2 df�ff�o
{7�'u| f�e.bee f��.�2f df�f�eo f�D.HfD f�2�b�H df�f�bo
{-�'�| 3f��.eHe f��e��D df�2b2o 3f�See2e f�e�ebf df��Dbo

A 2�..eb ��2D�. df�fe�o ��SbH. ��DHHf df��f2o
'�

| e�2bH� S�SDHf df�D2Ho 3H�Sf2b H�e��� df��2eo
'2

| e�S��H .�DD2b df�DDfo ��.ffe b�DSSb df�.feo
'�

| H��SeH S�fe.� df��H.o .�eb�S .�SDbD df��eeo
.���

|3� f�2.DbD f��SS.f df���bo f�beDb� f�2���D df�fffo
.��2

|3� f�De�.D f��HeD� df�f�fo f�SeSD� f�2��.� df�f�eo
.���

|3� 3f��eH2f f�fSSf�H df�fefo 3f��Hebb f�fH�SeS df�fe�o
-2 f�.D�.S f�.Seb.
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Wdeoh 4818= YHF uhsuhvhqwdwlrq iru odpe
{-�'u| {7�'u|

	q� 7	q
�

	q� 7	q
�

kf ��.e�e .b2�DSbe df��Dbo �fbS�S Hf.�De�D df��bDo
{-�'| 3f�fH.S�S f�H�b2D df�b�Ho 3f�efHe. f�HDD�� df�Sefo
{7�'| f�f.DSHH f��.feD df�He�o f�fbD.�e f��..ee df�Hf�o
{-�8'| ��f..S f�S.fb� df��2bo f�f�bDeS f�SH�Sf df�bDDo
{7�8'| 3f��eSSH f�D�SD� df�D�2o 3f�2D��e f�D2S2. df�Sefo
{-�'u| 3��f.Sf f�eb2eb df�feDo 3f��.�.. f�Df�.b df�e.fo
{7�'u| ��2DfS f�efe�S df�ff.o f��ef.. f�e��Hf df�e2�o
{-�'�| 3f�eeDD� f�Hf�2� df�DHSo 3f�f.Dee� f�H�S�D df�b2Ho

A S�eH.� 2�b2DS df�fe2o e��.Df 2�bHfH df��H2o
'�

| �b�S.2� �D�D�SS df�f22o eD��S�� �D�H�f� df�f�2o
'2

| H�SSHH �.�S2D� df�S�fo �D�e�H� �.�bDHf df�fS.o
'�

| �f�f.�e �e����� df�fDfo �2��fSH �e��..S df�fe�o
.���

|3� f��..�2 f��Hbff df�SDDo f�2S2eH f��bS�e df�D�Ho
.��2

|3� f�b.bee f�e�fS� df�f�Ho f�Sb�2f f�e�H.e df���So
.���

|3� 3f�2H.2H f��De�f df�fH2o 3f�2�eS. f��D.f� df��b2o
-2 f�Hf�.S f�H2ebH

Wdeoh 4819= YHF uhsuhvhqwdwlrq iru fklfnhq
{-�'�|

	q� 7	q
�

kf Def�HSDe 2�f�.2D. df�f��o
{-�'| f��b.S� f�2ee�2 df�e��o
{7�'| f�f�eS�. f��f.He df�.D�o
{-�8'| f��effD f��bD�� df�eHeo
{7�8'| f��eS�� f��Df�S df��eSo
{-�'u| 3f��HD�e f��e��. df�2�So
{7�'u| f��S2ef f���.SS df��HHo
{-�'�| f�f2DSf. f�2��2e df�b�eo

A 3���D.b f�HD�SS df��beo
'�

| b�.2b� e�D22b df�feHo
'2

| 2�DeDf D���fH df�S2.o
'�

| 3S�f..2 e��f.b df��Sfo
.���

|3� f���Hb� f����2e df�ffbo
.��2

|3� 3f�f.e.2� f��2D�D df�DSfo
.���

|3� f�f�ef.� f�feeHS� df�eDbo
-2 f�.Df2e
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uxq ghyldwlrqv iurp wkh orqj0uxq htxloleulxp wdnh d orqj wlph wr glvvlsdwh 0
durxqg 43 txduwhuv iru prvw ri wkh sulfhv1 Wkh HFPv whqg wr frxqwhuedodqfh
hdfk rwkhu dqg wkh v|vwhp zlgh vshhg ri dgmxvwphqw lv idvwhu/ wdnlqj durxqg
; txduwhuv wr glvvlsdwh +Vhh Iljxuh 4817+g,,1

Wkh lpsxovh uhvsrqvh ixqfwlrqv iru wkh surgxfhu dqg uhwdlo sulfhv lqglfdwh
wkdw d vkrfn wr wkh uhvshfwlyh sulfh uhvxowv lq d shupdqhqw ghyldwlrq iurp
wkh suhylrxv orqj0uxq htxloleulxp1 Wklv lv d ihdwxuh ri qrq0vwdwlrqdu| vhulhv
zkhuh hyhq d whpsrudu| glvwxuedqfh dzd| iurp wkh htxloleulxp uhvxowv lq d
shupdqhqw h�hfw1

Wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv lqglfdwh wkdw lq wkh orqj uxq
+53 txduwhuv,=

41 :3( ri wkh yduldelolw| lq wkh uhwdlo sulfh ri srun lv h{sodlqhg e| fkdqjhv
lq wkh vdoh|dug sulfh iru edfrqhuv/ 8( e| wkh uhwdlo sulfh iru ehhi/ 68(
e| wkh vdoh|dug sulfh iru fdwwoh/ :3( e| wkh uhwdlo sulfh iru odpe/ 53(
e| wkh vdoh|dug sulfh iru odpe/ dqg ;( e| wkh uhwdlo sulfh ri fklfnhq1

51 73( ri wkh yduldelolw| lq wkh vdoh|dug sulfh iru edfrqhuv lv h{sodlqhg e|
wkh uhwdlo sulfh iru srun/ 8( e| wkh uhwdlo sulfh iru ehhi/ 53( e| wkh
vdoh|dug sulfh iru fdwwoh/ 93( e| wkh uhwdlo sulfh iru odpe/ 4;( e| wkh
vdoh|dug sulfh iru odpe/ dqg 5( e| wkh uhwdlo sulfh iru fklfnhq1

61 8( ri wkh yduldelolw| lq wkh uhwdlo sulfh iru ehhi lv h{sodlqhg e| wkh
uhwdlo sulfh iru srun/ vdoh|dug sulfh iru edfrqhuv/ dqg vdoh|dug sulfh iru
fdwwoh1 D ixuwkhu 43( lv h{sodlqhg e| wkh uhwdlo sulfh iru odpe/ :8( e|
wkh vdoh|dug sulfh iru odpe/ dqg <( e| wkh uhwdlo sulfh iru fklfnhq1

71 58( ri wkh yduldelolw| lq wkh vdoh|dug sulfh iru fdwwoh lv h{sodlqhg e|
wkh uhwdlo sulfh iru srun/ 63( e| wkh vdoh|dug sulfh iru edfrqhuv/ 43(
e| wkh uhwdlo sulfh iru ehhi/ 53( e| wkh uhwdlo sulfh iru odpe/ 43( e|
wkh vdoh|dug sulfh iru odpe dqg 8( e| wkh uhwdlo sulfh iru fklfnhq1

81 8( ri wkh yduldelolw| lq wkh uhwdlo sulfh iru odpe lv h{sodlqhg e| wkh
uhwdlo sulfh iru srun/ wkh vdoh|dug sulfh iru edfrqhuv/ wkh vdoh|dug sulfh
iru fdwwoh/ dqg wkh uhwdlo sulfh iru fklfnhq1 D ixuwkhu 73( dqg 78( duh
h{sodlqhg e| wkh vdoh|dug sulfh iru odpe dqg wkh uhwdlo sulfh iru ehhi
uhvshfwlyho|1

91 8( ri wkh yduldelolw| lq wkh vdoh|dug sulfh iru odpe lv h{sodlqhg e| wkh
uhwdlo sulfh iru srun/ wkh vdoh|dug sulfh iru fdwwoh/ dqg wkh uhwdlo sulfh iru
fklfnhq1 D ixuwkhu 43( lv h{sodlqhg e| wkh vdoh|dug sulfh iru edfrqhuv/
93( e| wkh uhwdlo sulfh iru ehhi/ dqg 48( e| wkh uhwdlo sulfh iru odpe1
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:1 4;( ri wkh yduldelolw| lq wkh uhwdlo sulfh ri fklfnhqv lv h{sodlqhg e| wkh
uhwdlo sulfh iru srun/ 48( e| wkh vdoh|dug sulfh iru edfrqhuv/ 5( e| wkh
uhwdlo sulfh iru ehhi/ 93( e| wkh vdoh|dug sulfh iru ehhi/ 58( e| wkh
uhwdlo sulfh iru odpe/ dqg 43( e| wkh vdoh|dug sulfh iru odpe1

4817 Vxppdu|
Wklv fkdswhu kdv suhvhqwhg d prgho ri wkh idfwruv d�hfwlqj wkh uhwdlo phdw vhf0
wru1 Dowkrxjk wkh uhvxowv duh frqvlvwhqw zlwk wkh uhvxowv lq suhylrxv fkdswhuv
wkh YHF prgho irupxodwhg lq wklv fkdswhu kdv qrw ehhq dghtxdwh wr fdswxuh
wkh gdwd jhqhudwlqj surfhvv xqghuo|lqj wkh uhwdlo phdw vhfwru1 Surgxfhu dqg
frqvxphu ghflvlrqv qhhg wr eh lqfrusrudwhg lqwr wkh YHF iudphzrun lq rughu
wr errvw wkh prgho �w1

Wkh uhvxowv frq�up wkh Judqjhu Fdxvdolw| whvwv +Vhh Wdeoh 4414, fduulhg
rxw lq fkdswhu 441 Uhwdlo dqg surgxfhu sulfhv duh olqnhg e| el0gluhfwlrqdo dqg
xql0gluhfwlrqdo Judqjhu Fdxvdolw| dqg wkurxjk wudqvlwlylw|1

Wkh uhvxowv lqglfdwh wkdw=

41 Hyhu| dgglwlrqdo '41332nj lqfuhdvh lq fdwwoh sulfhv lqfuhdvh srun uhwdlo
sulfhv e| mf�eD� f��S*&}�

51 D '41332nj lqfuhdvh lq vdoh|dug sulfh iru odpev uhvxowv lq d mf�e.b �
f��.�*&} lqfuhdvh lq wkh sulfh ri ehhi1

61 D '41332nj lqfuhdvh lq wkh uhwdlo sulfh ri odpe uhvxowv lq d ghfolqh ri
mf�Sf2� f�2��*&} lq wkh sulfh ri ehhi1

71 D �2f*&} lqfuhdvh lq srun sulfhv uhvxowv lq d ���D.�f�eDDS2f*&} lqfuhdvh
lq wkh fdwwoh sulfh1

81 D '41332nj lqfuhdvh lq ehhi sulfhv uhvxowv lq d mf�bDbeH � f��Se�H*&}
lqfuhdvh lq fdwwoh sulfhv1

91 D �2f*&} lqfuhdvh lq wkh uhwdlo sulfh ri odpe uhvxowv lq d ��fH�f�2.2f*&}
ghfuhdvh lq fdwwoh sulfhv1

:1 D '41332nj lqfuhdvh lq wkh vdoh|dug sulfh ri odpe uhvxowv lq d mf�D.H�
f�2�b*&} lqfuhdvh lq fdwwoh sulfhv1

;1 D '41332nj lqfuhdvh lq wkh vdoh|dug sulfh ri odpe uhvxowv lq d m��2D��
f�efe*&} lqfuhdvh lq wkh uhwdlo sulfh1
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    Generalized Impulse Response(s) to one S.E. shock in the equation for RPQ
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   Generalized Impulse Response(s) to one S.E. shock in the equation for RBFQ
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   Generalized Impulse Response(s) to one S.E. shock in the equation for RPQL
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   Generalized Impulse Response(s) to one S.E. shock in the equation for RPQC
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<1 D '41332nj lqfuhdvh lq wkh uhwdlo sulfh ri fklfnhq uhvxowv lq d mf�eeS�
f�Hf�*&} ghfolqh lq wkh uhwdlo sulfh iru odpe1

431 Qhlwkhu wkh vdoh|dug sulfh ri odpe qru wkh uhwdlo sulfh ri fklfnhq qru
wkh vdoh|dug sulfh iru edfrqhuv dsshdu wr eh lq xhqfhg e| rwkhu phdwv*
uhwdlo ru surgxfhu sulfhv1

Wkh lpsxovh uhvsrqvh ixqfwlrqv lqglfdwh wkdw d vkrfn wr wkh uhvshfwlyh
sulfh uhvxowv lq d shupdqhqw ghyldwlrq iurp wkh suhylrxv orqj0uxq htxloleulxp
dqg wkh iruhfdvw huuru yduldqfh ghfrpsrvlwlrqv lqglfdwh vwurqj uhodwlrqvklsv
ehwzhhq yduldeohv1
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Fkdswhu 49

Lpshuihfw frpshwlwlrq dqg
uhirup ri wkh slj lqgxvwu|

4914 Lqwurgxfwlrq
Wklv fkdswhu glvfxvvhv wkh frqvhtxhqfhv ri lqgxvwu| ghuhjxodwlrq lq wkh frq0
wh{w ri lpshuihfw frpshwlwlrq gxh wr lqvwlwxwlrqdo vwuxfwxuhv1 Zh vkrz wkdw
wkh dvvxphg ehqh�wv ri wudgh uhirup 0 orzhu frqvxphu sulfhv dqg dq h{sdq0
vlrq ri wkh surgxfwlrq srvvlelolw| iurqwlhu 0 gr qrw hyhqwxdwh xqghu lqvwlwx0
wlrqdo uljlglwlhv dqg wkh h{huflvh ri pdunhw srzhu1 Zh vwduw lq vhfwlrq 4915
e| d glvfxvvlrq ri wkh uhglvwulexwlrq ri zhoiduh xqghu wudgh olehudolvdwlrq lq
wkh suhvhqfh ri pdunhw srzhu dqg wkhq lq vhfwlrq 4916 zh glvfxvv krz d
Sduhwr0rswlpdo rxwfrph ri wudgh uhirup pd| qrw qhfhvvdulo| hyhqwxdwh li wkh
dvvxpswlrq ri shuihfw frpshwlwlrq lv ylrodwhg1

Zh suhvhqw d Sduhwr0h!flhqf| dujxphqw iru lqgxvwu| dvvlvwdqfh lq vhfwlrq
4917 zkhuh zh glvfxvv wkh srvvlelolw| wkdw lq sduwlfxodu vlwxdwlrqv ri lpshuihfw
frpshwlwlrq wkhuh duh zhoiduh jdlqv wr eh pdgh iurp pdunhw uhjxodwlrq1 Il0
qdoo|/ lq vhfwlrq 4918 zh suhvhqw d vhfwruldo htxlw| ru glvwulexwlrqdo dujxphqw
iru lqgxvwu| dvvlvwdqfh zkhuh wkh frqwudfwlrq ri wkh lqgxvwu| zrxog qrw eh
lq wkh qdwlrqdo lqwhuhvw1

4915 Pdunhw srzhu dqg lqwhuqdwlrqdo wudgh
Lqwhuqdwlrqdo wudgh wkhru| vxjjhvwv wkdw ehqh�wv ri wudgh olehudolvdwlrq frph
derxw gxh wr wkh frqfrplwdqw ghfolqh lq erwk surgxfhu dqg frqvxphu sulfhv/
dqg dq lqfuhdvh lq txdqwlw| surgxfhg dqg frqvxphg1 Wklv fdq eh vhhq lq
Iljxuh 49141 Ehiruh wudgh olehudolvdwlrq wkh grphvwlf pdunhw htxloleulxp
ehwzhhq grphvwlf vxsso|/ 77 �/ dqg grphvwlf ghpdqg/ ((�/ lv dw s / zlwk
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Iljxuh 4914= H�hfw ri wudgh olehudolvdwlrq rq d grphvwlf pdunhw

sulfh �e dqg txdqwlw| � surgxfhg dqg frqvxphg1 Diwhu wudgh olehudolvdwlrq
wkh grphvwlf vxsso| fxuyh lv nlqnhg/ qrz ehlqj 7� �

�1 Wkh qhz htxloleulxp
lv dw } zlwk sulfh �� dqg txdqwlw| � ehlqj frqvxphg/ dq lqfuhdvh iurp �
suhylrxvo|1 Grphvwlf surgxfwlrq uhgxfhv iurp � wr � dqg lpsruwv pdnh
xs wkh gl�huhqfh/ ��1 Surgxfhu uhqw/ wkh duhd ��es�e/ lv qrz wudqvihuuhg
wr frqvxphuv dqg iruhljq surgxfhuv 0 wkh duhd e���}s 0 zlwk d frqvxphu
ghdgzhljkw jdlq ri �}s 1

