
Effects of Exchange Rate Misalignment on Agricultural Producer Support Estimates: 
Empirical Evidence from India and China 

 
 
 

Fuzhi Cheng 
 
 
 

Dissertation submitted to the faculty of  
Virginia Polytechnic Institute and State University  

in partial fulfillment of the requirements for the degree of  
 
 

Doctor of Philosophy 
In  

Economics 
 
 
 
 
 
 
 

David Orden, Chair 
Richard Ashley 
Bradford Mills 

Everett Peterson 
Dennis Yang 

 
 
 
 

 October 4, 2005 
Blacksburg, VA 24061 

 
 
 

Keywords: exchange rate equilibrium, exchange rate misalignment,  
cointegration, exchange rate pass-through, producer support estimates 

 
 
 
 
 

Copyright 2005, Fuzhi Cheng 



Effects of Exchange Rate Misalignment on Agricultural Producer Support Estimates: 
Empirical Evidence from India and China 

 

Fuzhi Cheng 

 

(ABSTRACT) 

 

There have been different degrees of exchange rate disequilibrium in the developing 

countries during recent transition or reform periods. The level of the exchange rate and its 

misalignment can have significant impacts on agricultural policy measures such as the Producer 

Support Estimates (PSEs). However, little efforts have been made to explicitly take into account 

the issue of exchange rate misalignment. In the conventional PSE studies the prevailing actual 

(nominal) exchange rates are usually used. There is general agreement that the use of actual 

exchange rates may introduce a bias in the PSE calculations, and that this bias can be substantial 

when the actual rates are significantly out of equilibrium, but there is much less agreement on the 

most appropriate alternative.  

This dissertation proposes a theoretical and an empirical model for estimating 

equilibrium exchange rates. Within the context of these models, the equilibrium exchange rates 

are argued to be determined by a group of real economic fundamentals. These fundamentals 

within this study include technological progress (Balassa-Samuelson effect), levels of 

government expenditure, world interest rate, net capital inflows, terms of trade, and openness of 

the economy. Base on various time series techniques and using data from India and China, 

sensible long-run relationships are identified between the real exchange rate and these economic 

fundamentals. The long-run cointegrating relationships are used to derive the equilibrium 

exchange rates and to gauge corresponding misalignments for the currencies in the two countries.    

The relevance and usefulness of the exchange rate equilibrium and disequilibrium in the 

calculation of the PSEs for India and China are then discussed. Results from the commodity-

specific measures including the Market Price Support (MPS) and the PSE show that agricultural 

support levels are quite sensitive to alternative exchange rate assumptions. Specifically, 

exchange rate misalignments have either amplified or counteracted the direct effect on 

agriculture from sectoral-specific policies. With a few commodity exceptions such an indirect 

effect in both countries is relatively small in magnitude and dominated by the direct effect. This 



is also the case when the indirect effect rises substantially as a result of more misaligned 

exchange rates. Counterfactual MPS measure calculated assuming the exchange rate is in 

equilibrium with different exchange rate pass-through is also presented. It is shown that when no 

exchange rate pass-through to domestic prices occurs, the transfer of the indirect effect of 

exchange rate misalignment into the counterfactual MPS is full. But when there is exchange rate 

pass-through, even though partially, the transfer of indirect effect is significantly smaller. 

Results based on the commodity-specific PSE show that the exchange rate effect also 

depends on the relative importance of different PSE components. In addition to a positive impact 

on the direct effects measured by commodity-specific PSE compared to those measured by 

commodity-specific MPS, the increasing share of budgetary expenditures in India’s agricultural 

support in recent years has resulted in more pronounced indirect effects. For China, the exchange 

rate effects are more similar between the PSE and the MPS measures at the commodity level 

because of the dominance of the MPS component relative to the budgetary payments in the 

PSEs.  

Moving from commodity-specific to aggregate measures, one can observe a similar 

pattern of agricultural support. However, the exchange rate effect measured by the total PSE 

appears to be more important: it becomes several times larger in magnitude than the direct effect 

in periods of severe exchange rate misalignment. The exchange rate effect when the PSE is 

“scaled up” from covered commodities to an estimate for the total agricultural sector is also 

demonstrated even though the assumption imposed by scaling-up may be unrealistic if price 

support is concentrated among those products included in the analysis. Since the commodity 

coverage in both countries tends to be incomplete and the scaling-up procedure leads to a total 

MPS component of greater magnitude, larger exchange rate effects are found in the scaled-up 

than the non-scaled-up version of the total PSEs. The impact of scaling-up on the indirect effect 

is proportional to the share of covered commodities in the total value of agricultural production. 

