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The objective of this research is to analyze the impact on the global
forest sector of changes in China’s domestic market and international
trade in forest products. Price and income elasticities of demand for
seven forest products are estimated using cluster analysis combined
with panel data analysis. Cluster analysis is used to group coun-
tries by their levels of per capita gross domestic product (GDP),
per capita consumption of forest products and forest coverage rates.
Panel data analysis is then undertaken for each cluster, and price
and income elasticities for every cluster are estimated. We used the
estimated elasticities of demand and other exogenous parameters, in-
cluding GDP growth, in the Global Forest Products Model (GFPM)
to simulate the global forest sector through 2030. The GFPM is
a dynamic economic equilibrium model encompassing 180 countries
and 14 forest products. The GFPM results show that China is likely
to continue to rely on foreign raw materials, leading to increases in
consumption in Asia and throughout the world and in prices of forest
products. A lower GDP growth for China would lead to lower world
consumption of forest products and to lower prices. The GFPM re-
sults also show that Japan and South Korea (hereafter Korea) could
take advantage of the lower prices to import more raw materials if
China were to consume less. Increases in manufacturing costs in
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China could lead to a significant decrease in consumption in China,
to less of an impact in Japan and Korea and to greater consumption
and fewer exports in Africa and Oceania.

1. Introduction

Since 1999, China has eliminated import tariffs on roundwood, has
encouraged more foreign direct investment and exporting, and has wit-
nessed a rapid increase in the consumption of and foreign trade in forest
products. China imported 4.82 million m? of roundwood in 1998 and
reached 28.06 million m® in 2009 (WTA, 2010). China now imports
forest products from more countries than in the past and exports to
more markets in the world. This change has altered the global picture
of the distribution and consumption of forest products. A forest sector
outlook can be used to foresee how China’s demand will change, how
the demand and supply may balance, and how China, Japan and other
countries could be affected in a global context.

The objectives of our research are to simulate the global forest sec-
tor through 2030 under three scenarios and to analyze the impact on
the global forest sector of changes in China’s domestic market and in
international trade of forest products using the Global Forest Products
Model (GFPM), a dynamic economic equilibrium model encompassing
180 countries and 14 forest products (Buongiorno et al., 2003). The
GFPM predicts future trends in consumption, production, imports,
exports, and prices of forest products and forest resources. The GFPM
has previously been applied to the analysis of a number of issues, such
as implications of the Russian roundwood export tax increase (Turner
et al., 2008), illegal logging (Li et al., 2008), and the global outlook for
woods and forests with bioenergy demands under the two scenarios of
IPCC (Intergovernmental Panel on Climate Change) (Raunikar et al.,
2010).
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In our research, the main sources of our data are the Food and Agri-
culture Organization (FAO, 2010), the World Bank (2009), and the
US Energy Information Administration (U. S. EIA, 2010). The GFPM
software and data set are from Prof. Joseph Buongiorno’s homepage for
the GFPM (2010). Demand elasticities for seven end-use forest prod-
ucts were estimated using cluster analysis combined with panel data
analysis. Some other exogenous parameters were also changed to meet

the needs of our research objectives.

2. Materials and methods

Buongiorno et al. (2003) give the basic mathematical specification
and some applications for the GFPM. The GFPM has been improved
since its use in 1998 for the FAO’s long-term projections of forest prod-
ucts consumption, production and trade (Zhu et al., 1997); one such
improvement is the inclusion of predictions of changes in forest area and
growing stock (Turner et al., 2006), as described by Zhu et al. (2010).

The GFPM simulates market equilibrium by means of quadratic pro-
gramming, based on the theory of spatial equilibrium in competitive
markets (Samuelson, 1952). The objective function is set to maximize
the social surplus, or the sum of the producer and consumer surpluses,
the value of final product demand minus the cost of production and
transportation, subject to the material balance and capacity constraints

in each country or region and in each year (Zhu et al., 2010):
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where the subscripts ¢ and j stand for countries, k for product, P for
price in US dollars of constant value, D for final product demand, S for
raw material supply, Y for quantity manufactured, m for manufactur-
ing cost, T' for quantity transported, and ¢ for cost of transportation,
including tariffs and taxes. All variables refer to a specific year.