Hyhq wkrxjk grphvwlf surgxfhuv kdyh orvw xqghu wudgh olehudolvdwlrq/ gr0
phvwlf frqvxphuv kdyh jdlqhg pruh 0 wkhlu ghdgzhljkw jdlq ri �}s 0 dqg
iruhljq surgxfhuv kdyh jdlqhg dv zhoo1 Uhvrxufhv wkdw zhuh suhylrxvo| xvhg
lq grphvwlf surgxfwlrq duh qrz wudqvihuuhg wr rwkhu/ pruh h!flhqw lqgxvwulhv/
dqg joredo zhoiduh kdv lqfuhdvhg1

Rqh ri wkh sureohpv zlwk wkh vwdqgdug Khfnvfkhu0Rkolq0Vdpxhovrq +KRV,
prgho ri lqwhuqdwlrqdo wudgh lv wkdw lw dvvxphv idfwru prelolw| dfurvv vhfwruv
dqg d shuihfwo| frpshwlwlyh rxwfrph xqghu wudgh olehudolvdwlrq1 Dq dowhu0
qdwlyh prgho lv wkh Ulfdugr0Ylqhu/ ru vshfl�f idfwruv prgho zklfk grhv qrw
kdyh wkh dvvxpswlrq ri ixoo| preloh idfwruv1 Wkh vshfl�f idfwruv prgho dovr
suhglfwv wkdw wkhuh duh zhoiduh jdlqv wr wudgh/ exw vxjjhvwv wkdw li wkh rqfh
surwhfwhg lqgxvwu| frqwudfwv wkh ydoxh ri wkh vshfl�f idfwru xvhg lq wkdw
lqgxvwu| dqg wkh glvfrxqwhg fdvk  rz ri wkdw lqgxvwu| zloo kdyh wr eh frp0
shqvdwhg e| wkh jdlqv wr wudgh lq rughu iru olehudolvdwlrq wr eh mxvwl�hg1 Dv
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zlwk wkh KRV prgho wkh ehqh�wv ri wudgh olehudolvdwlrq lq wkh vshfl�f idfwruv
prgho lv wkdw wkh preloh uhvrxufhv wkdw zhuh xvhg lq wkh surwhfwhg lqgxvwu|
fdq qrz eh hpsor|hg pruh h!flhqwo| hovhzkhuh1

Wkh idfwru lqwhqvlw| ri dq lqgxvwu| lv lpsruwdqw lq wkh vshfl�f idfwruv
prgho1 Li wkh lqgxvwu| xvhv wkh preloh idfwru lqwhqvlyho| wkhq wudgh olehudo0
lvdwlrq zloo eh ri ehqh�w vlqfh wklv idfwru fdq pryh wr d kljkhu ydoxhg xvh
lq dqrwkhu lqgxvwu|1 Li wkh lqgxvwu| xvhv wkh vshfl�f idfwru lqwhqvlyho| wkhq
wudgh olehudolvdwlrq pd| ru pd| qrw eh ri ehqh�w1 Li wkh vshfl�f idfwru fdq0
qrw pryh wr d kljkhu ydoxhg xvh lq dqrwkhu lqgxvwu|/ wkhq wkh ydoxh ri wkdw
idfwru qhhgv wr eh zulwwhq r�1 Jdlqv wr wudgh zloo uhvxow li wkh lqgxvwu| lv
vpdoo uhodwlyh wr wkh uhvw ri wkh hfrqrp|/ dv wkh jdlqv wr wudgh zloo pruh wkdq
frpshqvdwh iru wkh orvv ri wkh lqgxvwu|1 Li wkh lqgxvwu| lv odujh uhodwlyh wr
wkh uhvw ri wkh hfrqrp|/ wkhq wkh jdlqv wr wudgh zloo qrw frpshqvdwh iru wkh
orvv ri wkh lqgxvwu|1 Wklv lv dq hpslulfdo lvvxh1

Wkh slj lqgxvwu| lv qrw rqo| fkdudfwhulvhg e| fdslwdo vshfl�flw| +h1j1
exloglqjv dqg sodqw ghvljqhg vroho| iru slj surgxfwlrq, exw dovr kdv d xqltxh
vlwxdwlrq zkhuh oderxu lv ohvv preloh/ vlqfh oderxu dovr rzqv wkh fdslwdo1
Xqghu wkh dvvxpswlrq ri shuihfw frpshwlwlrq/ wkh KRV prgho ohqgv lwvhoi
qdwxudoo| wr wkh frqfoxvlrq wkdw olehudolvdwlrq lv suhihudeoh wr dq| w|sh ri lp0
shuihfw frpshwlwlrq1 Li/ krzhyhu/ wkh lqvwlwxwlrqdo iudphzrun ri wkh lqgxvwu|
lv vxfk wkdw wkhuh lv d pdunhwlqj fkdlq/ zklfk lv lpshuihfwo| frpshwlwlyh dw
hdfk vwdjh/ wkhq uhirup ri rqh sduwlfxodu srlqw rq wkh pdunhwlqj fkdlq zlwk0
rxw uhihuhqfh wr wkh rwkhuv zloo uhvxow lq d vlwxdwlrq zkhuh wkh uhirup pd|
dfwxdoo| lqfuhdvh lpshuihfw frpshwlwlrq ri wkh lqgxvwu| dv d zkroh udwkhu
wkdq uhgxfh lw1 Lq vxfk d vlwxdwlrq lw lv frqfhlydeoh wkdw dq| zhoiduh jdlqv
gxh wr wudgh suhglfwhg e| wkh KRV prgho zloo lq idfw eh zhoiduh orvvhv gxh
wr wudgh1 Hyhq li uhirup zdv fduulhg rxw rq wkh zkroh pdunhwlqj fkdlq lw
grhv qrw qhfhvvdulo| iroorz wkdw wkh lqgxvwu| zloo pryh iurp d vlwxdwlrq iurp
lpshuihfw frpshwlwlrq wr shuihfw frpshwlwlrq +zlwk uhvxowdqw zhoiduh jdlqv
dv suhglfwhg e| wkh KRV prgho,1 Shuihfw frpshwlwlrq lv dq hfrqrplf frq0
fhsw udwkhu wkdq d uhdolw| dqg lqgxvwu| uhirup zloo/ dw ehvw/ uhgxfh wkh ohyho
ri pdunhw srzhu ri wkh sod|huv exw qrw holplqdwh lw1 Lq vxfk d vlwxdwlrq
lw lv ghvludeoh wkdw dqdo|vlv eh fduulhg rxw wr ghwhuplqh wkh dfwxdo zhoiduh
jdlqv +orvvhv, fdswxuhg e| wkh hfrqrp|1 Li uhirup ri dq lqgxvwu| ohdgv wr
dq roljrsrolvwlf rxwfrph gxh wr hfrqrplhv ri vfdoh dqg vfrsh/ iru lqvwdqfh/
wkh txhvwlrq qhhgv wr eh dvnhg zkhwkhu jryhuqphqw lqwhuyhqwlrq lv qhhghg
wr frxqwhudfw wkh pdunhw lpshuihfwlrqv1

Lq whupv ri wkh slj lqgxvwu|/ frqvxphuv gr qrw vhhp wr eh ehqh�wwlqj
iurp wudgh uhirup zkloh surgxfhuv duh vhhlqj erwk sulfhv dqg surgxfwlrq +dqg
wkhuhiruh uhyhqxh, ghfolqh1 Wkh ehqh�wv ri wudgh uhirup vhhp wr eh fdswxuhg
e| wkh lqfuhdvhg pdunhwlqj pdujlq1 Wklv fdq eh vhhq lq Iljxuh 49151 Xqghu
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Iljxuh 4915= H�hfw ri wudgh olehudolvdwlrq xqghu pdunhwlqj pdujlqv dqg lp0
shuihfw frpshwlwlrq

dxwdufk| +qr lqwhuqdwlrqdo wudgh, wkh surgxfhu vxsso| fxuyh lv 77 � zlwk wkh
plggohpdq ghpdqg fxuyh ehlqj�� � dqg wkh frqvxphu ghpdqg fxuyh ehlqj
((�1 Idup0jdwh htxloleulxp lv dw srlqw ^/ zkhuh surgxfhuv duh uhfhlylqj
sulfh �R dqg surgxflqj txdqwlw| ��1 Xqghu d pdunhwlqj pdujlq lpsrvhg
e| plggohphq frqvxphuv duh idflqj d uhwdlo sulfh ri �S1 Lq wkh devhqfh ri
plggohphq wkh pdunhw htxloleulxp zrxog eh dw srlqw |/ ohdglqj wr d gurs lq
uhwdlo sulfh iurp �S wr �e zlwk d ghdgzhljkw zhoiduh jdlq ri wkh wuldqjoh or|
dqg dq lqfuhdvh lq frqvxpswlrq ri ��1 Surgxfhu sulfh zrxog dovr ulvh wr �e/
zlwk d surgxfhu uhqw lqfuhdvh ri wkh duhd �R�e|^1

Wklv lv qrw wr vd| wkdw plggohphq gr qrw shuirup d qhfhvvdu| surfhvvlqj
dqg glvwulexwlrq ixqfwlrq lq wkh pdunhwsodfh/ qru wkdw wkh zlgwk ri wkh pdu0
nhwlqj pdujlq lv qrw mxvwl�hg1 Xqghu wudgh olehudolvdwlrq wkh htxloleulxp iru
surgxfhuv pryhv iurp srlqw ^ wr srlqw �1 Surgxfhu sulfhv gurs wr wkh zruog
sulfh/ ��/ zlwk d fruuhvsrqglqj idoo lq grphvwlf surgxfwlrq wr ��1 Zlwk qr
pdunhw srzhu h{klelwhg e| plggohphq lpsruwv h{sdqg wr �.1 Wkh zhoiduh
orvv ri grphvwlf surgxfhuv/ wkh duhd �^&/ lv frpshqvdwhg e| d zhoiduh jdlq
e| plggohphq ri wkh duhd &?^1 Zlwk wrwdo vxssolhv lq wkh grphvwlf pdunhw
ri �./ frqvxphu sulfh idoov iurp �S wr �s zlwk d zhoiduh jdlq e| frqvxphuv
ri wkh duhd 5+o1 Li plggohphq h{huw pdunhw srzhu/ wkhq wkh| fdq pdlqwdlq
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frqvxphu sulfh dw �S zkloh iruflqj grphvwlf surgxfhu sulfh grzq wr wkh zruog
sulfh ��1 Ryhudoo vxssolhv gr qrw lqfuhdvh/ exw grphvwlf surgxfhu vkduh ri
wkh pdunhw idoov wr ��/ zlwk lpsruwv wdnlqj wkh vkduh ��1 Udwkhu wkdq
plggohphq hduqlqj lq uhyhqxh wkh duhd �R^o�S/ ehiruh wudgh olehudolvdwlrq/
wkh| fdq qrz lqfuhdvh wkhlu uhyhqxh wr wkh duhd ��&o�S/ zklfk lv odujhu wkdq
wkh uhyhqxh duhd ��?+�s wkh| zrxog kdyh uhfhlyhg xqghu wudgh olehudolvdwlrq
hyhq li wkh| kdgq*w h{huwhg pdunhw srzhu1

Lq rwkhu zrugv/ e| pdlqwdlqlqj frqvxphu sulfhv dw wkhlu suh0wudgh olehudo0
lvdwlrq ohyhov grphvwlf ghpdqg grhv qrw lqfuhdvh1 Frxsohg zlwk sulfh frpsh0
wlwlrq iurp lpsruwv wklv irufhv grphvwlf surgxfhu sulfhv grzq wr zruog sulfh
ohyhov zlwkrxw d frqfrplwdqw lqfuhdvh lq surgxfwlrq ohdglqj wr idoov lq sur0
gxfhu uhyhqxh1 Plggohphq fdswxuh uhyhqxh wkdw zrxog kdyh ehhq dffuxlqj
wr surgxfhuv xqghu wudgh olehudolvdwlrq dqg uhvwulfw wkh ehqh�wv wr frqvxphuv
dulvlqj iurp lqwhuqdwlrqdo wudgh1 Hfrqrp|0zlgh zhoiduh lv qrw pd{lplvhg/ dv
wkh frqvxphu ghdgzhljkw jdlq/ 5+o/ lv qrw uhdolvhg1

Wklv vxjjhvwv wkdw wkhuh lv ixuwkhu vfrsh iru uhprylqj pdunhwlqj pdujlq
lqh!flhqflhv dqg lqvwlwxwlrqdo eduulhuv wr wudgh1 Ixuwkhu uhvhdufk qhhgv wr eh
fduulhg rxw wr ghwhuplqh zkhwkhu frqvxphu sulfhv kdyh ehhq d�hfwhg e| wudgh
olehudolvdwlrq/ wkh frqfoxvlrq ehlqj/ li wkh| duh qrw/ wkdw wkhuh h{lvwv vrph
pdunhw srzhu h{huwhg e| plggohphq wr nhhs frqvxphu sulfhv kljk1 Zkhwkhu
wklv pdunhwlqj pdujlq lv mxvwl�hg lq whupv ri surfhvvlqj dqg glvwulexwlrq
frvwv dovr qhhgv wr eh h{dplqhg1

4916 Zhoiduh h�hfwv ri wudgh olehudolvdwlrq
Wkhuh lv dpsoh wkhruhwlfdo dujxphqw dqg hpslulfdo hylghqfh wkdw wudgh olehu0
dolvdwlrq uhvxowv lq d Ndogru0Klfnv rswlpxp zkhuh jdlqv pruh wkdq r�vhw dq|
orvv fdxvhg wr wkh olehudolvhg lqgxvwu|1 Wkh pdlq uhdvrqv iru wklv duh wkdw/
�uvwo|/ frqvxphuv ehqh�w iurp orzhu sulfhv dqg dq lqfuhdvhg udqjh ri jrrgv
dqg/ vhfrqgo|/ wkdw xq0 ru xqghu0xwlolvhg uhvrxufhv lq wkh qrz olehudolvhg
lqgxvwu| fdq eh uhdoorfdwhg wr pruh h!flhqw lqgxvwulhv1

Xqghu d sduwldo htxloleulxp dqdo|vlv wkhuh dsshduv wr eh d qhw zhoiduh
orvv wr wkh lqgxvwu| xqghujrlqj uhirup1 Xqghu d jhqhudo htxloleulxp dqdo|vlv/
zkhuh uhdoorfdwlrq ri uhvrxufhv ehwzhhq vhfwruv rffxuv/ wkh h!flhqf| jdlqv
iurp d uhgxfwlrq lq pdunhw glvwruwlrqv +eduulhuv wr wudgh, jhqhudoo| rxwzhljk
wkh lqgxvwu|0vshfl�f orvvhv1

Wkhuh duh fdvhv zkhuh wklv zhoiduh jdlq grhv qrw kdsshq/ sduwlfxoduo|
zkhq wkh dvvxpswlrqv xqghuo|lqj wkh dqdo|vlv duh ylrodwhg1 Wzr ri wkh pdlq
dvvxpswlrqv xqghuo|lqj jhqhudo dqg sduwldo htxloleulxp dqdo|vlv duh wkdw
�uvwo|/ uhvrxufhv duh wudqvihuuhg frvwohvvo| dqg ixoo| ehwzhhq vhfwruv edvhg
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rq uhodwlyh zdjh udwhv dqg/ vhfrqgo|/ wudgh olehudolvdwlrq pryhv iurp dq lp0
shuihfwo| frpshwlwlyh wr d shuihfwo| frpshwlwlyh rxwfrph1 Wkh ylrodwlrq ri
wkhvh fdq eh wkrxjkw ri dv pdunhw lpshuihfwlrqv1

Wkh wkhru| ri wkh vhfrqg ehvw/ zkhuh jryhuqphqw lqwhuyhqwlrq zklfk glv0
wruwv lqfhqwlyhv lq d sduwlfxodu pdunhw pd| lqfuhdvh vrfldo zhoiduh li lw r�vhwv
wkh frqvhtxhqfhv ri pdunhw idloxuhv hovhzkhuh/ lv xvhg wr dujxh wkh fdvh iru
jryhuqphqw lqwhuyhqwlrq iru h{dpsoh/ lq wkh irup ri wdul�v ru vxevlglhv1 Xq0
ghu wudgh olehudolvdwlrq lw lv dvvxphg wkdw uhvrxufhv doorfdwhg wr wkh rqfh
surwhfwhg lqgxvwu| fdq eh uhdoorfdwhg wr rwkhu lqgxvwulhv zkhq surgxfwlrq
idoov gxh wr d uhgxfwlrq lq htxloleulxp sulfh1 Lq wkh slj lqgxvwu|/ oderxu dqg
fdslwdo +lq wkh irup ri htxlsphqw dqg exloglqjv, duh xqolnho| wr eh doorfdwhg
wr rwkhu surgxfwlyh xvhv lq wkh vkruw wr phglxp whup1 Xqghu wklv w|sh ri
pdunhw idloxuh wkh jdlqv wr wudgh fdq eh r�vhw e| wkh frvwv wr wkh sduwlfxodu
lqgxvwu|/  rz0rq h�hfwv wr rwkhu lqgxvwulhv dqg wr wuhdvxu|1