Again for the PSEs at both the commodity and aggregate levels, the counterfactual measures 

indicate a full transfer of indirect effect of exchange rate when no exchange rate pass-through is 

assumed. A large portion of the indirect effect disappears when incomplete exchange rate pass-

through is assumed resulting in a smaller transfer of the effect to the counterfactual PSEs.  
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Effects of Exchange Rate Misalignment on Agricultural Producer Support Estimates: 
Empirical Evidence from India and China 

 

 

1. Introduction 

Agricultural policies in the developing countries play a very important role in 

determining domestic commodity prices and the returns to agriculture. The nature and degree of 

the policy interventions differ across countries thereby producing different types of impact on 

producers and consumers. Various agricultural policy indicators (API) have been constructed to 

evaluate and monitor these policy changes (Josling and Valdes, 2004). A problem with 

conventional analyses based on the APIs, however, is that they usually have a sector-specific 

focus that can miss the important linkages between economy-wide policies and the agricultural 

sector. By changing the relative prices of importables, exportables, and home goods, some 

economy-wide policies, such as the exchange rate policies, can have impacts on agricultural 

incentives that might overwhelm those from sectoral policies. The different effects of sectoral 

and economy-wide policies on agriculture in the developing countries were documented in a 

classic series of studies by Krueger, Schiff and Valdes (1988 and 1991). 

One feature of these early studies is that their analyses were based on the effect of 

exchange rates on agricultural price distortions, measured by the nominal rate of protection 

(NRP) or market price support (MPS). However, other types of incentives to agriculture exist 

such as the direct payments to farmers. For some countries, it has become evident that the 

analysis of agricultural support would be incomplete without consideration of the influence of 

government outlays on farmers’ returns in the form of capital grants, input subsidies, and various 

other transfers involving government expenditure (Josling and Valdes, 2004). When both price 

and non-price incentives are included in more comprehensive APIs, such as the Producer 

Support Estimate (PSE), the measured effects of exchange rates on agriculture will be different, 

and can change as the shares of different components of the API change.  

The relevance of exchange rates in PSE estimates has been pointed out by a number of 

authors including Harley (1996), Liefert et al. (1996), Bojnec and Swinnen (1997), Shick (2002) 

and Melyukhina (2002). This issue is particularly important for the developing countries since 

capital surges, macroeconomic instability and subsequent financial crisis in the last two decades, 

together with delayed or insufficient adjustments in the exchange rates, have generated 
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substantial exchange rate misalignments in some of these countries. Pronounced misalignments 

in the exchange rate could potentially subsidize or tax the agricultural sector and lead to incorrect 

estimates of the level and sometimes the direction of agricultural support as measured by the 

MPS or PSE. In these cases, the effects of exchange rate misalignments have to be taken into 

account if meaningful calculations of the PSE are to be presented.  

While there is general agreement that the use of misaligned exchange rates introduces a 

bias in the PSE calculations and that this bias can be substantial in some cases, there is much less 

agreement on the most appropriate alternative. The problem arises from the fact that it is 

fundamentally difficult to determine the equilibrium value of an exchange rate. A number of 

previous studies (e.g. Liefert, et al., 1996; Shick, 2002) have used adjusted exchange rates such 

as the purchasing power parity (PPP) exchange rates as the “equilibrium” exchange rates in their 

PSE calculations. The findings from these studies generally indicate that alternative assumptions 

about exchange rates have significant impacts on the PSEs. Despite their plausible results, the 

calculations such as those based on the PPP involve a high degree of discretion and the 

conclusions are usually sensitive to a specific adjustment approach. Other models of equilibrium 

exchange rates are potentially preferred to the PPP approach in the PSE estimations (Harley, 

1996).  

More recently, the real equilibrium exchange rate models based on economic 

fundamentals have gained prominence and been frequently used by both practitioners and policy 

makers to address issues of exchange rate misalignment and to test for over- or under-valued 

currencies. This study attempts to use the real equilibrium models of exchange rate determination 

and identify the relevance and usefulness of the equilibrium exchange rates in the PSE 

calculations. Our analysis is focused on two world’s largest agricultural economies, India and 

China, where neither the issue of exchange rate misalignment nor its consequences on the 

agricultural support levels are well understood. This study is based on the data sets and related 

PSE analyses developed earlier by Mullen, Orden and Gulati (2005) and Sun (2003) and draws 

on a common OECD PSE methodology with some modifications for use in a developing country 

context. 

Using contemporary time series techniques including the unit root and Johansen 

cointegration procedures, long-run relationships are identified between the real exchange rate 

and the economic fundamentals in India and China. The cointegration results are further used to 
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generate measures of exchange rate equilibrium and misalignment for the two currencies. Our 

findings show that, due to poor external sector performance and depletion of foreign exchange 

reserves, the actual real exchange rate of the Indian rupee was overvalued in the years leading up 

to a financial crisis in 1991. The currency reached its equilibrium around 1993 and has since then 

stayed close to the equilibrium values. The Chinese yuan also experienced periods of 

misalignments which mostly consist of undervaluation. Rigid nominal exchange rates, low 

inflation rates, as well as strong economic fundamentals in recent years have driven up the gap 

between the actual and equilibrium value of Chinese currency, causing an undervaluation of 

about 20 percent in 2002.    