The essential constraint for this mathematical programming problem
is the material balance, requiring that, in each country (¢) and for each
commodity (k), the sum of the quantity imported (j to i), supplied
as raw material and manufactured, must be equal to the sum of the
domestic demand as an end product, the quantity used in the manu-

facturing of other commodities (n) as an input, and the exports (¢ to

7)-
2] D Tyik+ Sk +Yie = Dik + Y _ aignYin + Y Tijies Vi,k,
J n

where a;i,, is the input of product k per unit of product n.

In the GFPM, the final demand and the raw material supply are rep-
resented by econometric equations, where demand elasticities of GDP
and price and supply elasticities of price and shifters, such as per capita
GDP, forest stock and forest area, are estimated exogenously. The fi-
nal demand and the raw material supply are linked by input-output
coefficients. The model of forest resources was developed by Turner
et al. (2006), with changes in forest area used in the GFPM as an
exogenous parameter. Manufacturing costs are estimated as the differ-
ence between the price of a product and the cost of the wood and fiber
used to manufacture it, under the assumption of zero net profit. The
GFPM assumes that every country imports from and exports to the
world market. Prices are determined endogenously. Data from 1992 to

2006 are used, while 2006 is taken as a base year.
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3. Estimating elasticities of demand for forest products with
cluster analysis

Because elasticities of demand for end forest products have an impor-
tant influence on predictions of demand, elasticities of demand for seven
end forest products were estimated in our research (Michinaka et al.,
2010). In the GFPM, the end products are fuelwood, other industrial
roundwood, sawnwood, plywood, particleboard, fiberboard, newsprint,
printing and writing paper, other paper and paperboard. Because of
the availability of data, demand elasticities for fuelwood and other in-
dustrial roundwood were not estimated. Price and GDP elasticities of
demand for sawnwood, plywood, particle board, fiberboard, newsprint,
printing and writing paper, and other paper and paperboard were es-
timated using cluster analysis and panel data analysis (Table 1).

Cluster analysis was introduced to group countries together according
to every forest product, using cross-sectional data for per capita GDP,
per capita consumption of forest products, and forest coverage. These
variables were selected according to microeconomic theory. The appli-
cation of cluster analysis prior to the estimation of demand elasticities
solved the problems of data availability and parameter heterogeneity
in the model specification, and it avoided grouping countries arbitrar-
ily. Mean absolute deviation was used for data standardization, and
the k-medoids approach and silhouette technique were used in cluster
analysis. Statistics of clusters for every forest product showed various
combinations of countries with similar levels of per capita GDP and
forest coverage and consumption, such as a cluster including countries
with high per capita GDP, low forest coverage and high consumption
of the assessed forest product. The results of cluster analysis were val-
idated by one-way analysis of variance, but whether their elasticities
by panel data analysis are significantly different or not is not tested

because the objective of cluster analysis here is to estimate elasticities
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but not to group countries according to their levels of elasticities.
Countries included in the panel data analysis were selected based on
time series data availability and quality. As implied by cluster analysis,
countries in the same cluster are similar in variables, such as per capita
GDP, forest coverage and consumption level, so the results obtained
for some of the countries in the cluster can be used to represent the
whole cluster. In this research, long-run static models and short-run
and long-run dynamic models were estimated using panel data analysis
for countries in each cluster, with data in each cluster from 1992 to
2007 and from 9 to 44 countries. We found that long-run dynamic
elasticities were higher than short-run dynamic estimations and that
dynamic model estimations were better than static model estimations,
as shown in RMSE statistics. Compared with previous research, our
results captured the diversity in elasticity estimates and should better
reflect producer behavior affected by its own price and output changes
because of the cluster analysis. These results were be used in the GFPM

for making long-term projections.

4. Scenarios for the GFPM

In our projections, three scenarios were established, i.e. the base
scenario, alternative scenario 1 and alternative scenario 2. The base
scenario is described as follows. First, for GDP data from 2011 to
2030, US Energy Information Administration (U.S. EIA, 2010) projec-
tions were used. The EIA gives three sets of projections: a reference
case, a high economic growth case, and a low economic growth case.
Considering that the world financial crisis originated in 2008 from the
United States, the data set for low economic growth case was adopted.
This data set shows that China’s GDP growth rates will be 7.74%,
5.89% and 4.25% for 2011 to 2015, 2016 to 2020 and 2021 to 2030,
respectively. For Japan, they will be 0.28%, 0.33% and -0.14% for the
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Table 1. Long-term dynamic elasticities of demand for global forest