Xqghu pdunhw idloxuh wkh wkhru| ri wkh vhfrqg ehvw lqglfdwhv wkdw jryhuq0
phqw lqwhuyhqwlrq pd| lqfuhdvh vrfldo ehqh�wv1 Wklv udlvhv wkh txhvwlrq dv wr
zkdw lv wkh prvw dssursuldwh irup ri wkdw jryhuqphqw lqwhuyhqwlrq1 Nuxj0
pdq dqg Revwihog ^8</ ss1 55:0569` dujxh wkdw zkhq ghdolqj zlwk pdunhw
idloxuhv lw lv suhihudeoh wr wdujhw wkh idloxuh gluhfwo|/ udwkhu wkdq xvh lqgluhfw
srolf| lqvwuxphqwv1 Li d pdunhw idloxuh lv lvrodwhg rq wkh grphvwlf surgxf0
wlrq vlgh/ wkhq wkh dssursuldwh lqvwuxphqw wr xvh lv rqh wkdw wdujhwv grphvwlf
surgxfwlrq/ iru h{dpsoh vxevlglhv1 Li d pdunhw idloxuh lv fdxvhg e| lqwhuqd0
wlrqdo wudgh glvwruwlrqv/ wkhq jryhuqphqw srolf| frxog eh wdujhwhg wrzdug
wkrvh glvwruwlrqv e| xvlqj/ iru h{dpsoh/ gxwlhv +wdul�v, ru txrwdv1

4917 Ehqh�wv wr wkh grphvwlf hfrqrp|
Wkh jryhuqphqw pdlqwdlqv wkdw hfrqrp|0zlgh wudgh olehudolvdwlrq zloo eulqj
orqj0whup ehqh�wv wr wkh hfrqrp| zklfk zloo pruh wkdq r�vhw wkh ghfolq0
lqj iruwxqhv ri wkh slj lqgxvwu|1 Vlpxodwlrqv zlwk RUDQL/ PRQDVK/ dqg
JWDS 0 vwdwlf dqg g|qdplf hfrqrp|0zlgh/ dqg joredo hfrqrp| prghov uh0
vshfwlyho| 0 fhuwdlqo| vxssruw wklv ylhzsrlqw1 Krzhyhu/ lw vkrxog eh srlqwhg
rxw wkdw wkhvh prghov dvvxph d shuihfwo| frpshwlwlyh plfurhfrqrplf vwuxf0
wxuh1 Lw iroorzv wkdw lq dq| vlpxodwlrqv prylqj iurp d uhjxodwhg wr d wr0
wdoo| ghuhjxodwhg hfrqrp| wkh shuihfwo| frpshwlwlyh vwuxfwxuh zloo dozd|v eh
suhihudeoh wr wkh uhjxodwhg fdvh1 Lw lv d zhoo nqrzq uhvxow4 wkdw xqghu vlwxd0
wlrqv ri lpshuihfw frpshwlwlrq wkhuh duh jdlqv wr eh pdgh wkurxjk vwudwhjlf
wudgh1 Xqghu dq| vlwxdwlrq zkhuh wkh hfrqrp| lv prylqj iurp rqh pdunhw

4Vhh ^8<` ru ^48` iru wh{werrn h{dpsohv1
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vwuxfwxuh wr dqrwkhu/ zklfk pd| qrw qhfhvvdulo| eh pruh frpshwlwlyh/ zhoiduh
dv d zkroh pljkw qrw lqfuhdvh/ dw ohdvw lq wkh vkruw0uxq1

Qrupdq dqg Jrggdug ^99` surylgh dq h{whqvlyh olwhudwxuh uhylhz ri vwxg0
lhv h{dplqlqj wkh zhoiduh lpsolfdwlrqv ri vxsso| pdqdjhphqw1 Prvw frqyhq0
wlrqdo vwxglhv dvvhvv wkh ehqh�w2frvw ri wudgh uhvwulfwlrqv frpsduhg zlwk wkh
dowhuqdwlyh vfhqdulr ri shuihfw frpshwlwlrq1 Lq vlwxdwlrqv zkhuh wkhuh h{lvwv
lpshuihfwo| frpshwlwlyh lqvwlwxwlrqdo vwuxfwxuhv lq dq lqgxvwu|/ iru h{dpsoh
plggohphq zlwk prqrsro|2prqrsvrq| ru roljrsro|2roljrsvrq| srzhuv/ lw lv
vkrzq wkdw frxqwhuydlolqj srzhuv dfwxdoo| lqfuhdvh erwk surgxfhu dqg frq0
vxphu zhoiduh1

Lq wkh vlwxdwlrq zkhuh surgxfhuv duh dvvxphg wr eh shuihfwo| frpshwlwlyh
exw wkhuh h{lvwv pdunhw srzhu e| surfhvvruv d prqrsro|2prqrsvrq| vlwx0
dwlrq rffxuv +Vhh Iljxuh 4916,1 Vlqfh surfhvvruv duh prqrsrolvwlf wkh| vhoo
zkhuh pdujlqdo uhyhqxh +PU, htxdwhv zlwk uhwdlo vxsso|1 Frqvxphuv duh
idfhg zlwk d uhwdlo sulfh E�oe|@�,� zklfk lv deryh wkh shuihfwo| frpshwlwlyh
uhwdlo sulfh1 Surfhvvruv ghpdqg txdqwlw| ' zklfk wudqvirupv wkh idup ohyho
ghpdqg lqwr d pdujlqdo uhyhqxh surgxfw E�-� � fxuyh1 Idup ohyho htxlole0
ulxp lv zkhuh pdujlqdo uhyhqxh surgxfw htxdwhv zlwk pdujlqdo h{shqglwxuh1

Wklv fdq eh frpsduhg zlwk wkh vlwxdwlrq zkhuh surgxfhuv fdq xqghu0
wdnh vxsso| pdqdjhphqw +Vhh Iljxuh 4917,1 Xqghu uhjxodwlrq/ zkhuh wkh
sulfh sdlg e| surfhvvruv lv h{rjhqrxvo| vhw dw �J� +Frvw ri Surgxfwlrq,/
wkh txdqwlw| surgxfhg lv '/ zkhuh wkh sulfh sdlg e| surfhvvruv furvvhv wkh
h�hfwlyh ghpdqg fxuyh E�-� �1 Wkh txdqwlw| surgxfhg lv vwloo ehorz wkh
frpshwlwlyh htxloleulxp exw wkh surgxfhu sulfh lv kljkhu dqg wkh frqvxphu
sulfh lv orzhu wkdq xqghu ghuhjxodwlrq1

Wkh uhvxowv vxjjhvw wkdw li ghuhjxodwlrq dqg wudgh olehudolvdwlrq gr qrw
uhpryh pdunhw srzhu khog e| plggohphq wkhq wkh suhvxphg ehqh�fldulhv ri
uhirup/ frqvxphuv/ zloo orvh wr wkh ehqh�w ri plggohphq1

4918 Hfrqrplf uhjuhwv iurp lqgxvwu| ghplvh
Xqghu dq| ghuhjxodwlrq vfkhph/ orqj0uxq ehqh�wv wr wkh hfrqrp| prvw riwhq
kdyh vkruw0uxq dgmxvwphqw frvwv1 Prvw hfrqrp|0zlgh prghov gr qrw dqdo|vh
wkh dgmxvwphqw sdwk wdnhq1 Zkhuh zhoiduh ehqh�wv duh pdujlqdo/ dv lq wkh
fdvh zkhuh wkh lqgxvwu| pdnhv d vpdoo frqwulexwlrq wr wkh zkroh hfrqrp|/
wkh dgmxvwphqw frvwv wr wkdw lqgxvwu| pd| idu rxwzhljk wkh orqj0uxq ehqh�wv
wr wkh hfrqrp| dv d zkroh1 Wklv lv hvshfldoo| vr zkhq vrfldo frvwv/ hfrqrplf
uhjuhwv/ hqylurqphqwdo lvvxhv dqg wkh olnh duh qrw wdnhq lqwr frqvlghudwlrq1

Lqfuhdvhg iuhhgrp ri djulfxowxudo wudgh kdv wkh srwhqwldo wr lqfuhdvh wkh
zhoiduh ri Dxvwudoldq frqvxphuv1 Krzhyhu/ wkh vxevwdqwldo frqwudfwlrq ri dq
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Iljxuh 4916= Vxsso|2Ghpdqg judsk ri d Prqrsro|2Prqrsvrq| lqgxvwu|
+Vrxufh= ^99/ s1 4;`,
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Iljxuh 4917= Vxsso|2Ghpdqg judsk ri d Prqrsro|2Prqrsvrq| lqgxvwu|
zlwk vxsso| pdqdjhphqw +Vrxufh= ^99/ s1 4<`
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lqgxvwu| pd| eulqj derxw d qxpehu ri �hfrqrplf uhjuhwv�1

Orvv ri mrev Li wkh slj surgxfwlrq dqg surfhvvlqj vhfwruv ghfolqh/ mrev pd|
eh orvw lq wkh lqgxvwu|/ dqg lq xsvwuhdp +lqsxw vxsso|, lqgxvwulhv1

Orvv ri uhjlrqdo hfrqrplf  rz0rq ehqh�wv Dv lq wkh fdvh ri mrev/ uh0
gxfhg lqfrph lq wkh slj surgxfwlrq dqg surfhvvlqj vhfwruv frxog ohdg
wr uhgxfhg lqfrphv lq lqsxw vxsso|0uhodwhg vhfwruv/ h1j1 wkh judlqv lq0
gxvwu| ru wudqvsruwdwlrq1 Froodsvh ri d yhu| odujh sljjhu| frxog kdyh
d pdmru orfdo hfrqrplf lpsdfw1 Zlwk wkh ghfolqh ri wkh uxudo srsxod0
wlrq/ uxudo wrzqv pd| eh yxoqhudeoh wr orvv ri edqnv/ vfkrrov dqg rwkhu
lpsruwdqw vhuylfhv1

Ghfolqh lq ydoxh ri dvvhwv Pdq| ri wkh dvvhwv xvhg lq slj surgxfwlrq/ vxfk
dv lqwhqvlyh slj krxvlqj/ duh qrw zhoo vxlwhg wr rwkhu lqgxvwulhv/ khqfh
wkh ydoxh ri wkhvh dvvhwv zloo eh zulwwhq grzq/ uhsuhvhqwlqj d orvv wr
surgxfhuv1

Wkh vw|olvhg idfwv ri wkh slj lqgxvwu| vxjjhvw wkdw surgxfwlylw| jdlqv lq
slj surgxfwlrq zloo rqo| ohdg wr pdujlqdo sur�wdelolw| jdlqv1 Ihujxvrq ^6;`
vxjjhvwv wkdw surgxfwlylw| jdlqv lq grzqvwuhdp +surfhvvlqj, lqgxvwulhv duh
pruh olnho| wr ohdg wr juhdwhu lqfuhdvhv lq sur�wdelolw| wkdq wkh htxlydohqw
surgxfwlylw| jdlqv lq djulfxowxudo surgxfwlrq lwvhoi1 Lq vxfk d vfhqdulr/ wkh
jhqhudo htxloleulxp jdlqv iurp wkh uhglvwulexwlrq ri uhvrxufhv zloo rqo| rffxu
li uhvrxufhv duh uhglvwulexwhg wr lqgxvwulhv zklfk gr qrw idfh vxfk lqvwlwxwlrqdo
frqvwudlqwv1

4919 Vxppdu|
Lq wklv fkdswhu zh glvfxvvhg wkh srvvlelolw| wkdw jdlqv iurp wudgh pd| qrw
hyhqwxdwh li lqvwlwxwlrqdo glvwruwlrqv duh qrw holplqdwhg sulru wr ru frqfxuuhqw
zlwk lqgxvwu| uhirup1

Lq wkh suhvhqfh ri pdunhw srzhu h{huflvhg e| plggohphq zklfk lv qrw
uhpryhg xqghu wudgh olehudolvdwlrq wkhuh h{lvwv d vhfrqg ehvw dujxphqw iru
surwhfwlrq1 Wkh qhhg iru h!flhqf| jdlqv lq wkh sljphdw lqgxvwu| lv xqtxhv0
wlrqhg/ dv iru dq| uxudo lqgxvwu|1 Krzhyhu/ wkh surfhvv ri dgmxvwphqw iru dq
lqgxvwu| uhfhqwo| vxemhfwhg wr vwurqj lqwhuqdwlrqdo frpshwlwlrq qhhgv fduh1
Lw lv suredeoh wkdw frpshwlwlrq iurp sljphdw lpsruwv zloo frqwlqxh/ dqg wkh
lqgxvwu| zloo qhhg wr dgdsw wr wkh fkdqjhg flufxpvwdqfhv1 Wkh Frpprq
Djulfxowxudo Surjudp +FDS, ri wkh Hxurshdq Frppxqlw| lv olnho| wr frq0
wlqxh wr vxevlglvh idup surgxfwlrq dqg dq djjuhvvlyh h{sruw sxvk e| kljko|
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h!flhqw Qruwk Dphulfdq slj surgxfhuv dsshduv lqhylwdeoh1 Wkh uhvxpswlrq
ri Wdlzdqhvh h{sruwv lqwr wkh Mdsdqhvh pdunhw diwhu wkh hudglfdwlrq ri irrw0
dqg0prxwk0glvhdvh zloo dovr dgg wr lqwhuqdwlrqdo vxssolhv1

Dxvwlq ^46` txrwhv Nohfnqhu +suhvlghqw ri wkh Dphulfdq Idup Exuhdx Ihg0
hudwlrq, dv vd|lqj wkdw dgmxvwphqw lv lqhylwdeoh/ exw wkdw lqgxvwulhv vkrxog eh
jlyhq dw ohdvw �yh |hduv zduqlqj ri pdmru vwuxfwxudo dgmxvwphqw1 Wklv wlph
doorzv surgxfhuv wr sodfh wkhlu exvlqhvv ri d frpshwlwlyh irrwlqj ru vzlwfk wr
rwkhu hqwhusulvhv1

Zkhq sulfhv ehorz frvw ri surgxfwlrq duh uhfhlyhg/ slj surgxfhuv fdq eh
h{shfwhg wr frqwlqxh lq rshudwlrq lq wkh vkruw uxq li dyhudjh yduldeoh frvw lv
ehlqj phw1 Wr qrw surgxfh zrxog fdxvh d juhdwhu orvv/ jlyhq ryhukhdg frvwv
pxvw dozd|v eh phw1 Exw lq wkh orqjhu whup dqg dv dvvhwv fdq eh glvsrvhg
ri/ h{lw ri surgxfhuv iurp wkh lqgxvwu| zrxog eh h{shfwhg1

Xqolnh pl{hg fursslqj ru h{whqvlyh jud}lqj zkhuh lw lv hdvlhu wr vzlwfk
ehwzhhq hqwhusulvhv/ lq prghuq slj iduplqj zlwk sxusrvh exlow exloglqjv dqg
idflolwlhv/ lw lv qrw ihdvleoh wr vzlwfk wr rwkhu hqwhusulvhv1 Wkh dvvhwv zklfk
ehfrph uhgxqgdqw duh qrw hdvlo| glvsrvhg ri1 Khqfh lqgxvwu| frqwudfwlrq fdq
eh vorz dqg h{shqvlyh1

Zkhq slj surgxfhuv duh xqdeoh wr vhoo wkhlu vwrfn/ ehfdxvh phdwzrunv
zloo qrw dffhsw wkhp/ wkh| duh idfhg zlwk d gl!fxow glohppd1 Vwrfn pd| eh
ihg rq/ dw wkh h{shqvh ri ihhg dqg rwkhu lqsxwv/ ru ghvwur|hg1 Lq dq| fdvh
wkhuh lv w|slfdoo| d gudvwlf h�hfw rq idup lqfrph1
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Fkdswhu 4:

Vdihjxdug phdvxuhv wr uhphg|
vhulrxv lqmxu|

4:14 Lqwurgxfwlrq
Wklv fkdswhu glvfxvvhv txrwdv/ wdul�v dqg vxevlglhv dv srvvleoh dvvlvwdqfh
phdvxuhv iru jryhuqphqw vxssruw wr wkh slj lqgxvwu|1 Lw lv dujxhg wkdw xqghu
sduwlfxodu flufxpvwdqfhv vxevlglhv duh suhihuuhg wr wdul�v dv d phdvxuh iru
vkruw0whup dvvlvwdqfh1