The real equilibrium exchange rates in both countries are then converted to corresponding 

nominal rates and applied to the calculations of MPS and PSE in an effort to separate the effects 

of the economy-wide policies (exchange rate in this case) from agricultural policies. In contrast 

to previous studies that assume no exchange rate pass-through in the MPS and PSE calculations, 

this study considers measures of the MPS and PSE when the exchange rate is counterfactually 

assumed to move to its equilibrium (possibly as a result of macroeconomic environment and 

policy changes, or a counterfactual analytical simulation) under three different scenarios of 

exchange rate pass-through effects, i.e., no exchange rate pass-through, incomplete exchange rate 

pass-through and complete exchange rate pass-through. Using a two-way fixed effect panel 

analysis based on disaggregate commodity price data in India and China, high but still 

incomplete pass-through of exchange rate is found for both countries. With the possibility that 

exchange rate changes can partially pass on to domestic prices, the effect of exchange rate on the 

PSEs thus depends on not only the degree of exchange rate misalignment but also the degree of 

its pass-through.  

The MPS and PSE results show that the indirect effect of exchange rate misalignment 

measured by the commodity-specific MPS or commodity-specific PSE has either amplified or 

counteracted the direct effect on agriculture from sectoral-specific policies. For both India and 

China, such an indirect effect is relatively small and dominated by the direct effect except for a 

few commodities during certain periods.  This also the case even when the indirect effect rises as 

exchange rates become more misaligned, e.g., late 1980s and early 1990s for India and recent 

years in China. It is also shown the effect of exchange rate misalignment can be transferred to the 

counterfactual MPS and PSE calculated assuming the exchange rate is in equilibrium. The 
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transfer is full with no exchange rate pass-through but drops substantially with incomplete 

exchange rate pass-through. There is no transfer of exchange rate to the counterfactual MPS and 

PSE when there is complete pass-through, in which case exchange rate only affects the price 

incentives facing the agricultural producers leaving these policy measures unchanged.    

In addition, the indirect effects of exchange rate misalignment are also found to be 

affected by other PSE components such as the budgetary payments. Besides a significant positive 

impact on the direct effects measured by commodity-specific PSE compared to those measured 

by commodity-specific MPS, the increasing importance of budgetary payments in India’s 

agricultural support has resulted in more pronounced exchange rate effects. For China, the 

exchange rate effects are more similar between the PSE and the MPS measures due to the 

dominant role the MPS component plays in the PSE measure.  

Moving from commodity-specific to aggregate measures, one can observe a similar 

pattern of agricultural support. However, the exchange rate effect measured by the total PSE 

appears to be more important: it becomes several times larger in magnitude than the direct effect 

in periods of severe exchange rate misalignment. The exchange rate effect when the PSE is 

“scaled up” from covered commodities to an estimate for the total agricultural sector is also 

demonstrated, even though the assumption imposed by scaling-up may be unrealistic if price 

support is concentrated among those products included in the analysis. Since the commodity 

coverage in both countries tends to be incomplete and the scaling-up procedure leads to a total 

MPS of greater magnitude, larger exchange rate effects are found in the scaled-up than the non-

scaled-up version of total PSEs. The impact of scaling-up on the indirect effect is proportional to 

the share of covered commodities in the total value of agricultural production. Similarly, 

counterfactual measures show that the degree of exchange rate pass-through also affects the 

transfer of the indirect effect to the total PSE.       

The dissertation is organized as follows. Section 2 provides some background 

information of India and China in terms of their macroeconomic environments, agriculture 

sectors and agricultural policies. Section 3 reviews the existing literature on equilibrium 

exchange rate modeling and presents an analytical model. Section 4 empirically estimates the 

equilibrium exchange rates of the currencies (against the US dollar) in India and China. The 

equilibrium exchange rates are then applied to the MPS and PSE calculations in Section 5. 

Summary and conclusions are provided in Section 6. 
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2. Economic and Policy Background   

India and China are the world’s two most populous agricultural economies, comprising 

about 40 percent of the world’s total population and more than 20 percent of global agricultural 

GDP. They are leading agricultural producers and, on net, are exporters of some major 

commodities but importers of others. The two countries started their economic reforms in the 

early 1980s and the late 1970s, respectively. The primary goal of these two countries’ economic 

reforms was to seek globalization of their relatively closed economies by opening up both trade 

and financial channels. Though some tentative steps toward liberalization were taken, changes in 

both channels were slow and uneven during the early stages of the reforms. Major progress took 

place in the 1990s and the last decade or so has witnessed a series of development in trade and 

financial sectors. Concurrent with these trends was the increased incidence of financial crises in 

other Asian countries, raising questions about the linkages between liberalization and economic 

instability. Notwithstanding the doubts, both countries continued the progress in dismantling 

trade restrictions and capital controls to further liberalize their economies, albeit more cautiously 

than in the pre-crisis period.  