products
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Note: Numbers in the parentheses in the left column are sizes of the clusters

same periods, and for the whole world, they will be 2.75%, 3.26% and
2.6%. Second, as for China’s changes in forest resources, we examined
the historical changes in forest resources published by the Chinese gov-
ernment (SFA, 2010) and decided that the annual rate of change of
forest area would be 2.26%, 1.00%, 0.50% and 0.10% for 2007 to 2010,
2011 to 2015, 2016 to 2020, and 2021 to 2030, respectively. At the

same time, the annual rate of change in per hectare forest stock would
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be 0.27% for 2007 to 2010 and 0.01% for all other periods. Third, the
demand elasticities for seven end products were based on our estimates
from cluster and panel data analysis. For all other model assumptions,
the data set downloaded from the GFPM homepage was used.

For alternative scenario 1, we decreased the annual GDP growth rate
for China by 1 percentage point, i.e. new GDP growth rates for China
were 6.74%, 4.89% and 3.25% for 2011 to 2015, 2016 to 2020 and 2021
to 2030, respectively. All of the other parameters remained the same.

For alternative scenario 2, China’s annual GDP growth rate was de-
creased by 1 percentage point, and at the same time, manufacturing
costs were increased by 1 percentage point annually. In this way, the
impact on China, Japan and the world of China’s changes in the do-

mestic market and the forest sector could be discussed.

5. Results

5.1 Base scenario results

Consumption, production, imports, exports, and prices for 14 for-
est products and forest resources and for 180 countries were simulated
through 2030 using the GFPM under the base scenario, alternative
scenario 1 and alternative scenario 2. In the following figures, data for
1992 to 2007 are actual data, while data for 2008 to 2030 are projected
data. The base year in the current version of the GFPM is 2006, so
data from 2006 were projected even though projected data in 2006 and
2007 are not shown in the figures.

Thus, there are differences between actual data and projected data
for 2006 and 2007, but these differences are not errors. The GFPM cal-
ibrates and smoothes recent historical FAO data because (1) country-
specific FAO data for production and consumption of products such as

industrial roundwood, sawnwood, plywood often are not balanced, i.e.
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the reported consumption of industrial roundwood does not match the
countries’ reported production of wood products from industrial round-
wood; (2) year-to-year FAO data for a country can change considerably,
which means that projections for a country can change greatly when the
GFPM base year changes. To address these issues, the GFPM data cal-
ibration process smoothes the historical FAO data. Use of smoothing
also reflects the fact that the GFPM provides long-term information
on trends, although it provides less accuracy in year-to-year fluctua-
tions. Finally, the FAO data are calibrated to correct for errors in the
data, such as negative apparent consumption, and data from previous
years reported in more recent years as up-to-date data have not been
provided by these countries to the FAO. The results show that the pro-
jected world prices of most forest products would increase; while the
price of plywood would increase the fastest, sawnwood would keep its
price stable. According to base scenario projections, the world con-
sumption of forest products would continue to increase over the next
two decades. It is projected that the consumption of industrial round-
wood would increase to 2.7 billion m3 by 2030 from 1.7 billion m? in
2007 at an annual growth rate of 2% (Fig.1). World consumption of
plywood and fiberboard would increase the fastest, by over 2% annually,
while the consumption of sawnwood and particleboard would increase
only slightly, by about 1% annually. In the last period, from 2026 to
2030, consumption of industrial roundwood would increase faster due
to the increase in pulp- and paper-making.

Next, situations for industrial roundwood will be discussed. The pro-
jections by region for the trends of consumption of industrial round-
wood are shown in Figure 2. Consumption of industrial roundwood
would increase in all regions except Africa. North & Central America
would still be the largest consumer of industrial roundwood, while Eu-

rope, Asia and South America would follow, and Oceania would surpass
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Figure 1. World consumption of some selected forest products
(1,000,000 m?)

Africa. Consumption in South America, Oceania and Asia would in-

crease fastest because of the rapid increases in Brazil, Chile, Australia

and China.

The simulations of net trade, i.e. exports minus imports, of industrial

roundwood by region are shown in Figure 3. Due to large imports by

China, Japan and Korea, Asia would be the only region with negative

net trade. Asia would be projected to rely increasingly on imported

industrial roundwood, while all of the other regions except Africa would

greatly increase their exports of industrial roundwood. Comparing the

amounts of consumption and net trade, it can be seen that Europe

and North & Central America would export more while their levels of

consumption would keep increasing from 2008 to 2030, and Asia would

rely more on imported industrial roundwood over the next two decades.