Wkh Surgxfwlylw| Frpplvvlrq lq lwv lvvxhv sdshu ^:9/ ss1 <043` lqylwhg
vxjjhvwlrqv dv wr zkdw sduwlfxodu phdvxuhv zrxog eh dssursuldwh wr uhphg|
vhulrxv lqmxu|1 Lq hvvhqfh/ wkhuh duh wkuhh rswlrqv/ d txrwd/ d wdul� ru d
vxevlg| 0 lqfoxglqj oxps vxp frpshqvdwlrq1 D txrwd lv wkh ohdvw suhihuuhg
rswlrq vlqfh frpsduhg zlwk wdul�v/ zklfk rqo| fuhdwh dq rssruwxqlw| wr h{0
huflvh prqrsro| srzhu rqfh lw kdv h{foxghg doo lpsruwv/ d txrwd fuhdwhv dq
rssruwxqlw| wr h{huflvh prqrsro| srzhu hyhq li wkh txrwd lv qrw surklelwlyh1
Zh vwduw wkh glvfxvvlrq e| dujxlqj lq vhfwlrq 4:15 wkdw vxevlglhv duh suhihuuhg
wr wdul�v ehfdxvh wkh| duh ohvv glvwruwlqj1 Lq vhfwlrq 4:16 zh dujxh wkdw lq
wkh suhvhqfh ri lpshuihfw frpshwlwlrq d txrwd pd| eh d wklug ehvw rswlpd
ehfdxvh lw uhpryhv wkh wkuhdw ri xqolplwhg lpsruwv dqg frqvhtxhqwo| wkh
delolw| iru plggohphq wr sod| d Ehuwudqg edujdlqlqj jdph djdlqvw surgxf0
huv41 Ilqdoo| lq vhfwlrq 4:17 zh dujxh wkdw wkh ehvw rxwfrph iru wkh lqgxvwu|
zrxog eh d oxps0vxp frpshqvdwlrq exw wkdw wklv zrxog eh xqolnho| wr eh
dffhswdeoh wr wkh jryhuqphqw gxh wr lwv srolwlfdo frvw1

4Vhh fkdswhu :1
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4:15 Wkh fdvh iru vxevlglhv lq suhihuhqfh wr
wdul�v

Hyhq li Dxvwudold zhuh deoh wr lpsrvh wdul�v rq wkh lpsruwdwlrq ri sljphdw/
xqghu fhuwdlq flufxpvwdqfhv lw kdv ehhq vkrzq wkdw vxevlglhv duh suhihuuhg wr
wdul�v iurp d Sduhwr0rswlpxp srlqw ri ylhz1 Xqghu wkh dvvxpswlrq ri d vpdoo
frxqwu| +l1h1 d shuihfwo| hodvwlf ghpdqg fxuyh, wkh rswlpdo wdul� lv vkrzq
wr eh forvh wr }hur1 Frughq ^56/ ss1 :043` rxwolqhv wkh sduwldo htxloleulxp
wkhru| ri dq rswlpdo vxevlg| lq wkh suhvhqfh ri d vrfldo5 ehqh�w dvvrfldwhg
zlwk wkh h{lvwhqfh ri d grphvwlf lqgxvwu| +iru h{dpsoh/ wkh hfrqrplf uhjuhwv
fdvh,1 Wkh dujxphqw lv dorqj wkh iroorzlqj olqhv=

D gldjudp ri grphvwlf vxsso| +JJ�, dqg grphvwlf ghpdqg +GG�, iru dq
lpsruwdeoh surgxfw lv rxwolqhg +vhh Iljxuh 4:14,1 Zlwk wkh iruhljq vxsso|
fxuyh dw SS�/ grphvwlf surgxfwlrq zrxog eh dw RD/ grphvwlf frqvxpswlrq
dw RE/ dqg wkh h{fhvv ghpdqg/ fdwhuhg iru e| lpsruwv/ zrxog eh DE1 Li
JJ� lv ylhzhg dv wkh pdujlqdo sulydwh frvw ri surgxfwlrq/ wkhq wkhuh h{lvwv
d pdujlqdo vrfldo frvw/ KK�/ zklfk lv ohvv wkdq wkh pdujlqdo sulydwh frvw
ri surgxfwlrq61 Wkdw lv/ wkhuh duh vrph ehqh�wv dwwdfkhg wr grphvwlf sur0
gxfwlrq zklfk duh qrw wdnhq lqwr frqvlghudwlrq lq wkh ghwhuplqdwlrq ri wkh
grphvwlf surgxfhuv* vxsso| fxuyh1 Vrph ri wkhvh ehqh�wv duh lqfrusrudwhg
lqwr d jhqhudo htxloleulxp iudphzrun zkhuh olqndjhv ehwzhhq lqgxvwulhv duh
prghoohg1 Iru h{dpsoh/ wkhuh duh olqndjhv ehwzhhq wkh slj lqgxvwu| dqg wkh
uxudo frppxqlw| lq zklfk lw lv orfdwhg1 Rwkhu ehqh�wv/ vxfk dv wkh hfrqrplf
uhjuhwv fdvh rxwolqhg lq Vhfwlrq 4918/ duh qrw w|slfdoo| prghoohg lq hlwkhu d
sduwldo ru jhqhudo htxloleulxp vhwwlqj exw vwloo qhhg wr eh frqvlghuhg1

Zlwk wkh dgghg dvvxpswlrqv wkdw GG� uhsuhvhqwv wkh ixoo +sulydwh soxv
vrfldo, pdujlqdo ydoxh ri frqvxpswlrq dqg wkdw SS� uhsuhvhqwv wkh ixoo +sul0
ydwh dqg vrfldo, pdujlqdo frvw ri lpsruwv7/ wkhq RE lv wkh vrfldoo| ghvludeoh
ohyho ri frqvxpswlrq +wklv rffxuv zlwkrxw lqwhuyhqwlrq, dqg RF lv wkh vrfldoo|
ghvludeoh ohyho ri grphvwlf surgxfwlrq1

Zlwkrxw lqwhuyhqwlrq wkh pdunhw lv lq htxloleulxp zkhq grphvwlf sur0
gxfwlrq lv dw RD/ exw RF lv wkh ghvludeoh ohyho ri grphvwlf surgxfwlrq iurp
vrflhw|*v srlqw ri ylhz1 Wkxv lqwhuyhqwlrq lv uhtxluhg wr rewdlq wkh vrfldoo|
ghvludeoh ohyho ri grphvwlf surgxfwlrq1 Wkh lqwhuyhqwlrq zrxog wdnh sodfh lq

5Lq hfrqrplf whupv wkh vrfldo ehqh�w +ru frvw, lv wkh hfrqrplf ehqh�w +ru frvw, eruqh
e| wkh zkroh frppxqlw|

6Wklv gl�huhqfh dulvhv ehfdxvh ri wkh  rz0rq h�hfwv ri surgxfwlrq/ iru h{dpsoh wr wkh
ihhg0judlqv dqg wudqvsruw vhfwruv1

7Wkhvh dvvxpswlrqv duh qhhghg vr wkdw wkhuh lv qr glyhujhqfh ehwzhhq sulydwh dqg
vrfldo ehqh�wv iru wkh zruog vxsso| dqg iru grphvwlf frqvxpswlrq/ dv wkhuh lv lq wkh fdvh
ri grphvwlf surgxfwlrq1
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Iljxuh 4:14= H�hfw ri d surgxfwlrq vxevlg| rq dq lpsruwdeoh surgxfw +Vrxufh=
^56/ Ilj 514 s1 :`,

wkh irup ri dq rxwsxw vxevlg|/ udlvlqj wkh sulfh sdlg wr surgxfhuv wr RV/ dw
d frvw wr wkh wuhdvxu| ri SVMO/ exw zlwk frqvxphu sulfh uhpdlqlqj dw RS1
Zlwk wkh ixuwkhu dvvxpswlrqv wkdw wkh lqfrph glvwulexwlrq h�hfwv duh fdq0
fhoohg rxw dqg wkh +uh,glvwulexwlrq ri lqfrph lv frvwohvv lq lwv lpsohphqwdwlrq/
wkhuh lv d qhw vrfldo ehqh�w iurp wkh lqwurgxfwlrq ri d surgxfwlrq vxevlg|1
Wkh vrfldo frvw ri wkh vxevlg| lv DNOF zklfk lv ohvv wkdq wkh frvw ri wkh
lpsruwv uhsodfhg +DQOF, e| wkh vkdghg duhd NQO/ zklfk lv wkh vrfldo jdlq
ri wkh vxevlg|1 Zkloh wd{sd|huv orvh SVMO/ wklv lv wkh vdph dv wkh jdlq wr
surgxfhuv/ dqg lq dgglwlrq/ wkhuh lv d jdlq ri NQMO/ wkh gl�huhqfh ehwzhhq
wkh +orzhu, vrfldo frvw dqg wkh +kljkhu, sulydwh frvw1

Wkh vrfldo ehqh�wv ri d vxevlg| fdq eh frpsduhg zlwk wkh glvwruwlrqdu|
h�hfwv ri d wdul�/ dv vkrzq lq Iljxuh 4:151 Lpsrvlqj d wdul� ri SV zrxog udlvh
wkh surgxfhu sulfh wr RV/ ghfuhdvh lpsruwv wr FE�/ dqg lqfuhdvh grphvwlf
surgxfwlrq e| DF1 Wklv zrxog surgxfh wkh vdph vrfldo jdlq dv lq wkh vxevlg|
fdvh/ exw dovr lqwurgxfh d frqvxpswlrq h�hfw/ fuhdwlqj d vrfldo zhoiduh orvv1
Xqghu d wdul�/ frqvxphu sulfh zrxog lqfuhdvh wr RV/ ghfuhdvlqj frqvxpswlrq
wr RE� dqg uhvxowlqj lq d ghdgzhljkw orvv ri wkh vkdghg duhd IHT1 Wkh
uhodwlyh vl}hv ri NQO/ wkh jdlq wr vrflhw|/ dqg IHT/ wkh orvv wr frqvxphuv/
duh dq hpslulfdo pdwwhu1

Zkloh lw dsshduv wkdw vxevlglhv duh pruh h!flhqw wkdq wdul�v xqghu fhuwdlq
flufxpvwdqfhv/ zh kdyh qrw |hw vdlg dq|wklqj derxw zkdw w|sh ri vxevlg|
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Iljxuh 4:15= H�hfw ri d wdul� rq dq lpsruwdeoh surgxfw +Vrxufh ^56/ Ilj 515
s1 <`,

zrxog eh suhihuuhg1 Zkloh lw lv qrw rxu lqwhqwlrq wr dqdo|vh wkh glvwruwlrqdu|
h�hfwv ri gl�huhqw vxevlghv/ lw lv shukdsv xvhixo wr rxwolqh vrph sduwlfxodu
irupv ri vxevlglhv zklfk pd| eh judqwhg wr djulfxowxudo lqgxvwulhv1

Dqqh{ 5 ri wkh 4<<7 JDWW Djuhhphqw rq Djulfxowxuh rxwolqhv grphvwlf
vxssruw lqvwuxphqwv zklfk duh dssuryhg xqghu wkh JDWW iru h{hpswlrq
iurp uhgxfwlrq frpplwphqwv=

Wkh ixqgdphqwdo uhtxluhphqw lv wkdw wkh| kdyh qr/ ru dw prvw
plqlpdo/ wudgh glvwruwlrq h�hfwv ru h�hfwv rq surgxfwlrq1 ^6</
Djuhhphqw rq Djulfxowxuh Dqqh{ 5+4,`

Vxfk vxssruw lqvwuxphqwv lqfoxgh jhqhudo vhuylfhv vxfk dv=

41 Uhvhdufk dqg ghyhorsphqw

51 Shvw dqg glvhdvh frqwuro

61 Wudlqlqj/ h{whqvlrq dqg dgylvru| vhuylfhv

71 Lqvshfwlrq vhuylfhv

81 Pdunhwlqj dqg surprwlrq vhuylfhv
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91 Lqiudvwuxfwxudo vhuylfhv

Lw lv qrwhg wkdw wkh jryhuqphqw kdv douhdg| frpplwwhg lwvhoi wr surylgh
'43 ploolrq lq uhvhdufk/ ghyhorsphqw/ dqg pdunhwlqj ixqgv ryhu wkuhh |hduv
wr dvvlvw wkh lqgxvwu| wr lqfuhdvh lwv lqwhuqdwlrqdo frpshwlwlyhqhvv dqg pryh
wr dq lqfuhdvhg h{sruw irfxv ^97/ s1 4`1

Rwkhu vxssruw lqvwuxphqwv lqfoxgh

41 Gluhfw sd|phqwv wr surgxfhuv 0 vr orqj dv wkh| phhw wkh ixqgdphqwdo
uhtxluhphqw vhw rxw deryh

51 Ghfrxsohg lqfrph vxssruw 0 qrw uhodwhg wr surgxfwlrq ohyhov

61 Lqfrph lqvxudqfh ru vdihw|0qhw surjudpphv

71 Vwuxfwxudo dgmxvwphqw surjudpphv dqg

81 Uxudo dvvlvwdqfh surjudpphv

4:16 Wkh fdvh iru txrwdv
Txrwdv fuhdwh dq duwl�fldo vfduflw| ri wkh sduwlfxodu frpprglw| wr zklfk lw
lv dssolhg dqg wkhuhe| udlvhv lwv vhoolqj sulfh1 Ri frxuvh wklv lv xqghu wkh
dvvxpswlrq ri d shuihfwo| frpshwlwlyh grphvwlf pdunhw zkhuh wkh lqfuhdvh
lq sulfh lv sdvvhg gluhfwo| rqwr wkh frqvxphu dqg uhvxowv lq dq lqfuhdvh lq
surgxfhu sulfh1 Dq lqfuhdvh lq frqvxphu sulfh uhgxfhv frqvxphu zhoiduh
zkhuhdv dq lqfuhdvh lq surgxfhu sulfh glvwruwv surgxfwlrq ghflvlrqv dqg gudzv
uhvrxufhv lqwr wkh +lqh!flhqw, surwhfwhg lqgxvwu| dqg dzd| iurp +h!flhqw,
xqsurwhfwhg lqgxvwulhv1

Uhodwlyh wr wkh iuhh0wudgh srvlwlrq xqghu shuihfw frpshwlwlrq txrwdv duh
glvwruwlrqdu| dv wkh| doorz prqrsrolvwlf uhqwv wr eh fdswxuhg1 Lq wkh suhvhqfh
ri plggohphq gulylqj d zhgjh ehwzhhq surgxfhu dqg uhwdlo sulfhv txrwdv
zloo glvwruw wkh plggohphqv* ghpdqg fxuyh jlylqj prqrsrolvwlf uhqwv wr wkh
grphvwlf surgxfhuv81 Lq wkh suhvhqfh ri plggohphq zlwk pdunhw srzhu lw lv
dq hpslulfdo txhvwlrq dv wr zkhwkhu plggohphq zloo sdvv rq sulfh ulvhv wr
frqvxphuv 0 exw pdlqwdlq surgxfhu sulfhv dw d orz ohyho/ ru devrue wkh sulfh
ulvh lq d uhgxfhg pdunhwlqj pdujlq1 Lq wkh suhvhqfh ri plggohphq txrwdv
pd| dfwxdoo| eh zhoiduh hqkdqflqj li wkh pdunhwlqj pdujlq iru plggohphq
lv uhgxfhg1 Wkh ulvh lq uhwdlo sulfh gxh wr wkh frqwudfwlrq ri lqgxvwu| vxsso|

8Uhodwlyh wr wkh plggohphq dqg iruhljq surgxfhuv1 Zh duh wuhdwlqj surgxfhuv dv ehlqj
vlqjoh hqwlwlhv dqg ljqrulqj wkh lvvxhv ri frpshwlwlrq dqg h!flhqf| zlwklq surgxfhu hqwlwlhv1
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zloo eh r�vhw e| wkh lqfuhdvh lq surgxfwlrq gxh wr wkh lqfuhdvh lq surgxfhu
sulfhv1

Li wkh remhfwlyh ri jryhuqphqw srolf| lv wr lqfuhdvh zhoiduh dqg uhgxfh
pdunhw glvwruwlrqv gxh wr wkh lqvwlwxwlrqdo vwuxfwxuh ri dq lpshuihfwo| frp0
shwlwlyh lqgxvwu|/ wkhq wkhuh lv dq dujxphqw iru txrwdv wr eh lpsrvhg1 Lq vxfk
d vlwxdwlrq wkh txrwd uhpryhv wkh wkuhdw ri xqolplwhg lpsruwv dqg lpsrvhv
d fdsdflw| frqvwudlqw iru wkh iruhljq surgxfhu xqghu d Ehuwudqg edujdlqlqj
jdph ehwzhhq surgxfhv dqg plggohphq1 Wkh plggohphq duh rqo| deoh wr
lpsruw xs wr wkh txdqwlw| ri wkh txrwd dqg wkhq pxvw vrxufh wkh uhvw ri wkhlu
surgxfw iurp wkh grphvwlf pdunhw1