The agricultural reform process in India and China, however, has often lagged reforms in 

other parts of the economy, it has not been uniform over time, and it has been marked by 

occasional policy reversals and setbacks. Agricultural policies in the two countries differ with 

their diverse circumstances and with choices articulated by policy makers. While India has deep 

traditions as a market economy, China has emerged from communist central planning and 

continues to be governed by a communist regime. Despite their differences, India and China 

share a number of common features in terms of their domestic and foreign trade policies toward 

agriculture in the pre- and post reform periods. As in many other developing countries with 

smallholder-dominated agricultural sectors and poorly developed market infrastructure and 

institutions in the pre-reform period, government interventions instead of the market were often 

pursued to achieve the twin goals of self-sufficiency and low food prices for consumers. Recent 

policy reforms in the agriculture sector in the two countries have displayed a similar pattern of 

transition. There has been a movement in each country from an autarkic and state-led setting to a 

more deregulated market environment with greater integration into the world economy and a 

new and larger role for the private sector.  
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The broad economic liberalization process has stimulated rapid economy-wide growth in 

both countries, but it has also imposed structural adjustment pressures on the agricultural sectors. 

Within each country, major reforms in sectoral and economy-wide policies have been 

implemented – in part to address a policy bias against agriculture. With further industrialization 

and urbanization, the governments of the two countries are facing the same important problem of 

how much to assist their farmers relative to other producers. There is some risk that these two 

countries will follow the experiences of the developed countries in terms of increased 

agricultural protection and subsidy as their national incomes rise. But fiscal limitations and 

commitments to the WTO are likely to constrain how far both governments can extend to do so.  

 

2.1 Overall Economy 

2.1.1 India 

Since its independence 50 years ago, India has followed a mixed economic system with a 

socialistic bent and extensive central planning (USDA, 2005). Basic economic activities are 

market driven, but dominated by the public sector and government controls. Historically, India’s 

economy has been impaired by chronic large fiscal deficits, high inflation, and poor performance 

of the external sectors. India’s GDP grew more strongly in the 1980s than during the 1970s 

following the initial reform efforts with growth rates higher in industry and service than in 

agriculture (Table 2.1).  

 

Table 2.1: GDP Growth Rates, India  

Period Total Agriculture Industry Service 
1970-1980 3.3 2.3 3.8 4.5 
1981-1990 5.8 3.5 7.1 6.7 

1991 0.9 -1.5 -0.6 4.8 
1992-1996 6.5 4.7 7.6 7.6 
1997-2003 5.2 0.9 4.9 7.9 

Source: World Bank, 2004. 
 

India’s GDP has registered impressive economic growth in the 1990s after the financial 

crisis in 1991 and subsequent economic restructuring. In the period from 1992 to 1996, GDP 

grew at a rate of 6.5 percent. This rate was 5.2 percent during 1997 to 2003, a slight slowdown 

from the period immediately following new reforms brought on, among other factors, by a 
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slowdown in public sector investments, falling world prices of most agricultural products, and 

the poor monsoon rains, especially in 2002-03 (Mullen, Orden and Gulati, 2005). Despite growth 

of the past two decades, however, India has lagged behind some of its neighbors in economic 

performance. India’s per capita GDP was roughly equal to that of China in 1970 ($213 in real 

1995 value). But by 2000, its per capita GDP ($477 real 1995 value) was only a little over half 

that achieved by China ($878) (Mullen, Orden and Gulati, 2005).  

The slow process of trade and financial liberalization in the 1980s in India was 

characterized by deterioration of the current account and gradual losses of the reserves, which 

lasted from 1985 to 1989 and worsened in 1990 (Figure 2.1). Total exports of goods and services 

between 1985 and 1990 increased from $12.9 billion to $22.9 billion while total imports 

increased from $19.0 billion to $29.5 billion, leading to an average current account deficit of 

$5.8 billion per year. The current account deficit for India touched $7 billion (more than 2% of 

the GDP) in 1990. Two sources of external shocks contributed the most to India’s continuous 

current account deficits before the crisis. One is the slow economic growth and weak export 

markets in a number of India’s important trading partners especially the US, and the other is the 

military event in the Middle East in the late 1980s and early 1990s and the run-up in world oil 

prices (Cerra and Saxena, 2002).  

 

Figure 2.1: Current, Capital Accounts and Reserve Changes: India (Percent GDP) 
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On the other hand, from the early 1980s up till 1990, India had had no foreign direct 

ital account was dominated by the “net 

ot estm le th nt wa deb flows 

consisting of external assi er g t Ind posits. The 

widening current account imbalances and re losses contrib to low investor confidence, 

which was further weakened by political instabilities within the country. Capital account suffered 

before the crisis when commerc bank fina  became hard to obtain, and outflows began to 

take place on short-term externa bts as cr s were reluct roll over ing loans 

(Cerra and Saxena, 2002). More r, the pre ly strong inflows on non-resident Indian 

dep harply reased and s ted to ne ows. Net cap flows in ropped to 

$3.4 billion, less than half of the peak levels in the 1980s. 