The projections for the production of industrial roundwood by se-

lected countries are shown in Figure 4. Production of industrial round-

wood would increase in all five selected countries. Production of in-
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Figure 2. Consumption of industrial roundwood by region
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dustrial roundwood in Japan would increase the fastest, and Japan’s
annual production could reach 39 million m® by 2030. Production of
industrial roundwood in the United States, the Russian Federation and
Korea would increase at more than 2% per year, but China’s production
would increase by less than 2%.

Figure 5 shows the net trade of industrial roundwood for selected
countries. China’s net trade would jump sharply, showing that China
would continue to rely on imported raw materials. As prices increased,
Japan would import less and would raise its self-sufficiency rate by
taking advantage of its abundant forest resources. The United States
would export more roundwood, while Russia would export less due to
its industrial policy. When implementing the GFPM, the tariff issue
in Russia was considered, and the tariff for exporting roundwood in

Russia was set to 20%.
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5.2 Alternative scenario results

To further analyze the impact on Japan and other major countries’
forest sectors of changes in China’s domestic market and international
trade, two alternative scenarios were simulated using the GFPM. We
assumed that, in alternative scenario 1, only China’s GDP growth rate
decreased by 1 percentage point every year, while all other exogenous
parameters remained unchanged. In alternative scenario 2, we assumed
a 1 percentage point decrease in GDP growth rate and a 1 percentage
point increase in manufacturing cost for all manufactured products hap-
pening simultaneously. Some of the comparisons are shown in Tables
1 through 5. The projected prices were first checked and compared
to the base and alternative scenarios (results using 2006 real value are
shown in Tab.2). In the GFPM, for net exporting countries, the price is

equal to the average unit value of world exports, and for net importing
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countries, the price is equal to the world average unit export value plus
freight cost and tariffs. Therefore, prices for China, Japan and Korea
are higher than those for the world average, the United States and the
Russian Federation. Table 2 shows that, in both alternative scenar-
ios, the prices would be lower than those in the base scenario because
China would not grow as quickly as expected. In 2030, for alternative
scenario 1, the price of industrial roundwood in China and the whole
world would be 7% lower, the price in Japan and Korea would be 6%
lower, and the price in the United States and the Russian Federation
would be less affected. For alternative scenario 2, the price in the
United States would be significantly affected, reflecting the stronger
impact of manufacturing cost on forest product production and, thus,

the demand for industrial roundwood.

Table 2. Base scenario price and difference between base and alternative
scenarios for industrial roundwood for selected countries and the world

Base scenario (US$/m’) | Alternative scenario 1 (%) | Alternative scenario 2 (%)

2015 2020 2025 2030 | 2015 2020 2025 2030 | 2015 2020 2025 2030

China 94 106 117 138 -1 -3 -5 -7 -2 -3 -4 -8
Japan 98 111 123 145 -1 -2 -4 -6 -1 -3 -3 -6
Korea 99 111 123 145 -1 -2 -4 -6 -1 -3 -3 -6
USA 80 88 96 123 0 -1 -2 -3 0 -1 -1 -8
Russia 73 81 92 122 0 -3 -5 -2 0 -3 -4 -1
World 85 98 110 133 -1 -3 -4 -7 -2 -3 -3 -7
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World consumption of industrial roundwood would decrease by 3% if
China’s economy were to grow more slowly. In this case, China’s con-
sumption would be 17% lower by 2030, Japan’s consumption would be
16% higher, and Korea’s consumption would be 7% higher. Consump-
tion by the United States and the Russian Federation would be less
affected. Of course, Asia would be more affected because of China’s de-
crease. If China’s manufacturing cost increased by 1 percentage point
at the same time that its GDP growth decreased, China would suf-
fer a significant decrease in its industrial roundwood consumption, to
31% by 2030. Japan and Korea would not increase their consumptions
due to China’s cost increase, but consumption in Africa and Oceania
would increase due to China’s decreased consumption. Because the
world price would decrease and the demand from China would not be
strong, it would be much easier for Africa and Oceania to consume
more wood, although the production in Africa and Oceania would not
be significantly affected.