Hyhq li wkh txrwd lv vhw dw d kljkhu ohyho wkdq fxuuhqw lpsruwv 0 wkhuhe|
uhprylqj +ru dw ohdvw uhgxflqj, wkh remhfwlrqv ri wkh h{sruwlqj frxqwu| 0 wkh
lpsrvlwlrq ri wkh txrwd lwvhoi lv hqrxjk wr olplw wkh pdunhw srzhu ri pdunhw
lqwhuphgldulhv1 Lpsruwv fdq rqo| ulvh wr wkh ohyho ri wkh txrwd dqg grphvwlf
surgxfwlrq rqo| kdv wr idoo e| wkh dprxqw ri wkh txrwd wr pdlqwdlq vxsso|
wr wkh grphvwlf pdunhw iru grphvwlf sulfhv wr eh pdlqwdlqhg1

4:17 Wkh fdvh iru frpshqvdwlrq
Hyhq li txrwdv uhgxfh wkh delolw| ri plggohphq wr h{huw pdunhw srzhu wkh
sureohp zlwk txrwdv lv wkdw wkh| doorz prqrsro| srzhuv wr eh h{huflvhg
frpsduhg zlwk wkh iuhh wudgh dowhuqdwlyh dqg uhpryhv wkh frqwhvwdelolw| ri d
pdunhw e| uhvwulfwlqj hqwu|1

Xqghu wkh Djuhhphqw rq Vdihjxdugv ri JDWW 4<<7 ^6<` Vdihjxdug phd0
vxuhv olnh txrwdv ru wdul�v pd| rqo| eh dssolhg iru d shulrg ri irxu |hduv
lq wkh �uvw lqvwdqfh1 Vdihjxdug phdvxuhv zloo jlyh wkh lqgxvwu| wlph wr uh0
vwuxfwxuh dqg vhhn rxw qhz h{sruw pdunhwv iru kljkhu ydoxhg srun ehoolhv1
Krzhyhu/ xqohvv dssursuldwh dfwlrq lv wdnhq e| wkh surwhfwhg lqgxvwu| gxulqj
wkh shulrg ri dssolfdwlrq wr uhvwuxfwxuh lwvhoi lq suhsdudwlrq iru wudgh olehu0
dolvdwlrq/ wkh uhprydo ri wkh Vdihjxdug phdvxuh zloo prvw olnho| uhwxuq wkh
lqgxvwu| wr wkh vdph suhglfdphqw wkdw lw zdv idflqj lqlwldoo|1 Lw lv grxewixo
zkhwkhu lq wkh devhqfh ri qrq0glvwruwlqj pdunhw vljqdov wkdw lqgxvwu| sod|huv
zloo frqgxfw dghtxdwh dgmxvwphqw1

Lq rughu iru surshu dgmxvwphqw wr wdnh sodfh lw lv lpsruwdqw wkdw fruuhfw
pdunhw vljqdov duh vhqw wr lqgxvwu| sod|huv1 Dv vxfk wkhuh lv dq dujxphqw iru
wkh xvh ri vxevlghv/ dqg lq sduwlfxodu oxps0vxp frpshqvdwlrq/ dv wkh prvw
dssursuldwh phdvxuh ri vxssruw zklfk grhv qrw ohdg wr d glvwruwlrq ri pdunhw
vljqdov1

Lq dgglwlrq wr JDWW0ohjdo vxevlglhv/ Oxps0vxp frpshqvdwlrq lv wkh prvw
dssursuldwh irup ri dvvlvwdqfh wr wkh lqgxvwu|1 Frpshqvdwlrq zloo jlyh ydox0
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deoh wlph wr h!flhqw surgxfhuv zkr duh h{shulhqflqj vkruw0whup oltxlglw|
sureohpv dqg hqdeoh wkhp wr frqwlqxh lq wkh lqgxvwu| dv zhoo dv surylglqj
surgxfhuv zlvklqj wr h{lw wkh lqgxvwu| wkh delolw| wr uhgxfh ru holplqdwh wkhlu
ghewv1

Wkhuh lv d sureohp zlwk vxevlglhv dqg frpshqvdwlrq sd|rxwv/ lq wkdw wkh|
duh srolwlfdoo| frvwo|1 Vxevlglhv duh kljko| ylvleoh frpsduhg zlwk txrwdv dqg
wdul�v zklfk lpsrvh d pxfk juhdwhu frvw rq wkh hfrqrp| exw duh klgghq iurp
sxeolf vfuxwlq|1 Lq wkh vlwxdwlrq zkhuh wkhuh lv d srolwlfdo frvw lq dsso|lqj
h{whuqdo phdvxuhv ri surwhfwlrq wkh grphvwlf srolwlfdo frvwv pd| eh ohvv/
wkhuhe| mxvwli|lqj grphvwlf phdvxuhv ri vxssruw lq suhihuhqfh wr h{whuqdo
phdvxuhv1 Lw lv d srolwlfdo hfrqrp| txhvwlrq dv wr krz juhdw wkh srolwlfdo frvw
+ru ehqh�w, lv lq ehlqj vhhq wr surylgh dvvlvwdqfh wr dq lqgxvwu| xqghujrlqj
vwuxfwxudo dgmxvwphqw1

4:18 Vxppdu|
Wklv fkdswhu kdv h{dplqhg dw wkh hfrqrplf lpsolfdwlrqv ri dvvlvwlqj d grphv0
wlf lqgxvwu| wr frsh zlwk h{srvxuh wr lqwhuqdwlrqdo pdunhw irufhv1 Vshfl�fdoo|/
li wkh ghflvlrq wr r�hu dvvlvwdqfh kdv ehhq pdgh/ zkdw lv wkh prvw dssur0
suldwh irup ri wkdw vxssruw1 Wzr lqvwuxphqwv frpprqo| xvhg duh wdul�v
dqg vxevlglhv1 Lw zrxog dsshdu wkdw wdul�v pd| zhoo eh d vhfrqg0ehvw srolf|
frpsduhg zlwk vxevlglhv1 Xqghu sduwlfxodu dvvxpswlrqv/ lqfoxglqj wkdw wkh
pdunhw htxloleulxp grhv qrw wdnh lqwr dffrxqw h{whuqdolwlhv/ d vxevlg| zloo
ohdg wr d qhw vrfldo zhoiduh jdlq/ frpsduhg zlwk wkh iuhh0wudgh vlwxdwlrq dqg
frpsduhg zlwk wkh wdul� vlwxdwlrq1 Wkh txhvwlrq ri zkhwkhu ru qrw wkhvh dv0
vxpswlrqv krog iru wkh Dxvwudoldq slj lqgxvwu| lv dq hpslulfdo txhvwlrq dqg
rqh zklfk qhhgv wr eh dvnhg rq d frqwlqxlqj edvlv1

Hyhq wkrxjk txrwdv duh pruh glvwruwlrqdu| wkdq wdul�v/ wkhuh lv d fdvh iru
suhihuulqj wkhp1 Xqghu vlwxdwlrqv ri grphvwlf pdunhw glvwruwlrqv zklfk kdyh
qrw ehhq uhpryhg xqghu wudgh olehudolvdwlrq txrwdv pd| khos uhgxfh zhoiduh
orvvhv1

Wkh ohdvw glvwruwlrqdu| phdvxuh ri vxssruw/ dqg rqh wkdw zloo doorz fru0
uhfw pdunhw vljqdov wr eh vhqw wr lqgxvwu| djhqwv/ lv oxps0vxp frpshqvdwlrq1
Hyhq wkrxjk wklv fduulhv d odujh srolwlfdo frvw/ lw pd| eh wkdw wkh srolwlfdo
ehqh�w lq surylglqj dvvlvwdqfh wr dq lqgxvwu| xqghujrlqj dgmxvwphqw rxw0
zhljkv wkh frvw1
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Fkdswhu 4;

Frqfoxvlrqv

Lq uhvsrqvh wr lqgxvwu| frqfhuqv derxw wkh idoo lq slj surgxfhu sulfhv iurp
Qryhpehu 4<<: +diwhu d fkdqjh lq wkh lpsruw surwrfrov, wr ohyhov ehorz wkh
frvw ri surgxfwlrq/ wkh Jryhuqphqw lqlwldwhg d Surgxfwlylw| Frpplvvlrq
Lqtxlu| lqwr wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu|1

Wklv uhsruw kdv h{dplqhg wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq sljphdw
lqgxvwu| wr ghwhuplqh zkhwkhu vdihjxdug dfwlrqv xqghu wkh Djuhhphqw rq
Vdihjxdugv/ JDWW 4<<7/ duh mxvwl�hg1 D suhylrxv lqyhvwljdwlrq e| wkh Lq0
gxvwu| Frpplvvlrq lq 4<<8 lqwr wkh h�hfw ri lpsruwv rq wkh Dxvwudoldq slj
lqgxvwu| frqfoxghg wkdw lpsruwv kdyh kdg d plqlpdo lpsdfw/ li dq| dw doo/ rq
wkh vdoh|dug sulfh ri sljphdw surgxfwv dqg wkh surgxfwlrq ri sljphdw ^86`1
Xvlqj dgydqfhg hfrqrphwulf whfkqltxhv zh kdyh ehhq deoh wr h{soruh gdwd
jhqhudwlqj surfhvvhv dqg lghqwli| uhodwlrqvklsv ehwzhhq htxloleulxp sulfhv
dqg surgxfwlrq txdqwlwlhv wkdw kdyh ehhq klgghq zkhq vwdqgdug hfrqrplf
dqdo|vlv kdv ehhq dssolhg1

Wkhuh lv dpsoh hfrqrphwulf hylghqfh wr lqglfdwh wkdw xqohvv wkh fruuhfw
gdwd jhqhudwlqj surfhvv lv lghqwl�hg/ dqg vwdwlvwlfdo dqdo|vlv dssursuldwho|
prgl�hg/ wkhq eldvhg uhvxowv/ zlwk frqvhtxhqwo|  dzhg frqfoxvlrqv/ pd|
uhvxow1 Wkh 4<<8 Lqgxvwu| Frpplvvlrq lqyhvwljdwlrq uholhg rq hfrqrphwulf
dqdo|vlv frqwdlqhg lq vxeplvvlrqv iurp DEDUH dqg wkh QVZ Jryhuqphqw
wr uhdfk wkhlu frqfoxvlrqv1 Wkhvh suhylrxv vwxglhv ^4/ 6/ 78` kdyh idlohg wr
wdnh lqwr frqvlghudwlrq wkh h�hfwv ri vhdvrqdo  xfwxdwlrqv lq ghpdqg dqg
vxsso|/ wkhuhe| hlwkhu vxjjhvwlqj wkdw d uhodwlrqvkls h{lvwv zkhq lw pd| qrw/
ru vxjjhvwlqj d uhodwlrqvkls grhv qrw h{lvw zkhq wkh hylghqfh srlqwv wrzdugv
d vwurqj uhodwlrqvkls1

Suhylrxv vwxglhv ^4/ 6` kdyh dovr hlwkhu idlohg wr wdnh lqwr frqvlghudwlrq
wkh lpsolfdwlrqv ri wkh odfn ri d vwdwlrqdu| orqj0whup wuhqg 0 dqg wkhuhe| dv0
vxplqj wkdw wkh wlph vhulhv zloo uhwxuq wr lwv klvwrulfdo wuhqg zkhq lw pd| qrw
0 ru kdyh zurqjo| lghqwl�hg wkh w|sh ri surfhvv xqghuslqqlqj wkh  xfwxdwlqj
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wuhqg1
Dowkrxjk wkh hfrqrphwulf whfkqltxhv wkhpvhoyhv zhuh rnd|/ wkh| zhuh qrw

dssursuldwh iru wkh sduwlfxodu dqdo|vhv xqghuwdnhq lq wkh DEDUH dqg QVZ
Jryhuqphqw vwxglhv1 Wkh frqfoxvlrqv uhdfkhg pxvw/ wkhuhiruh/ eh vxvshfw1 Lw
lv qrw vx!flhqw wr dvvhuw wkdw vwdqgdug plfurhfrqrplf ru lqwhuqdwlrqdo wudgh
wkhru| dssolhv wr wkh lqgxvwu| xqghu frqvlghudwlrq zkhq lw kdv douhdg| ehhq
vkrzq wkdw wkh xqghuo|lqj dvvxpswlrqv 0 shuihfwo| frpshwlwlyh htxloleuld dqg
vwdwlrqdu| orqj0whup wuhqgv dv wzr h{dpsohv 0 gr qrw dsso|1

Wkh Dxvwudoldq slj lqgxvwu| kdv frqvlvwhqwo| pdlqwdlqhg wkdw wkh ghflvlrq
wr doorz lpsruwv iurp Fdqdgd dw wkh ehjlqqlqj ri 4<<3 kdv ixqgdphqwdoo|
fkdqjhg wkh htxloleulxp uhodwlrqvkls ehwzhhq vxsso| dqg ghpdqg lq wkh gr0
phvwlf pdunhw1 Wklv lv dq dvvhuwlrq zklfk qhhgv wr eh whvwhg wr vhh zkhwkhu
wkh hylghqfh vwdqgv xs wr vwdwlvwlfdo vfuxwlq|1

Wkh dqdo|vlv frqgxfwhg lq wklv uhsruw kdv irxqg wkdw sulru wr 4<<3 slj
surgxfhu sulfhv zhuh uhodwlyho| vwdeoh dqg surgxfhuv frxog eh frq�ghqw ri
ehlqj deoh wr suhglfw pdunhw pryhphqwv1 Diwhu 4<<3 wkhuh zdv d vwuxfwxudo
euhdn zklfk lqgxfhg yrodwlolw| lq surgxfhu sulfhv qrw rqo| pdnlqj surgxfhu
ghflvlrqv pruh gl!fxow/ exw uhprylqj dq| orqj0uxq htxloleulxp uhodwlrqvkls1

Wkh uhprydo ri wkh orqj0uxq htxloleulxp uhodwlrqvkls vxjjhvwv wkdw yrodwlo0
lw| lq sulfhv pd| shuvlvw zlwk fruuhvsrqglqj dgyhuvh h�hfwv rq surgxfhuv1 Li
surgxfhu sulfhv frqwlqxh wr eh ehorz wkh frvw ri surgxfwlrq/ ru  xfwxdwh
zlogo|/ surgxfhu ghflvlrqv zloo qrw uh hfw ixwxuh pdunhw frqglwlrqv1

Wkh h{lvwhqfh ri d vwuxfwxudo euhdn lq wkh wlph vhulhv ri vdoh|dug sulfhv
iru edfrqhuv dw wkh �uvw txduwhu ri 4<<3 vxjjhvwv wkdw wkhuh kdv ehhq vrph
h{whuqdo hyhqw zklfk kdv fdxvhg wklv vkliw lq wkh pdunhw htxloleulxp1

Wklv uhsruw kdv irxqg wkdw lq dgglwlrq wr wkh vwuxfwxudo euhdn/ wkh orqj0
whup wuhqgv ri wkh ydulrxv vhulhv  xfwxdwh ryhu wlph1 Wklv phdqv wkdw lw lv
xqolnho| wkdw wkh vhulhv lq txhvwlrq/ iru h{dpsoh vdoh|dug sulfhv/ zloo uhwxuq
wr klvwrulfdo wuhqgv1 Qrw rqo| lv wkhuh dq h�hfw rq sulfhv/ exw wkh dgyhqw
ri lpsruwv kdv ixqgdphqwdoo| fkdqjhg wkh g|qdplfv ri wkh vxsso| uhvsrqvh1
Wkh DEDUH vxeplvvlrq wr wkh Lqgxvwu| Frpplvvlrq Uhsruw rq Sljv dqg
Sljphdw ^4/ s1 69` vxjjhvwhg wkdw sduwldo htxloleulxp dqdo|vlv lqglfdwhv wkdw
wkh lqwurgxfwlrq ri lpsruwv zrxog fdxvh d rqfh0r� uhgxfwlrq lq grphvwlf
sljphdw sulfhv1 Wkh dqdo|vlv lq wklv uhsruw vxjjhvwv wkdw wkh lqwurgxfwlrq
ri lpsruwv frqwlqxhv wr kdyh d odvwlqj h�hfw rq grphvwlf sljphdw surgxfhu
sulfhv dv lw kdv lqwurgxfhg qrq0vwdwlrqdulw| lqwr d suhylrxvo| vwdwlrqdu| vxs0
so| uhvsrqvh surfhvv1 Lpsxovh0Uhvsrqvh ixqfwlrqv/ zklfk vkrz wkh wlph sdwk
ri wkh pdunhw htxloleulxp lq uhvsrqvh wr d vkrfn wr wkdw htxloleulxp/ lqglfdwh
wkdw lq wkh suhvhqfh ri d vkrfn wkh pdunhw pryhv wr d qhz htxloleulxp dqg
grhv qrw uhwxuq wr wkh rog rqh1

Qrw rqo| duh wkh orqj0whup wuhqgv ri wkh sulfhv dqg surgxfwlrq vhulhv
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 xfwxdwlqj ryhu wlph/ wkhuh duh dovr vhdvrqdo h�hfwv frpsrxqglqj wkh  xf0
wxdwlrq1 Li wkhvh vhdvrqdo h�hfwv duh qrw wdnhq lqwr frqvlghudwlrq/ qrupdo
vwdwlvwlfdo whfkqltxhv xvhg wr lghqwli| wkh  xfwxdwlrq lq wkh wuhqg/ dqg dg0
mxvw hfrqrplf lqwhusuhwdwlrqv dffruglqjo|/ duh  dzhg dqg frqfoxvlrqv uhdfkhg
duh fdvw lqwr grxew1