 

Table 2.2: Capital Inflows to India (Billion US$)  

Year Net I Net lio 
Inv nt 

Net Other 
In nt 

Net Total  
Capit ws % of GDP 

investment (FDI) or portfolio investment and the cap

her inv ent” (Tab  2.2). The net o

stance, comm

er investme

cial borrowin

s primarily t-creating in

 and non-residen ian de

serve uted 

ial ncing

l de editor ant to  matur

ove vious

osits s dec hif t outfl ital in 1991 d

FD  Portfo
estme vestme al Inflo

1982 0 0 0.46 0.46 0.24 
1983 0 0 2.05 2.05 1.00 
1984 0 0 3.05 3.05 1.50 
1985 0 0 3.28 3.28 1.55 
1986 0 0 3.99 3.99 1.72 
1987 0 0 5.73 5.73 2.23 
1988 0 0 
1989 0 

7.18 7.18 2.36 
0 7.21 7.21 2.41 

0 0 0 5.53 5.53 1.70 
1991 0.07 0 3.37 3.44 1.20 
1992 0.28 0.28 3.52 4.08 1.41 
1993 0.55 1.37 5.15 7.07 2.51 
1994 0.89 5.49 4.19 10.57 3.27 
1995 2.02 1.59 0.24 3.85 1.05 
1996 2.19 3.96 5.70 11.85 3.07 
1997 3.47 2.56 3.62 9.65 2.30 
1998 2.58 -0.60 6.60 8.58 2.03 
1999 2.09 2.32 5.17 9.58 2.14 
2000 1.98 1.62 6.01 9.61 2.07 
2001 3.64 1.97 3.77 9.38 1.94 
2002 2.58 0.93 4.56 8.07 1.59 

199

Source: International Financial Statistics, IMF, various years. 
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 The post-crisis adjustment program featured macroeconomic stabilization and structural 

reforms and the effects of these measures were evident on the external sector. Trade 

liberalization introduced drastic reduction in government interventions, trade restrictions, tariff 

rates, and public sector dominance. Total trade flows (imports and exports) increase from $50.1 

billion in 1991 to $161.5 billion in 2002, and current account deficits averaged about $2.8 billion 

per year during this period. The current account turned into surpluses in the years 2001 and 2002 

Capital inflows also recovered during this period. The spurt of capital reached 

record 

 

 

, 

reign 

exchan

. 

 

n 

-

 

apital account 

nd the reserve changes for China during 1982-2002. Export growth was rapid due to measures 

eness associated with low labor costs. Meantime, the 

value of im reased but a h  W a icits did occur, the 

(Figure 2.1). 

high levels in 1994 and 1996 and the magnitudes were more than tripled compared with 

1991 (Table 2.2). A significant drop of net capital inflows occurred in 1995, but from 1997 

onward the net annual inflows have been relatively stable and stayed between $8 billion and $10

billion. The composition of the capital inflows has tilted toward more non-debt-creating foreign

direct and portfolio investments, although their shares in total capital inflow remains lower than 

the net other investment. The reforms also brought confidence among international investors, 

including non-resident Indians (Cerra and Saxena, 2002). In general, during the post-crisis years

rising capital inflows and shrinking trade deficits have led to continued accumulation of fo

ge reserves (Figure 2.1). 

  

2.1.2 China 

Compared to India, China has a larger economy, and its changes have been more drastic

China’s economy has witnessed considerable achievements in the last two decades. From 1979

to 2002, the average annual growth rate of GDP was over 8 percent.  The average GDP growth 

rate almost doubled in 1985-1995 compared to the pre-reform years (1970-1978). Even during 

the Asian financial crisis period, the average growth rate was still sustained and averaged at 8.1 

percent for the period of 1996-2002 (Table 2.3). As in India, the industry and service sectors i

China have grown much faster than the agricultural sector during the last two decades. In 1985

2002, the growth rate of agriculture GDP was less than half that of industry and service.  

Starting in 1978, the government of China had begun a process of gradual liberalization

of trade, investment, and financial markets. Figure 2.2 shows the current account, c

a

of deregulation and improved competitiv

ports inc t a muc  slower rate. hile occ sional def

 9



current a een in surpl for mo the 198 d all of 1990s (except 1993). The 

annual cu t surplus av ed abou 5.3 billi uring -2002. Capital account 

during th d had also e ienced inuous ses f ing the inward capital 

aked in the mid-1990s, but decreased sharply in the following years, 

rgely due to Asian financial crisis and technology bubbles in the developed economies. The 

ixed 

exchange rate are concurrent with proactive central bank interventions, which have resulted in 

substantial accumulation of foreign exchange reserves (Lin and Schramm, 2003).  

 

Table 2.3: GDP Growth Rates, China 

Period Total Agriculture Industry Service 

ccount has b uses st of 0s an

rrent accoun erag t $1 on d  1990

e same perio xper cont s uurpl ollow

surges. The surpluses pe

la

capital account surpluses resumed in the 2000s. Positive balance of payments along with f

1970-1978 4.9 2.7 6.8 n.a. 
1979-1984 8.5 7.1 8.2 11.6 
1985-1995 9.7 4.0 12.8 9.7 
1996-2002 8.1 3.3 9.6 8.1 

Source: World Bank, 2004.  
 