The impact of the two alternative scenarios on the production of
industrial roundwood is shown in Table 4. World production would
be 3% lower by 2030, China’s production would be 4% lower, Japan’s
6% lower and Korea’s 5% lower. If the manufacturing cost in China
increased at the same time as the economy grew more slowly, then the
production of industrial roundwood in North and Central America and
South America would be 6% and 5% lower, respectively.

China would import less industrial roundwood in alternative scenario
1 than it does in the base scenario, and it would import considerably
less in alternative scenario 2 due to the sharp decrease in consumption.
In both of these alternative scenarios, Japan would increase its imports
of industrial roundwood by as much as twice the amount in the base
scenario. If the world price decreased, Japan would consume more

industrial roundwood in the alternative scenarios than it would in the
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base scenario. This increase in consumption would come as a result
of a lower world price, making imports comparatively cheaper than
domestic harvests. Japan’s domestic production would be affected by
lower prices of imported raw materials. With a lower world price, Africa
and Oceania would increase their consumption and would decrease their
exports. It is interesting that the United States’ net-trade would not
be affected even though its price would decrease as much as China’s.
It appears that the United States would be able to maintain its trade
level by lowering its price and increasing exports to Japan and other

countries.

Table 5. Difference between base and alternative scenarios for net trade
of industrial roundwood by region and in selected countries

Alternative scenario 1 (difference in 000 m” and %)
2015 2020 2025 2030 | 2015 2020 2025 2030

Africa -355 -732 -815  -2,538 -3 -7 -8 25
N/C America -3 -7 -1444 -1,899 0 0 -4 -4
S America -46 -85 -145 -200 0 -1 -1 -1
Asia 4,137 13,273 19,364 30,099 -3 -7 9 -13
Oceania -51 -99 -508  -4,115 0 0 -1 -6
Europe -3,683 -12,349 -16451 -21,347 6 -14 -18 22
China 7,082 19,074 30,861 46,311 -8 -15 22 27
Japan -1,284 2905  -6,390 -9,939 4 11 31 111
Korea -233 -818  -1,631  -1,631 2 7 13 11
USA 0 0 0 0 0 0 0 0
Russia 0 -4717 -3385 -2429 0 -15 -5 -15

Alternative scenario 2 (difference in 000 m” and %)
2015 2020 2025 2030 ] 2015 2020 2025 2030

Africa -473 -952 -2,862  -5,936 -4 9 28 58
N/C America -5 -11 -1,426  -3,004 0 0 -4 -7
S America -59 -109 -139 -447 0 -1 -1 2
Asia 5,481 18,146 36,293 71,824 -4 -0 -18 30
Oceania -67 -131 -13,821 -27,950 0 0 27 43
Europe -4,878 -16,943 -18,045 -34,488 -8 20 20 -36
China 9,263 25,692 47,709 90,384 -10 21 34 54
Japan -1,615  -3,798  -6,066 -10,255 6 15 30 115
Korea =311 -1,033  -1,693  -1,982 3 9 13 13
USA 0 0 0 0 0 0 0 0
Russia 0 -6,055 -2938 -2,108 0 -9 13 -13

Note: N/C America: North and Central America; S America: South America.

Finally, the impact in percentages of consumption, production, net
trade and prices of sawnwood, plywood, particleboard and fiberboard

on the alternative scenarios for China and Japan is shown in Table 6.
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Compared to the base scenario, China’s consumption and production
would be negatively affected by the lower GDP growth rate and higher
manufacturing costs, but Japan’s consumption would remain stable or
increase slightly, if not to the same extent, due to lower forest prod-
uct prices. In addition, Japan’s production would remain stable or
increase slightly because of the slight increase in consumption. The
results also show that China would import less sawnwood and plywood
if it consumed less, but if the manufacturing cost increased, then China
would import more due to the decreased competitiveness of its domestic
production. If Japan manufactured more in these two scenarios, Japan
would import fewer materials, particularly plywood. China and Japan’s
net trade of particleboard and fiberboard would be little affected, ex-
cept for Japan’s fiberboard net imports, which would be lower. As
for price, the prices in China would increase in alternative scenario 2,
except for plywood, due to the higher cost of manufacture, in which
decreased consumption would play a more significant role. With all of
these selected forest products, prices in Japan would decrease due to

China’s lower consumption.