Kdylqj wdnhq wkhvh idfwruv lqwr frqvlghudwlrq/ wklv uhsruw lqglfdwhv wkdw
frqfoxvlrqv uhdfkhg lq suhylrxv vwxglhv dsshdu wr eh plvohdglqj1 Wkh DEDUH
vwxglhv rq wkh slj lqgxvwu| kdyh frqwhqghg wkdw grphvwlf sulfhv duh vwurqjo|
lq xhqfhg e| grphvwlf surgxfwlrq/ exw wklv uhsruw kdv irxqg wkdw lpsruwv
dovr sod| dq lpsruwdqw uroh1 Xqolnh suhylrxv vwxglhv/ wklv uhsruw kdv irxqg
d vljql�fdqw uhodwlrqvkls ehwzhhq lpsruw yroxphv dqg lpsruw sulfhv dqg gr0
phvwlf surgxfwlrq dqg grphvwlf sulfhv dw doo ohyhov ri wkh pdunhwlqj fkdlq1

Wkh vljql�fdqw uhodwlrqvkls ehwzhhq lpsruwv dqg surgxfhu sulfhv kdv
ehhq lq wkh irup ri lpsruwv erwk lqgxflqj lqfuhdvhg yrodwlolw| lq sulfhv
dqg lqgxflqj d idoo lq wkh surgxfhu sulfh iru edfrqhuv1 Hfrqrphwulf prg0
hoolqj ri wkh idfwruv d�hfwlqj surgxfhu sulfhv lqglfdwhv wkdw iru hyhu| dg0
glwlrqdo 4333 wrqqhv ri sljphdw lpsruwhg/ grphvwlf surgxfhu sulfhv idoo e|
2f��e��f��22f*&}1 Wklv frpsduhv zlwk wkh h�hfw ri grphvwlf sljphdw surgxf0
wlrq/ zkhuh hyhu| 4333 wrqqhv ri h{wud surgxfwlrq gursshg surgxfhu sulfhv
e| 2�S�.���22D2f*&}1 Wkh udqjhv ri wkhvh hvwlpdwhv duh uhodwlyho| odujh1 Wdn0
lqj lqwr dffrxqw lqwhudfwlrqv ehwzhhq surgxfhu/ zkrohvdoh dqg uhwdlo sulfhv
lq dowhuqdwlyh prghoolqj whfkqltxhv lqfuhdvhv wkh suhflvlrq ri wkhvh hvwlpdwhv1
Rxu uhvxowv lqglfdwh wkdw wkh hvwlpdwh ri wkh lpsdfw ri lpsruwv rq surgxfhu
sulfhv fdq eh qduurzhg wr �f�.H� e�Sb.2f*&} iru hyhu| 4333 wrqqhv lpsruwhg1
Wkh h�hfw ri lpsruwv rq surgxfhu sulfhv lv txlwh odujh/ uhodwlyh wr wkh h�hfw
ri grphvwlf surgxfwlrq rq surgxfhu sulfhv1 Rqh srvvleoh h{sodqdwlrq ri wklv
lv wkdw grphvwlf pdunhw lqwhuphgldulhv duh deoh wr edujdlq grzq grphvwlf
sulfhv wr wkh ohyho ri lpsruw sulfhv1

Wkhuh lv d txhvwlrq derxw zkhwkhu wkh lqwurgxfwlrq ri qhz lpsruw surwr0
frov diwhu Qryhpehu 4<<: kdyh kdg dq h�hfw rq surgxfhu sulfhv/ jlyhq wkdw
qr dfwxdo lpsruwv kdyh frph lq xqghu wkh qhz surwrfrov1 Wkdw lv/ lv wkh
wkuhdw ri lpsruwv udwkhu wkdq wkh dfwxdo uhdolvdwlrq ri lpsruwv wkh fdxvh ri
wkh ghfolqh lq surgxfhu sulfh diwhu Qryhpehu 4<<:B Rxu uhvxowv lqglfdwh wkdw
surgxfhu sulfhv kdyh ehhq vljql�fdqwo| d�hfwhg e| h{rjhqrxv hyhqwv rffxulqj
diwhu Qryhpehu 4<<: dqg wkdw wkh lqwurgxfwlrq ri qhz lpsruw surwrfrov pd|
kdyh vrphwklqj wr gr zlwk wklv1 Uhwdlo sulfhv kdyh dovr ehhq d�hfwhg e| wkh
qhz lpsruw surwrfrov/ exw qrw dv pxfk dv surgxfhu sulfhv/ rqo| ghfolqlqj e|
D�D� � ���.2f*&}1 Surgxfwlrq kdv dovr ehhq d�hfwhg e| wkh lqwurgxfwlrq ri
qhz lpsruw surwrfrov/ ghfolqlqj e| �.S2��� Se��.�SD wrqqhv1

Lq ghwhuplqlqj zkhwkhu lpsruwv kdyh kdg d vljql�fdqw h�hfw rq surgxfhu
sulfhv zh dovr orrnhg dw wkh srvvlelolw| wkdw fkdqjhv lq uhwdlo sulfhv duh gulylqj
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fkdqjhv lq surgxfhu sulfhv/ udwkhu wkdq lpsruwv1
Hfrqrplf wkhru| suhglfwv wkdw lq d shuihfwo| frpshwlwlyh pdunhw wkhuh

zloo eh ixoo sulfh wudqvplvvlrq ehwzhhq surgxfhu dqg uhwdlo sulfhv1 Rxu uhvxowv
vxjjhvw wkdw wkh slj lqgxvwu| lv qrw shuihfwo| frpshwlwlyh zkhq ylhzhg yhuwl0
fdoo|/ dowkrxjk wkhuh lv vwurqj hylghqfh lq wkh vshhg ri uhvsrqvhv ri surgxfhuv
wr h{whuqdo vkrfnv wkdw surgxfhuv duh dssurdfklqj shuihfw frpshwlwlrq1 Wkh
uhvxowv vxjjhvw wkdw lqfuhdvhv lq surgxfhu sulfhv zloo eh sdvvhg rq lq kljkhu
uhwdlo sulfhv/ exw kljkhu uhwdlo sulfhv zloo qrw eh sdvvhg rq dv kljkhu surgxfhu
sulfhv/ lqglfdwlyh ri dq dv|pphwulf sulfh wudqvplvvlrq phfkdqlvp vhhq lq slj
lqgxvwulhv lq pdq| rwkhu frxqwulhv1

Wkh uhvxowv lqglfdwh wkdw uhwdlo sulfhv kdyh qrw ehhq vxemhfwhg wr dq h{0
rjhqrxv vkrfn diwhu wkh �uvw txduwhu ri 4<<3 dqg wkdw wkh lqwurgxfwlrq ri
lpsruwv glg qrw kdyh d qhjdwlyh h�hfw rq uhwdlo sulfhv1 Wklv lpsolhv wkdw
wkh dvvxphg ehqh�wv ri wudgh olehudolvdwlrq/ uhvxowlqj iurp d uhgxfwlrq lq
frqvxphu sulfh dqg d frqfrplwdqw h{sdqvlrq ri wkh surgxfwlrq srvvlelolw|
iurqwlhu/ kdyh qrw rffxuuhg1 Wkh txhvwlrq lv wkhuhiruh zkhwkhu pdunhw lqwhu0
phgldulhv vxfk dv surfhvvruv/ zkrohvdohuv ru uhwdlohuv kdyh ehqh�whg wkurxjk
lqfuhdvhg pdunhwlqj pdujlqv dw wkh h{shqvh ri surgxfhuv dqg frqvxphuv1
Wkh vshhg ri dgmxvwphqw ri uhwdlo sulfhv wr fkdqjhv lq surgxfhu sulfhv lv yhu|
vorz/ lqglfdwlqj wkdw pdunhw srzhu/ lq whupv ri lqwhuwhpsrudo sulfh dyhudj0
lqj/ h{lvwv1 Zkhq forvh vxevwlwxwhv 0 vxfk dv ehhi/ fklfnhq dqg odpe 0 duh
wdnhq lqwr frqvlghudwlrq/ lw vhhpv wkdw uhwdlo sulfhv ri srun duh vhqvlwlyh wr
fkdqjhv lq wkrvh uhwdlo sulfhv/ vshfl�fdoo| fkdqjhv lq uhwdlo ehhi sulfhv1 Wkh
vshhg ri dgmxvwphqw ri wkh uhwdlo sulfh ri srun lv sduwlfxoduo| idvw zkhq uhwdlo
sulfhv ri ehhi duh wdnhq lqwr frqvlghudwlrq1 Wklv lpsolhv wkdw srun lv frp0
shwlwlyh zlwk ehhi dw wkh uhwdlo ohyho/ lqglfdwlqj krul}rqwdo exw qrw yhuwlfdo
frpshwlwlrq h{lvwv ehwzhhq wkhvh frpprglwlhv1

Prghoolqj uhvxowv uhyhdo wkdw wkh V|gqh| pdunhw zkrohvdoh sulfh iru srun
ohj vtxduh fxw +erqh0lq, kdv qrw ehhq vljql�fdqwo| d�hfwhg e| wkh lqwurgxf0
wlrq ri lpsruwv diwhu 4<<3 dqg wkh fkdqjh lq lpsruw surwrfrov diwhu Qryhpehu
4<<:1 Wkh srun ohj vtxduh fxw +erqh0lq, surgxfw lv qrw gluhfwo| frpsdudeoh
zlwk lpsruwv/ zklfk duh erqh0rxw dqg zkrohvdoh sulfhv ri erqh0rxw surgxfwv
duh pruh olnho| ghwhuplqdwhv ri fkdqjhv dw wkh vdph ohyho ri wkh pdunhwlqj
fkdlq1

Xvlqj gdwd rewdlqhg iurp Gduolqj Grzqv Edfrq +GGE,/ zh duh deoh wr
vkrz wkdw sulfhv iru GGE surgxfw olqhv duh vljql�fdqwo| d�hfwhg e| fkdqjhv
lq sulfhv ri rwkhu surgxfwv dw wkh vdph surfhvvlqj vwdjh1 GGE surgxfw
olqhv kdyh ehhq vljql�fdqwo| d�hfwhg e| lpsruwv/ zlwk dv0olnh surgxfwv/ vxfk
dv Fkdpsdjqh Kdp +erqh0rxw, dqg Surfhvvhg Vkrxoghu Kdp/ uhjlvwhulqj
ghfolqhv lq sulfhv ri mf�.f�b� f��H��*&} dqg mf�2Sb2� f��feb*&} iru hyhu|
4333 wrqqhv ri lpsruwv uhvshfwlyho|1
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Lq dgglwlrq/ pdunhw frqglwlrqv diwhu wkh Qryhpehu 4<<: lpsruw surwrfro
fkdqjhv kdyh uhvxowhg lq Fkdpsdjqh Kdp sulfhv gursslqj e| m��2.22 �
f��2Df�*&}�

Rqh ri wkh frqwhqwlrqv e| wkh Jryhuqphqw ^9`/^:` dqg DEDUH ^6` lv wkdw
lqfuhdvhv lq surgxfwlrq dqg fkdqjhv lq frqvxpswlrq sdwwhuqv ohdglqj wr dq
ryhuvxsso| ri sljphdw lv wkh sulpdu| fdxvh ri wkh idoo lq surgxfhu sulfhv1

Zh vkrz wkdw wkh lqfuhdvh lq surgxfwlrq/ dv fodlphg e| DEDUH ^6`/ rqo|
uhihuv wr wkh shulrg ehwzhhq 4<<8 dqg 4<<;/ d wlph zkhq surgxfwlrq zdv lq
idfw ehorz klvwrulfdo sdwwhuqv1 Prghoolqj zrun lqglfdwhv wkdw wkhuh kdv ehhq
d fkdqjh lq wkh xqghuo|lqj vxsso| uhvsrqvh ri wkh grphvwlf slj lqgxvwu|
dqg wkdw surgxfwlrq lv lq idfw vljql�fdqwo| ehorz wkdw zklfk lv suhglfwhg
xqghu klvwrulfdo sdwwhuqv1 Hyhu| fhqw lqfuhdvh lq wkh surgxfhu sulfh gursv
grphvwlf surgxfwlrq e| durxqg 93 wr 433 wrqqhv zkloh hyhu| fhqw lqfuhdvh
lq vdoh|dug ehhi sulfhv lqfuhdvhv grphvwlf surgxfwlrq e| ehwzhhq 93 dqg
<3 wrqqhv1 Lpsruwv ri sljphdw kdyh d vljql�fdqw h�hfw rq surgxfwlrq zlwk
hyhu| nj ri lpsruwhg surgxfw gursslqj grphvwlf surgxfwlrq e| durxqg :
njv1 Frpelqhg zlwk uhvxowv lqglfdwlqj wkdw lpsruw yroxphv dqg sulfhv kdyh
gulyhq surgxfhu sulfhv grzq/ wkh lpsolfdwlrq lv wkdw lpsruwv duh furzglqj rxw
grphvwlf surgxfwlrq/ lpsruw sulfhv duh gulylqj surgxfhu sulfhv grzq/ dqg wkh
frqfrplwdqw ghsuhvvlrq lq surgxfhu sulfh kdv gulyhq surgxfwlrq grzq hyhq
ixuwkhu1 Lq whupv ri zkhwkhu d shuvlvwhqw ryhuvxsso| lq surgxfwlrq kdv ehhq
wkh fdxvh ri orz surgxfhu sulfhv/ prghoolqj zrun lqglfdwhv wkdw surgxfhuv
uhvsrqg txlfno| wr pdunhw vljqdov dqg dq| ryhuvxsso| lq grphvwlf sljphdw lv
fohduhg/ wr doo lqwhqwv dqg sxusrvhv/ zlwklq wkuhh prqwkv1 Ghfolqhv lq sljphdw
frqvxpswlrq kdyh qrw uhvxowhg lq dq ryhuvxsso| ri sljphdw lq wkh grphvwlf
pdunhw ehfdxvh surgxfwlrq kdv iroorzhg fkdqjhv lq frqvxpswlrq1

Wkh lqwurgxfwlrq ri qhz lpsruw surwrfrov diwhu Qryhpehu 4<<: vljqli0
lfdqwo| ghfuhdvhv prqwko| sljphdw surgxfwlrq e| �.S2�� � Se��.2 wrqqhv1
Lqgxvwu| vrxufhv lqglfdwh wkdw txrwd olplwv rq frqwudfw vdohv wr dedwwrluv
kdyh ehhq vwulfwo| hqirufhg gxulqj 4<<; lq dq h�ruw wr uhvwulfw vxsso| dqg
wklv frxog eh d srvvleoh h{sodqdwlrq iru ghfolqhv lq vodxjkwhulqjv1

DEDUH kdv frqgxfwhg vlpxodwlrqv xvlqj odujh vfdoh vlpxowdqhrxv htxd0
wlrq hfrqrphwulf prghov wr suhglfw fkdqjhv lq vxsso| dqg ghpdqg uhodwlrq0
vklsv ryhu wlph1 Xvlqj HPDED/ DEDUH ^4/ 6` irxqg wkdw revhuyhg fkdqjhv
lq sulfhv dqg surgxfwlrq duh gxh wr qrupdo vhdvrqdo h�hfwv1 Wkhuh dsshduv wr
eh d glyhujhqfh ehwzhhq zkdw wkh wlph vhulhv zrun uhyhdov dqg wkh xqghuo|lqj
dvvxpswlrqv ri HPDED1

HPDED dvvxphv wkdw yduldeohv duh vwdwlrqdu| 0 wkdw wkhuh lv d orqj0whup
wuhqg wr zklfk vxsso| dqg ghpdqg lqglfdwruv zloo uhwxuq diwhu d vkrfn wr wkh
v|vwhp lv lpsrvhg1 Wkh vlpxodwlrqv frqgxfwhg rqo| dsso| d whpsrudu| +ru
sxovh, vkrfn wr wkh prgho1 Lw lv qrw vxusulvlqj/ wkhuhiruh/ wkdw wkh HPDED
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vlpxodwlrqv vxjjhvw wkdw diwhu d whpsrudu| vkrfn wkh v|vwhp uhwxuqv wr lwv
orqj0uxq wuhqg1 Krzhyhu/ wkh olwhudwxuh4 vxjjhvwv wkdw d sxovh h�hfw lpsrvhg
rq d qrq0vwdwlrqdu| vhulhv zloo kdyh d vkliw h�hfw lqvwhdg1 Lq dq| fdvh/ xqolnh
wkh HPDED vlpxodwlrqv/ rxu frqwhqwlrq lv wkdw wkh lqwurgxfwlrq ri lpsruwv
kdyh kdg d vkliw h�hfw/ udwkhu wkdq d sxovh h�hfw1