Figure 2.2: Current, Capital Accounts and Reserve Changes: China (Percent GDP) 
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Source: IFS, IMF, various years and author’s calculation. 

 

In contrast to the experience of India, the capital inflows to China has been uniformly 

dominated by FDI flows, while net portfolio and other investment have played an insignificant 
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role, and in most years, been outflows (Table 2.4). China is the largest developing country host 

of FDI. In several recent years (2001 and 2002), although the total capital inflows to China were 

nly about three times as large as those to India, FDI flows have been more than ten times larger. 

ina overtook the US in FDI inflows, 

be the most attractiv io ld an bou  in FDI 

(ne  FD  Ch n r ned, uring times 

of A inanc sis. The is that F  very low ity to in nal interest 

rate s prim  driven b ’ consid  of long-t ofitability. Other types of 

cap ws, i ng portfo estments, are less costly t rse and ha n much 

mo tile th  the year ther reas  FDI to be  desirable

inflows to China is the belief I brings positive ex ities, such as technology and 

ma ent expertise (Huang, 2002).   

 

Table 2.4: Capital Inflows to China (Billion US$) 

Y Net FDI 
Net P
Inve

Net Other 
Inve

Net Total  
Capi ws % of GDP 

o

By the end of 2002, a year after joining the WTO, Ch

came e FDI destinat

ina h ee

n in the wor

very e fo

d received a t $47 billion

t). The I f  tolows ave b  stabl the per xamiiod e even d

sian f ial cri reason DI has sensitiv ternatio

s and i arily y firms eration erm pr

ital flo ncludi lio inv o reve ve bee

re vola rough s. Ano on for a very  form of capital 

that FD along ternal

nagem

ear ortfolio 
stment stment tal Inflo

1982 0.39 0.02 -0.07 0.34 0.12 
1983 0.54 -0.62 

-1.64 
-0.15 -0.23 -0.07 

-0.32 1984 1.12 -0.49 -1.00 
1985 1.03 3.03 4.91 8.97 3.00 
1986 1.43 1.57 2.95 5.94 2.02 
1987 1.67 1.05 3.28 6.00 1.89 

1.80 1988 2.34 0.88 3.91 7.13 
1989 2.61 -0.18 1.29 3.72 0.85 

-0.24 0.84 3.26 0.85 
3.45 0.24 4.34 8.03 2.01 

1992 7.16 
199

1990 2.66 
1991 

-0.06 -7.35 -0.25 -0.05 
3 23.12 3.05 -2.69 23.47 3.92 

1994 31.79 3.54 -2.69 32.65 6.03 
1995 33.85 0.79 4.04 38.67 5.52 
1996 38.07 1.74 0.16 39.97 4.86 
1997 41.67 6.94 -27.58 21.04 2.33 
1998 41.12 -3.73 -43.66 -6.28 -0.66 
1999 36.98 -11.23 -20.54 5.20 0.52 
2000 37.48 -3.99 -31.54 1.96 0.18 
2001 37.36 -19.41 16.88 34.83 2.92 
2002 46.79 -10.34 -4.11 32.34 2.62 

Source: International Financial Statistics, IMF, various years. 
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2.2 The Exchange Rates 

2.2.1 India 

 The movement toward a regime of market determined exchange rates in India began wi

the official devaluation of the rupee in July 1991. In March 1992, a dual exchange rate sy

was introduced in the form of the Liberalized Exchange Rate Management System (LERMS). 

Under this system all foreign exchange receipts on current account transactions were required to 

be submitted to 

th 

stem 

the foreign exchange Authorized Dealers (ADs) in full, who in turn would 

surrend

f 

en 

s 

terized 

99). 

ting to 

non-de

. 

er to the Reserve Bank of India (RBI) 40 percent of their purchases of foreign currencies 

at the official exchange rate announced by the RBI. The balance 60 percent could be retained for 

sale in the free market. The LERMS as a system in transition performed well in terms of creating 

the conditions for transferring an augmented volume of foreign exchange transactions onto the 

market (Udeshi, 2004). Subsequently, in March 1993, India moved from the earlier dual 

exchange rate regime to a single, market determined exchange rate system. The unification o

exchange rates brought about the era of floating exchange rate regime of rupee. Another 

important step toward foreign exchange market liberalization was made in August 1994 wh

the current account convertibility was established by accepting Article VIII of the IMF’s Article

of Agreement.  