6. Discussion

With the forecast of GDP growth rate sourced from the EIA and
the theory of spatial equilibrium in competitive markets, by way of
the GFPM and based on the mathematical programming, we simu-
lated the forest sector through 2030. It was found that the world
trend of increases in consumption, production and trade would con-
tinue. The general trend for the world would be similar to that re-
ported in FAO (2009), which follows the historical trends. For Africa,
however, stronger growth in consumption and production of industrial
roundwood and sawnwood is expected in FAO (2009) than in this re-

search. GFPM projections of the lower level of roundwood production
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Table 6. Difference between base and alternative scenarios
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for consumption, production, net trade and price for selected products

[ Alternative scenario 1 (%) Alternative scenario 2 (%)
[ 2015 2020 2025 2030 [2015 2020 2025 2030
C ption
China -3 -5 -8 -11 -3 -6 9 -1l
Japan 0 1 1 2 0 1 1 2
Production
China -5 -6 5 -6 5 -10 -18 54
Sawnwood Japan 3 3 3 4 4 4 3 4
Net trade
China 0 -5 221 -21 0 0 0 78
Japan -8 -8 -8 -8 -10 -10 -10 -10
Price
China -1 -1 -1 -3 2 5 8 5
Japan 0 0 -1 -1 0 -1 -1 -3
C ption
China -4 -8 -12 -16 -4 -8 -12 -16
Japan 0 1 2 6 1 1 1 6
Production
China -3 -7 -11 -15 -2 6 -11 -15
Plywood Japan 6 21 62 135 8 29 60 133
Net trade
China 55 -75 -33 -25 69 94 41 -31
Japan -2 -11 -34 -52 -3 15 33 -51
Price
China -1 -1 -1 -2 -1 -1 -1 -2
Japan 0 0 -1 -3 0 -1 -1 -3
C ption
China -5 -10 -15 -20 -7 -13 20 -25
Japan 0 0 0 1 0 0 0 1
Production
China -6 -12 -17 -23 700-15 230 29
Particle Japan 2 1 1 1 2 1 1 1
board Net trade
China 0 0 0 0 0 0 0 0
Japan -2 -12 -12 120 -120 -12 -12 -12
Price
China -1 -1 -2 -3 1 2 4 4
Japan 0 -1 -1 -2 0 -1 -1 -2
C ption
China -4 -8 -12 -15 -8 15 23 29
Japan 0 1 1 2 0 1 1 2
Production
China -4 -9 -13 -17 8 -17 26 -33
. | Japan 0 1 1 2 0 1 1 2
Fiberboard Net trade
China 0 0 -3 0 0 0 0
Japan 0 0 0 0 0 0 0 0
Price
China -1 -1 -1 -2 2 5 7 9
Japan 0 -1 -2 -3 -1 -1 -1 -3

coincides with its projections of lower decreasing rate of forest area,

which is reasonable because production of industrial roundwood is one

of the main reasons of deforestation in Africa (Morikawa, 1996). FAO

(2009) assumes that “forest loss is likely to continue at current rates,”
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while the GFPM uses a modified forest area change scenario from the
IPCC climate-change scenarios (Raunikar et al., 2010), showing that
forest area in Africa decreases at a slower rate in the next 20 years.
The GFPM results show that the consumption of sawnwood and panel
products in Africa would increase, but they would be sourced by im-
port or by a slight increase in production. The GFPM results show that
China would continue to rely on foreign raw materials, contributing to
increases in Asian and in world consumption and world prices of for-
est products. Lower GDP growth for China could lead to lower world
consumption and lower prices of forest products. Increases in manu-
facturing costs in China could lead to serious decreases in consumption
in China. As China’s net trade decreased, caused by a decrease in
consumption, the competitive relationship between three East Asian
countries—China, Japan and Korea—would be clear of the trends in
changes in consumption, production, trade and prices. It was found
that if economic growth in China decreased, Japan, Korea, Oceania
and Africa might have a chance to consume more forest products by
taking advantage of lower prices and their own (abundant) forest re-
sources.

The comparison between actual data and projected data has been
discussed in previous research, such as Buongiorno et al. (2003) and
Turner et al. (2008). As for the accuracy of GFPM projections, un-
certainty exists in “(1) the GFPM structure and parameter estimates
(demand and supply elasticities, input-output coefficients, etc.); (2) the
model base-year data; and (3) the exogenous assumptions used to make

projections” (Turner et al., 2008).
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