Wkh hfrqrphwulf wlph vhulhv zrun lq wkh DEDUH uhsruw ^4` lqglfdwhv
wkdw wkh xqghuo|lqj dvvxpswlrq ri HPDED/ wkdw wkh vhulhv duh vwdwlrqdu|/ lv
ylrodwhg dqg vr wkhuh lv qr orqj0uxq htxloleulxp wr uhwxuq wr1

Wklv uhsruw fruuhfwv iru wklv ylrodwlrq/ dqg xvhv d vlpxodwlrq prgho zklfk
grhv qrw suhvxssrvh vwdwlrqdu| wlph vhulhv1 Zh xwlolvh yhfwru dxwruhjuhvvlrq
+YDU, dqg yhfwru huuru fruuhfwlrq +YHF, whfkqltxhv wr ghyhors dq dowhuqd0
wlyh wr HPDED/ wr h{dplqh wkh g|qdplf lqwhu0uhodwlrqvklsv ri sulfhv dqg
surgxfwlrq lq wkh Dxvwudoldq slj lqgxvwu|1

Fdxvdolw| whvwv vxssruw wkh frqwhqwlrq wkdw lpsruw yroxphv dqg sulfhv
kdyh dq h�hfw rq grphvwlf surgxfwlrq dqg rq wkh g|qdplfv ri wkh lqgxvwu|
pdunhw htxloleulxp1 Wkh whvwv dovr vxssruw wkh jhqhudoo| dffhswhg ylhz wkdw
vdoh|dug fdwwoh sulfhv dqg sljphdw surgxfwlrq kdyh dq h�hfw rq vdoh|dug
sulfhv iru edfrqhuv dqg rq uhwdlo sulfhv iru srun1

Rqh ri wkh sureohpv zlwk wkh vwdqgdug prgho ri lqwhuqdwlrqdo wudgh lv
wkdw lw dvvxphv idfwru prelolw| dfurvv vhfwruv dqg d shuihfwo| frpshwlwlyh
rxwfrph xqghu wudgh olehudolvdwlrq/ ohqglqj lwvhoi qdwxudoo| wr wkh frqfoxvlrq
wkdw olehudolvdwlrq lv suhihudeoh wr dq| w|sh ri lpshuihfw frpshwlwlrq1 Li
idfwruv duh vshfl�f wr dq lqgxvwu|/ hvshfldoo| lq wkh vkruw0uxq/ wkhq jdlqv
wr wudgh pd| qrw eh uhdolvhg1 Lq dgglwlrq/ li wkh lqvwlwxwlrqdo iudphzrun
ri wkh lqgxvwu| lv vxfk wkdw wkhuh lv d pdunhwlqj fkdlq/ zklfk lv lpshuihfwo|
frpshwlwlyh dw hdfk vwdjh/ wkhq uhirup ri rqh sduwlfxodu olqn rq wkh pdunhwlqj
fkdlq zlwkrxw uhihuhqfh wr wkh rwkhuv zloo uhvxow lq d vlwxdwlrq zkhuh wkh
uhirup pd| dfwxdoo| uhgxfh frpshwlwlrq lq wkh lqgxvwu| dv d zkroh1 Lq vxfk
d vlwxdwlrq/ lw lv ghvludeoh wkdw dqdo|vlv eh fduulhg rxw wr hvwlpdwh wkh uhdo
zhoiduh jdlqv +orvvhv, fdswxuhg e| wkh hfrqrp|1 Li uhirup ri dq lqgxvwu| ohdgv
wr dq roljrsrolvwlf rxwfrph gxh wr hfrqrplhv ri vfdoh dqg vfrsh/ iru lqvwdqfh/
wkh txhvwlrq qhhgv wr eh dvnhg zkhwkhu jryhuqphqw lqwhuyhqwlrq lv qhhghg
wr frxqwhudfw pdunhw lpshuihfwlrqv1

Zlwk uhihuhqfh wr wkh slj lqgxvwu|/ frqvxphuv gr qrw vhhp wr eh ehqh�w0
wlqj iurp wudgh uhirup zkloh surgxfhuv duh vhhlqj erwk sulfhv dqg surgxfwlrq
+dqg wkhuhiruh uhyhqxh, ghfolqh zlwk wkh ehqh�wv ri wudgh uhirup vhhplqj wr
eh fdswxuhg e| wkh lqfuhdvhg pdunhwlqj pdujlq1 Lq vlwxdwlrqv zkhuh wkhuh h{0
lvwv lpshuihfwo| frpshwlwlyh lqvwlwxwlrqdo vwuxfwxuhv lq dq lqgxvwu|/ iru h{dp0
soh plggohphq zlwk prqrsro|2prqrsvrq| ru roljrsro|2roljrsvrq| srzhuv/

4Shuurq ^9</ :3` dqg Shuurq dqg Yrjhovdqj ^:4`
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lw fdq eh vkrzq wkdw frxqwhuydlolqj srzhuv dfwxdoo| lqfuhdvh erwk surgxfhu
dqg frqvxphu zhoiduh1

Idfhg zlwk wkh rswlrqv ri lpsrvlqj d txrwd/ wdul�/ ru d vxevlg| +lqfoxglqj
d oxps0vxp frpshqvdwlrq, hfrqrplf wkhru| vkrzv wkdw d vxevlg| lv ohvv
glvwruwlqj wkdq d wdul�/ zklfk lv ohvv glvwruwlqj wkdq d txrwd1 Zh dujxh
wkdw li wkh srolwlfdo hfrqrp| lv vxfk wkdw oxps0vxp frpshqvdwlrq lv qrw
ihdvleoh wkhq xqghu fhuwdlq frqglwlrqv d txrwd lv suhihudeoh wr d wdul�/ ehfdxvh
wkh lqvwlwxwlrqdo vwuxfwxuh ri wkh grphvwlf lqgxvwu| lv vxfk wkdw d fdsdflw|
frqvwudlqw rq lpsruwv zloo eh wkh prvw h�hfwlyh phwkrg ri udlvlqj surgxfhu
sulfhv1 Rqh ri wkh frqglwlrqv lv wkdw lqfuhdvhv lq surgxfhu sulfhv zloo qrw eh
ixoo| sdvvhg rq dv lqfuhdvhv lq uhwdlo sulfhv/ ehfdxvh frqvxphu zhoiduh orvv lv
rqh ri wkh sulph dujxphqwv iru qrw lpsrvlqj d txrwd1

Li wdul�v duh lpsrvhg lq suhihuhqfh wr txrwdv wkhq wkh lpsrvlwlrq ri d '2nj
wdul� zloo uhvxow lq wkh vdph ohyho ri surwhfwlrq dv d txrwd1 Li wdul� uhyhqxh lv
gluhfwhg wrzdugv grphvwlf surgxfhu frpshqvdwlrq wkhq ghfolqhv lq grphvwlf
pdunhw vkduh zloo eh ixqghg e| h{sruwhuv1
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Eleolrjudsk|

^4` DEDUH1 4<<81 Wkh lpsdfw ri lpsruwv rq wkh Dxvwudoldq slj lqgxvwu|=
Dq DEDUH vxeplvvlrq wr wkh Lqgxvwu| Frpplvvlrq Uhvhdufk Lqtxlu| rq
wkh Dxvwudoldq slj dqg sljphdw lqgxvwulhv1 Fdqehuud= Dxvwudoldq Exuhdx
ri Djulfxowxudo dqg Uhvrxufh Hfrqrplfv1

^5` DEDUH1 ydulrxv lvvxhv1 Frpprglw| Vwdwlvwlfdo Exoohwlq1 Fdqehuud= Dxv0
wudoldq Exuhdx ri Djulfxowxudo dqg Uhvrxufh Hfrqrplfv1

^6` DEDUH1 4<<;1 Lqwhulp uhsruw rq wkh fxuuhqw vlwxdwlrq lq wkh slj lq0
gxvwu|= Eulh�qj qrwh wr Uxudo Dgmxvwphqw Vfkhph Dgylvru| Frxqflo1
+Pd| 4<<;, Fdqehuud= Dxvwudoldq Exuhdx ri Djulfxowxudo dqg Uhvrxufh
Hfrqrplfv1

^7` Dxvwudoldq Exuhdx ri Vwdwlvwlfv1 ydulrxv lvvxhv1 DEV :54813 Djulfxowxudo
Vwdwlvwlfv1 Fdqehuud= DEV1

^8` Dndlnh/ K1 4<:31 Vwdwlvwlfdo suhglfwru lghqwl�fdwlrq1 Dqqdov ri wkh Lqvwl0
wxwh ri Vwdwlvwlfdo Pdwkhpdwlfv 55=53604:1

^9` Dqghuvrq/ M1 4<<;1 R*Nhhih uhyhdov k|srfulv| rq slj lqgxvwu|= Phgld
Uhohdvh/ Ihghudo Plqlvwhu iru Sulpdu| Lqgxvwulhv dqg Hqhuj|/ Pu1 Mrkq
Dqghuvrq1 Fdqehuud= Ghsduwphqw ri Sulpdu| Lqgxvwulhv dqg Hqhuj| +44
Mxqh 4<<;,1

^:` Dqghuvrq/ M1 dqg W1 Ilvkhu1 4<<;1 Jryhuqphqw dqqrxqfhv slj lqgxvwu|
dvvlvwdqfh= Mrlqw Vwdwhphqw/ Ihghudo Plqlvwhu iru Sulpdu| Lqgxvwulhv
dqg Hqhuj|/ Pu1 Mrkq Dqghuvrq dqg Ghsxw| Sulph Plqlvwhu dqg Plqlv0
whu iru Wudgh/ Wlp Ilvkhu1 Fdqehuud= Ghsduwphqw ri Sulpdu| Lqgxvwulhv
dqg Hqhuj| +43 Mxqh 4<<;,1

^;` Dxvwudoldq Srun Frusrudwlrq1 ydulrxv lvvxhv1 SljVwdwv/ Dxvwudoldq Slj
Lqgxvwu| Kdqgerrn1 V|gqh|= Dxvwudoldq Srun Frusrudwlrq

^<` Dxvwudoldq Slj Lqgxvwu| Srolf| Frxqflo1 4<<41 Dqqxdo Uhsruw 4<<304<<41
Dxvwudoldq Jryhuqphqw Sulqwlqj Vhuylfh= Fdqehuud1
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^43` Dxvwudoldq Slj Lqgxvwu| Srolf| Frxqflo1 4<<51 Dqqxdo Uhsruw 4<<404<<51
Dxvwudoldq Jryhuqphqw Sulqwlqj Vhuylfh= Fdqehuud1

^44` Dxvwudoldq Slj Lqgxvwu| Srolf| Frxqflo1 4<<61 Dqqxdo Uhsruw 4<<504<<61
Dxvwudoldq Jryhuqphqw Sulqwlqj Vhuylfh= Fdqehuud1

^45` Dxvwudoldq Slj Lqgxvwu| Srolf| Frxqflo1 4<<61 Ilqdo Uhsruw 4<<604<<71
Dxvwudoldq Jryhuqphqw Sulqwlqj Vhuylfh= Fdqehuud1

^46` Dxvwlq/ S1 4<<;1 Wudgh uhirup lv luuhyhuvleoh1 Txhhqvodqg Frxqwu| Olih1
+< Dsulo 4<<;, =481

^47` Edqhumhh/ D1/ M1 Grodgr/ M1Z1 Jdoeudlwk dqg G1I1 Khqgu|1 4<<61
Fr0lqwhjudwlrq/ huuru0fruuhfwlrq/ dqg wkh hfrqrphwulf dqdo|vlv ri qrq0
vwdwlrqdu| gdwd1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

^48` Edvx/ N1 4<<61 Ohfwxuhv lq lqgxvwuldo rujdqlvdwlrq wkhru|1R{irug= Eodfn0
zhoo1

^49` Eodqn/ V1F1 dqg E1K1 Vfkplhvlqj1 4<<31 Zklpvlfdo djjuhjdwlrq ri whp0
srudo gdwd/ pdunhw lghqwl�fdwlrq/ dqg iudjloh uhvxowv1 Djulexvlqhvv 9=660
731

^4:` Euloolqjhu/ G1 4<:81 Wlph vhulhv1 Qhz \run= Krow/ Ulqhkduw/ Zlqvwrq1

^4;` Exuhdx ri Djulfxowxudo Hfrqrplfv1 4<:51 Slj udlvlqj lq Dxvwudold1 Fdq0
ehuud= Exuhdx ri Djulfxowxudo Hfrqrplfv1

^4<` Fkduhp}d/ Z1 Z1/ dqg G1 I1 Ghdgpdq1 4<<51 Qhz gluhfwlrqv lq hfrqr0
phwulf sudfwlfh= jhqhudo wr vshfl�f prghoolqj/ frlqwhjudwlrq dqg yhfwru
dxwruhjuhvvlrq1 4vw hg1 Fkhowhqkdp/ XN= Hgzdug Hojdu1

^53` Fkduhp}d/ Z1 Z1/ dqg G1 I1 Ghdgpdq1 4<<:1 Qhz gluhfwlrqv lq hfrqr0
phwulf sudfwlfh= jhqhudo wr vshfl�f prghoolqj/ frlqwhjudwlrq dqg yhfwru
dxwruhjuhvvlrq1 5qg hg1 Fkhowhqkdp/ XN= Hgzdug Hojdu1

^54` Fkrz/ J1F1 4<931 Whvwv ri htxdolw| ehwzhhq vhwv ri frh!flhqwv lq wzr
olqhdu uhjuhvvlrqv1 Hfrqrphwulfd1 5;=8<409381

^55` Frroh|/ W1I1/ dqg V1I1 OhUr|1 4<;81 Dwkhruhwlfdo pdfurhfrqrplfv= D
fulwltxh1 Mrxuqdo ri Prqhwdu| Hfrqrplfv1 49=5;6063;1

^56` Frughq/ Z1P1 4<<:1 Wudgh srolf| dqg hfrqrplf zhoiduh1 5qg hg1 Qhz
\run= R{irug Xqlyhuvlw| Suhvv1
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^57` yrq Fudprq0Wdxedgho/ V1/ M10S1 Or|/ dqg H1 Pxvihogw1 4<<81 Hp0
slulvfkh Phwkrghq }xu Dqdo|vh gh Pdunwlqwhjudwlrq dp Ehlvslho ghv
HX0Vfkzhlqh hlvfkpdunwhv1 Vfkuliwhq ghu Jhvhoovfkdiw i u Zluwvfkdiwv0
xqg Vr}ldozlvvhqvfkdiwhq ghv Odqgedxhv 64=44<046:1

^58` yrq Fudprq0Wdxedgho/ V1 4<<;1 Hvwlpdwlqj dv|pphwulf sulfh0
wudqvplvvlrq zlwk wkh huuru fruuhfwlrq uhsuhvhqwdwlrq= Dq dssolfdwlrq wr
wkh Jhupdq srun pdunhw1 Hxurshdq Uhylhz ri Djulfxowxudo Hfrqrplfv1
58=404;1

^59` Furvv/ U1J1 4<<;1 Uhyhqxh pdqdjhphqw= Kdug0fruh wdfwlfv iru sur�w0
pdnlqj dqg pdunhw grplqdwlrq1 Orqgrq= Rulrq Exvlqhvv Errnv1

^5:` Fu|hu/ M1G1/ 4<;91 Wlph vhulhv dqdo|vlv1 Ervwrq= Gx{exu| Suhvv1

^5;` Gduolqj Grzqv Edfrq1 4<<;1 Shuvrqdo Frppxqlfdwlrq1

^5<` Gdylgvrq/ U1/ G1 K1 Khqgu|/ I1 Vued/ dqg V1 \hr1 4<:;1 Hfrqrphwulf
prghoolqj ri wkh djjuhjdwh wlph0vhulhv uhodwlrqvkls ehwzhhq frqvxphuv*
h{shqglwxuh dqg lqfrph lq wkh Xqlwhg Nlqjgrp1 Hfrqrplf Mrxuqdo ;;
+Ghfhpehu,=9940<51

^63` Gdylgvrq/ U1/ dqg M1J1 Pdfnlqqrq1 4<<61 Hvwlpdwlrq dqg lqihuhqfh lq
hfrqrphwulfv1 Qhz \run= R{irug Xqlyhuvlw| Suhvv

^64` Ghzeuh/ M1/ L1 Vkdz/ J1 Fruud/ G1 Kduulv1 4<;81 HPDED= Hfrqrphwulf
Prgho ri Dxvwudoldq Eurdgdfuh Djulfxowxuh1 Fdqehuud= Exuhdx ri Djul0
fxowxudo Hfrqrplfv1

^65` Glfnh|/ G1 D1/ dqg Z1 D1 Ixoohu1 4<:<1 Glvwulexwlrqv ri wkh hvwlpdwruv
iru dxwruhjuhvvlyh wlph vhulhv zlwk d xqlw urrw1 Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq1 :7=75:07641

^66` Glfnh|/ G1 D1/ dqg Z1 D1 Ixoohu1 4<;41 Olnholkrrg Udwlr vwdwlvwlfv iru
dxwruhjuhvvlyh wlph vhulhv zlwk d xqlw urrw1 Hfrqrphwulfd 7< +7,=438:0
:51