The different phases in India’s exchange rate regime shifts have also been charac

by the implementation of recommendations from different high level committees (Reddy, 19

The recommendations of the Rangarajan Committee (1991) on balance of payments provided the 

basic framework for policy changes in external sector, encompassing exchange rate management 

and current and capital account liberalization. While the Committee recommended complete 

current account convertibility, it suggested a very gradual approach towards capital account 

liberalization. The recommendations emphasized the need to shift away from debt crea

bt creating inflows, with emphasis on more stable long-term inflows in the form of 

foreign direct investment and portfolio investment. The Sodhani Committee (1995) on foreign 

exchange market made recommendations for the domestic banks to participate in the foreign 

exchange market with significant initiative and freedom. The recommendations include 

introduction of various products and removal of restrictions in foreign exchange markets to 

improve efficiency and increase integration of domestic exchange markets with foreign markets

The recommendations made by the Tarapore Committee (1997) on capital account convertibility 
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included the liberalization measures undertaken on the capital account relating to foreign dir

investment, portfolio investment, investment 

ect 

in joint ventures/wholly owned subsidiaries abroad, 

roject exports, opening of Indian corporate offices abroad, and some other measures. 

exchange rates 

for the Indian rupee against the US dollar over the period of 1978-2002. The official rate of the 

ell continuously from about 8 in 1978 to 49 in 2002. Corresponding, the 

 20 in 1978 to 47 in 2002. The depreciation of the nominal and the 

real rate was slow and steady be

p

Figure 2.3 charts the nominal and CPI-based (base year: 2000=100) real 

rupee against US dollar f

real exchange rate fell from

fore 1990 and became more drastic after the financial crisis in 

1991 with an annual depreciation rate averaging about 20 percent for the period of 1991-1993. 

While the devaluations of the nominal rate continued after 1993, the depreciation of the real rate 

has slowed down. The real rupee rate appreciated and then depreciated modestly due to the 

offsetting effect of domestic inflation rates.  

 

Figure 2.3: Nominal and CPI-Based Real Exchange Rates of Indian Rupee 
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Source: International Financial Statistics, IMF, various years.   
 

2.2.2 China 

China launched its foreign exchange market reform in the late 1970s. The objectives

to rationalize the level of the exchange rate, to make full use of the exchan

 were 

ge rate as an economic 

lever, and to establish a managed, uniform floating rate system while gradually rendering the 

Chinese currency convertible (Zhang, 2001). The first reform step took place in August 1979 
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when th

 

cial 

ange rate policies was the rapid development of the 

foreign

ich 

 this 

rice 

ange 

 with the weights being determined by the retention ratio.  

 

trols and resulted in a relatively free float of 

reign exchange regulated by supply and demand forces. Moreover, the swap market facilitated 

ciated 

secondary rate and information about the realistic level of the exchange rate. As a result, it 

improved the links between domestic and foreign prices and the effective exchange rate reflected 

domestic market conditions at the margin. 

                                                

e State Council decided to adopt a dual exchange rate system that went into effect on 

January 1, 1981. The dual exchange rate system consisted of an Internal Rate for Trade 

Settlement in parallel to the official exchange rate, where the internal settlement rate was set for 

trade transactions, while the official rates continued to be used for non-trade transactions.1 Once 

this internal rate was introduced, further efforts were directed to reforming the official exchange

rate itself. A number of devaluations took place in the early 1980s, which resulted in the official 

rate being at par with the internal rate by the end of 1984, effectively making the latter 

redundant. On January 1, 1985, the dual exchange rate was formally abandoned and the offi

exchange rate was devalued to the level of 2.80 yuan per US dollar. 

Accompanying the changes in exch

 exchange swap market. The basis for the swap market was foreign exchange retention 

schemes that allowed Chinese exporters to retain a portion of their export proceeds over wh

they had autonomy in spending. A market for the retained foreign exchange emerged first in 

1980; from 1985 the momentum of development quickened (Lin and Schramm, 2003). In

market, surplus units swapped their entitlement to foreign exchange with deficit units at a p

determined, more or less, by demand and supply. With the swap market, the effective exch

rate that Chinese exporters received was the weighted average of the official and the swap 

exchange rates,

Since 1985, while the official exchange rate was pegged, the swap exchange rate was free

to move to a certain extent, implying that the de facto exchange rate regime in China was 

somewhat flexible. The swap market has enabled a considerable proportion of foreign exchange 

(in its later days about 80% of China’s trade transaction) to be allocated through the market. This 

undermined China’s rigid system of exchange con

fo

the reform of the official exchange rate by providing exporters with a more depre

 
1 The internal settlement rate (2.80 yuan/dollar) was fixed on the basis of the cost of earning foreign exchange and 
had been lower than the official rates for the period of 1981-1984 (1.71 to 2.37 yuan/dollar). 
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However, China only officially admitted to a managed floating exchange rate regime in 

April 1991, in which the official rate was allowed to adjust continuously in small steps. In 

January 1994, coupled with a move to partial convertibility on current account, the official rate 

was unified with the swap rate and the new rate was allowed to fluctuate within a range 

according to market forces. The foreign exchange retention scheme was abolished and the 

foreign exchange swap business terminated accordingly. In late 1996, China accepted the 

obligations under Article VIII of the IMF’s Articles of Agreement and attained current account 

convertibility. 

Figure 2.4 shows the development of the nominal and CPI-based (base year: 2000=100) 

real exchange rate of the Chinese yuan for the period 1978-2002. The fluctuations of the Chinese 

yuan exchange rate during the recent decades are less uniform and exhibit a different pattern than 

inal devaluations and has had some cyclical 

effects on the behavior of 

 

the Indi pee. The inflation interacts with the noman ru

the real exchange rate.  