^67` Glfnh|/ G1 D1/ G1S1 Kdv}d dqg Z1 D1 Ixoohu1 4<;71 Whvwlqj iru xqlw urrwv
lq vhdvrqdo wlph vhulhv1 Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq
:<=688069:1

^68` Glfnh|/ G1D1 dqg V1V1 Sdqwxod1 4<;:1 Ghwhuplqlqj wkh rughu ri gl�hu0
hqflqj lq dxwruhjuhvvlyh surfhvvhv1 Mrxuqdo ri Exvlqhvv dqg Vwdwlvwlfv
8=78807941
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^69` Grdq/ W1D1 4<<3 Uhjuhvvlrq Dqdo|vlv iru Wlph Vhulhv= UDWV yhu 6143
xvhu*v pdqxdo1 Loolqrlv= YDU Hfrqrphwulfv1

^6:` Hqjoh/ U1 I1/ dqg F1 Z1 M1 Judqjhu1 4<;:1 Fr0lqwhjudwlrq dqg huuru fru0
uhfwlrq= Uhsuhvhqwdwlrq/ hvwlpdwlrq dqg whvwlqj1 Hfrqrphwulfd 88=5840
:91

^6;` Ihujxvrq/ M1 4<<;1 Djulfxowxuh= D fdvh vwxg| lq lqgxvwuldo uhodwlrqv uh0
irup1 75qg Dqqxdo Frqihuhqfh ri wkh Dxvwudoldq Djulfxowxudo dqg Uh0
vrxufh Hfrqrplfv Vrflhw|1 4<054 Mdqxdu| 4<<;1 Duplgdoh= Xqlyhuvlw| ri
Qhz Hqjodqg1

^6<` JDWW1 4<<71 Jhqhudo Djuhhphqw rq Wdul�v dqg Wudgh= Xuxjxd| Urxqg
ri Pxowlodwhudo Wudgh Qhjrwldwlrqv1 Ilqdo Dfw 48 Ghfhpehu 4<<61Jhqhyd=
JDWW Vhfuhwduldw1

^73` Jrugrq/ U1M1/ dqg V1U1 Nlqj1 4<;51 Wkh rxwsxw frvw ri glvlq dwlrq lq
wudglwlrqdo dqg yhfwru dxwruhjuhvvlyh prghov1 Eurrnlqjv Sdshuv rq Hfr0
qrplf Dfwlylw| 4+4<;5,=53805771

^74` Judqjhu/ F1 Z1 M1 4<9<1 Lqyhvwljdwlqj fdxvdo uhodwlrqvklsv e| hfrqrphw0
ulf prghov dqg furvv0vshfwudo phwkrgv1 Hfrqrphwulfd 6:=570691

^75` Judqjhu/ F1 Z1 M1/ dqg S1 Qhzerog1 4<::d1 Iruhfdvwlqj hfrqrplf wlph
vhulhv1 Qhz \run= Dfdghplf Suhvv1

^76` Judqjhu/ F1 Z1 M1/ dqg S1 Qhzerog1 4<::e1 Wkh wlph vhulhv dssurdfk
wr hfrqrphwulf prgho exloglqj1 Lq Qhz Phwkrgv lq Exvlqhvv F|foh Uh0
vhdufk= Surfhhglqjv iurp d Frqihuhqfh/ hg1 Ihghudo Uhvhuyh Edqn ri
Plqqhdsrolv/ 90541 Plqqhdsrolv= Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv1
Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv> Plqqhdsrolv> Q1

^77` Judqjhu/ F1Z1M1 dqg W10K1 Ohh1 4<;<1 Lqyhvwljdwlrq ri surgxfwlrq/ vdohv
dqg lqyhqwru| uhodwlrqvklsv xvlqj pxowlfrlqwhjudwlrq dqg qrq0v|pphwulf
huuru fruuhfwlrq prghov1 Mrxuqdo ri Dssolhg Hfrqrphwulfv 7=V4780V48<1

^78` Jul!wk/ J1 4<<81 D fdxvdolw| dqdo|vlv ri wkh lpsdfw ri Fdqdgldq srun
lpsruwv rq Qhz Vrxwk Zdohv slj sulfhv1 Lqgxvwu| Frpplvvlrq Uhvhdufk
Uhsruw rq wkh Dxvwudoldq Sljphdw Lqgxvwu|1 Vxeplvvlrq 59/ dsshqgl{ 51

^79` Jul!wk/ J1U1 4<::1 D qrwh rq wkh slj f|foh lq Dxvwudold1 Dxvwudoldq
Mrxuqdo ri Djulfxowxudo Hfrqrplfv1 54=463046<1

^7:` Kdkq/ Z1I1 4<<31 Sulfh wudqvplvvlrq dv|pphwu| lq srun dqg ehhi pdu0
nhwv1 Wkh Mrxuqdo ri Djulfxowxudo Hfrqrplf Uhvhdufk1 75=540631
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^7;` Kdkq/ Z1I1 dqg O1D1 Gxhzhu1 4<<41 Dq hydoxdwlrq ri idup wr uhwdlo
sulfh vsuhdgv iru srun lq 4<<31 Sdshu suhvhqwhg dw wkh 4<<4 Dphulfdq
Djulfxowxudo Hfrqrplfv Dvvrfldwlrq 70: Dxjxvw 4<<4/ Pdqkdwwdq/ NV1

^7<` Kdplowrq/ M1G1 4<<71 Wlph vhulhv dqdo|vlv1 Sulqfhwrq= Sulqfhwrq Xql0
yhuvlw| Suhvv1

^83` Kdqqdq/ H1M1 dqg E1J1 Txlqq1 4<:<1 Wkh ghwhuplqdwlrq ri wkh rughu ri
dq dxwruhjuhvvlrq1 Mrxuqdo ri Ur|do Vwdwlvwlfdo Vrflhw| E1 74=4<304<81

^84` K|oohehuj/ V1/ U1I1 Hqjoh/ F1Z1M1 Judqjhu dqg E1V1 \rr1 4<<31 Vhdvrqdo
lqwhjudwlrq dqg frlqwhjudwlrq1 Mrxuqdo ri Hfrqrphwulfv 77=548056;1

^85` K|gh/ F1H1 dqg M1P1 Shuor�1 4<<:1 Pxowlpdunhw pdunhw srzhu hvwlpd0
wlrq= Wkh Dxvwudoldq uhwdlo phdw vhfwru1 Sdshu suhvhqwhg dw wkh e�r|

Dxvwudoldq Djulfxowxudo dqg Uhvrxufh Hfrqrplfv Vrflhw| Frqihuhqfh/
Jrog Frdvw 53058 Mdqxdu| 4<<:1

^86` Lqgxvwu| Frpplvvlrq1 4<<81 Lqgxvwu| Frpplvvlrq uhvhdufk surmhfw= Sljv
dqg sljphdw1 Fdqehuud= Dxvwudoldq Jryhuqphqw Sulqwlqj Vhuylfh1

^87` Mrkdqvhq/ V1 4<;;1 Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq yhfwruv1 Mrxuqdo
ri Hfrqrplf G|qdplfv dqg Frqwuro 45=56405871

^88` Mrkdqvhq/ V1 4<<81 Olnholkrrg0edvhg lqihuhqfh lq frlqwhjudwhg Yhfwru Dx0
wruhjuhvvlyh prghov1 R{irug Xqlyhuvlw| Suhvv1

^89` Mrkqvwrq/ M1 4<;71 Hfrqrphwulf phwkrgv1 +6ug Hg1, Vlqjdsruh= PfJudz0
Kloo1

^8:` Mxgjh/ J1J1/ Z1H1 Jul!wkv/ U1F1 Kloo/ K1 O wnhskro dqg W1F1 Ohh1
4<;81 Wkh wkhru| dqg sudfwlfh ri hfrqrphwulfv1 +5qg Hg1, Qhz \run=
Mrkq Zloh| dqg Vrqv1

^8;` Nduxqdudwqh/ Q1G1 4<<51 Jurzwk dqg wudgh olehudolvdwlrq ghedwh lq Dxv0
wudold= D YDU dqdo|vlv1 Xqlyhuvlw| ri Txhhqvodqg Ghsduwphqw ri Hfr0
qrplfv Glvfxvvlrq Sdshu 4331

^8<` Nuxjpdq/ S1U1/ dqgP1 Revwihog1 4<<71 Lqwhuqdwlrqdo hfrqrplfv= Wkhru|
dqg srolf|1 6ug Hg1 Qhz \run= Kdushu Froolqv1

^93` Olx/ W1F1 4<931 Xqghulghqwl�fdwlrq/ vwuxfwxudo hvwlpdwlrq/ dqg iruhfdvw0
lqj1 Hfrqrphwulfd 5;=;880;981
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^94` Pdv0Frooho/ D1/ P1 G1 Zklqvwrq/ dqg M1 U1 Juhhq1 4<<81 Plfurhfrqrplf
wkhru|1 Qhz \run= R{irug Xqlyhuvlw| Suhvv1

^95` Prxolv/ G1 4<<;1 Lq wkh Surgxfwlylw| Frpplvvlrq lqtxlu| lqwr slj dqg
sljphdw lqgxvwulhv= Sxeolf khdulqj vxeplvvlrq ri wkh Fdqdgldq Phdw
Frxqflo dqg wkh Fdqdgldq Srun Frxqflo1Fdqehuud= Iuhhkloo/ Kroolqjgdoh
dqg Sdjh/ Vrolflwruv1

^96` P|huv/ U1M1/ U1U1 Sljjrww/ dqg Z1J1 Wrphn1 4<<31 Hvwlpdwlqj vrxufhv
ri  xfwxdwlrqv lq wkh Dxvwudoldq zrro pdunhw= Dq dssolfdwlrq ri YDU
phwkrgv1 Dxvwudoldq Mrxuqdo ri Djulfxowxudo Hfrqrplfv 67=601

^97` Qdwlrqdo Srun Lqgxvwu| Ghyhorsphqw Surjudp1 4<<;1 Ghvfulswlrq dqg
surjudp jxlgholqhv1 Fdqehuud= Ghsduwphqw ri Sulpdu| Lqgxvwulhv dqg
Hqhuj|1

^98` Qj/ V1 dqg S1 Shuurq1 4<<81 Xqlw Urrw whvwv lq DUPD Prghov zlwk
gdwd0ghshqghqw phwkrgv iru vhohfwlrq ri wkh wuxqfdwlrq odj1 Mrxuqdo ri
wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq1

^99` Qrupdq/ E1 dqg H1 Jrggdug1 4<<;1 Zhoiduh h�hfwv ri pdunhw uhjxodwlrq
zlwk dq lpshuihfwo| frpshwlwlyh surfhvvlqj vhfwru1 Sdshu suhvhqwhg dw wkh
e2?_ Dxvwudoldq Djulfxowxudo dqg Uhvrxufh Hfrqrplfv Vrflhw| Frqihu0
hqfh/ Duplgdoh/ 4<054 Mdqxdu| 4<<;1

^9:` Rveruq/ G1U1/ D1S1O1 Fkxl/ M1S1 Vplwk dqg F1U1 Elufkhqkdoo1 4<;;1 Vhd0
vrqdolw| dqg wkh rughu ri lqwhjudwlrq iru frqvxpswlrq1 R{irug Exoohwlq
ri Hfrqrplfv dqg Vwdwlvwlfv1 83=69406::1

^9;` Rveruq/ G1U1/ dqg S1P1P1 Urguljxhv1 4<<;1 Wkh dv|pswrwlf glvwulex0
wlrqv ri vhdvrqdo xqlw urrw whvwv= D xqli|lqj dssurdfk1 Plphr1 Vfkrro ri
Hfrqrplf Vwxglhv/ Xqlyhuvlw| ri Pdqfkhvwhu1

^9<` Shuurq/ S1 4<;<1 Wkh Juhdw Fudvk/ wkh Rlo Vkrfn dqg wkh xqlw urrw
k|srwkhvlv1 Hfrqrphwulfd/ 8:=4694047351

^:3` Shuurq/ S1 4<<31 Whvwlqj iru d xqlw urrw lq d wlph vhulhv zlwk d fkdqjlqj
phdq1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv1 ;=48604951

^:4` Shuurq/ S1 dqg W1M1 Yrjhovdqj1 4<<51 Whvwlqj iru d xqlw urrw lq d wlph
vhulhv zlwk d fkdqjlqj phdq= fruuhfwlrqv dqg h{whqvlrqv1 Mrxuqdo ri
Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv1 43=79:07:31
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^:5` Shvdudq/ P1K1 dqg \1 Vklq1 4<<:1 Jhqhudolvhg lpsxovh uhvsrqvh dqdo|0
vlv lq olqhdu pxowlyduldwh prghov1 +Xqsxeolvkhg pdqxvflsw,1 Fdpeulgjh
Xqlyhuvlw| +kwws=22zzz1hfrq1fdp1df1xn2idfxow|2shvdudq2sxeolf1kwp,

^:6` Skloolsv/ S1F1E1/ dqg S1 Shuurq1 4<;;1 Whvwlqj iru d xqlw urrw lq wlph
vhulhv uhjuhvvlrq1 Elrphwulnd/ :8=66806791

^:7` Slqg|fn/ U1 V1/ dqg G1 O1 Uxelqihog1 4<<41 Hfrqrphwulf prghov dqg
hfrqrplf iruhfdvwv1 6ug hg1 Qhz \run= PfJudz0Kloo1

^:8` Srun Frxqflo ri Dxvwudold1 4<<;1 Vhfxulqj wkh ixwxuh ri wkh Dxvwudoldq
srun lqgxvwu|= Vxeplvvlrq wr wkh Uxudo Dgmxvwphqw Vfkhph Dgylvru|
Frxqflo iru H{fhswlrqdo Flufxpvwdqfhv Vxssruw1 Gudiw1 Pd| 4<<;

^:9` Surgxfwlylw| Frpplvvlrq1 4<<;d1 Slj dqg sljphdw lqgxvwulhv= Vdihjxdug
dfwlrq djdlqvw lpsruwv1 Lvvxhv Sdshu Mxo| 4<<;1 Phoerxuqh= Surgxfwly0
lw| Frpplvvlrq1

^::` Surgxfwlylw| Frpplvvlrq1 4<<;e1 Shuvrqdo Frppxqlfdwlrq1

^:;` Sxufhoo/ W1 dqg U1 Ehdug1 4<<;1 Dq lpshuihfwo| frpshwlwlyh FJH prgho
ri Dxvwudold*v zkhdw wudgh1 Sdshu suhvhqwhg dw wkh e2?_ Dxvwudoldq Djul0
fxowxudo dqg Uhvrxufh Hfrqrplfv Vrflhw| Frqihuhqfh/ Duplgdoh/ 4<054
Mdqxdu| 4<<;1

^:<` Sxufhoo/ W1G1 dqg V1 Kduulvrq1 4<<;1 Wkh lpsdfw ri wudgh olehudolvdwlrq
dqg lqfuhdvlqj lpsruwv rq Dxvwudoldq slj sulfhv= D uhsruw suhsduhg iru
wkh Txhhqvodqg Ghsduwphqw ri Sulpdu| Lqgxvwulhv1 Eulvedqh= Ghsduw0
phqw ri Sulpdu| Lqgxvwulhv/ Txhhqvodqg1

^;3` Txhhqvodqg Srun Surgxfhuv* Rujdqlvdwlrq1 4<<;1 Zhhno| lqglfdwlyh
sulfhv iru srunhuv dqg edfrqhuv1 Xqsxeolvkhg gdwdvhw1

^;4` Vdlg/ V1H1 dqg G1D1 Glfnh|1 4<;71 Whvwlqj iru xqlw urrwv lq dxwruhjuhvvlyh
prylqj dyhudjh prghov ri xqnqrzq rughu1 Elrphwulnd :4=8<<093:1

^;5` VDV Lqvwlwxwh Lqf1 4<<61 VDV2HWV Xvhu*v Jxlgh/ Yhuvlrq 9 Vhfrqg Hgl0
wlrq1 Fdu|/ QF= VDV Lqvwlwxwh Lqf1

^;6` Vlpv/ F1 D1 4<;31 Pdfurhfrqrplfv dqg uhdolw|1 Hfrqrphwulfd 7; +4,=40
7;1

^;7` Wlvghoo/ F1D1 4<;51 Plfurhfrqrplfv ri pdunhwv1 Eulvedqh= Mrkq Zloh|
dqg Vrqv1
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^;8` Wrgg/ U1P1 4<<31 Lpsurylqj hfrqrplf iruhfdvwlqj zlwk Ed|hvldq Yhfwru
Dxwruhjuhvvlrq1 lq Judqjhu/ F1Z1M1 +hg, 4<<31 Prghoolqj hfrqrplf vh0
ulhv= Uhdglqjv lq hfrqrphwulf phwkrgrorj|1 R{irug= R{irug Xqlyhuvlw|
Suhvv
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