Figure 2.4: Nominal and CPI-Based Real Exchange Rates of Chinese Yuan 
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tional Financial Statistics, IMF, various years. 

1994 and it is characterized by repeated devaluations. In 1994, when the multiple exchange rates 

of the yuan were unified, a significant devaluation of the official rate occurred. The yuan vis-à-

vis US dollar rate fell almost 50 percent from 5.8 to 8.6. In the second phase starting from 1995, 

Source: Interna

 

There are two distinct phases for the nominal exchange rate. The first phase is from 1978-
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the official rate has been pegged at 8.3 yuan/dollar and fluctuates within a very narrow band.2 

The real exchange rate, on the other hand, has followed a number of depreciation-appreciation 

cycles. Following the nominal devaluations, the real exchange rate depreciated correspon

from 1978-1987 and from 1990-1994. The depreciation continued even after the nominal rate 

was fixed (1999-2002). Two strong appreciations occurred in 1988-1989 and again in 1995-

1997. Underlying these real exchange rate depreciation-appreciation cycles were the cyclical 

changes in China’s inflation rate which peaked in the late 1980s an

ding 

d mid-1990s.  

 

 

 the 1991 crisis were notably 

absent n 

5 

r, yet 

. It has the largest bovine herd in the world and is the biggest producer 

f milk. Table 2.5 gives levels of production of India’s top ten agricultural products in 2003 

the ten products, 

I rgest p n the wo r only for indigenous 

ca th ) t (third in the 

aditional crop nd li ts remain dom n agriculture, but the 

output position of the prod as changed in favor of 

high-va  commoditie ue to tion  relative prices of 

                                                

2.3 The Agricultural Sector3

2.3.1 India 

India has a large and diverse agriculture sector. Although agriculture in India has 

benefited indirectly from the exchange rate devaluation and liberalization of the industrial sector

in the early 1990s, major changes in the agriculture sector following

(Pursell and Gulati, 1995). As agriculture grew more slowly than the other sectors both i

the decades before and after the 1991 reforms, there has been a significant change in the 

structure of the economy. Between 1980 and 2001, agriculture declined from 38 percent to 2

percent of total GDP. Following reforms, growth has been strongest in the services secto

agriculture still employs nearly two-third of the total work force and contributes about 15 percent 

of the foreign export earnings (Mullen, Orden and Gulati, 2005).  

India is one of the world’s leading producers of many crops, including rice, wheat, coarse 

grains, pulses, and cotton

o

(ranked by value of production at international commodity prices). For eight of 

ndia is also the 

ttle m t (nin

first or second la

in the orld

roducer i rld. It ranks lowe

ea  w  and cotton lin world).  

Tr s a vestock produc inant in India

mix is changing rapidly. The com uction mix h

lue s d  rising incomes, urbaniza  and changing

 
2 A 2 percent depreciation occurred o ht the yuan om 8.3 to 8.1. Meanwhile, 
the centr ank (People’s B k of C d that the managed flo e rate regime would be 
strengthe  with more exc ge rat
3 Section .3 and 2.4 draw ensive

n July 21, 2005 that broug /dollar rate fr
al b an hina) announce ating exchang
ned
s 2

han
 ext

e flexibility.  
ly from Orden, et al. (2005). 
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cereals versus non-cereal foods (Joshi and Gulati, 2003). During the 1990s, high-value 

ore 

an double the rate registered by the cereal sector. The growth rates (measured by the gross 

ar during 

the 1990s (Figure 2.5).  

Table 2

agriculture, defined as fruits and vegetables, dairy, poultry, eggs, meat and fishery, grew by m

th

value of output) for fruits and vegetable, in particular, increased to over 6 percent per ye

 

.5: Production of Major Agricultural Commodities in India (2003) 

Rank in India 
Production  

Rank in World 
Production Product Production (MT)

1 2 Rice, Paddy 132,013,000 
2 1 Buffalo Milk 47,850,000 
3 2 Wheat 65,129,300 
4 2 Cow Milk, Whole, Fresh 36,500,000 
5 2 Vegetables Fresh nes 37,000,000 
6 2 Sugar Cane 289,630,016 
7 2 Groundnuts in Shell 7,500,000 
8 1 Chick-Peas 4,130,000 
9 9 Indigenous Cattle Meat 1,489,929 
10 3 Cotton Lint 2,100,000 

Note: Ranked in terms of value of production at international commodity prices. 
Source: FAO, 2004. 
 

Figure 2.5: Growth Rate of High-Value Agricultural Output in India (1990-2000) 
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India is als n im r and expo rious ral commodities. 

Durin he 1990s icul  at an an of 8.1 percent, compared to an 

annu te of 3.3 cen 0s. Althoug re of re in total exports has 

1990s, the diversification in 

ction has promoted exports of many non-traditional items (Mullen, Orden and 

tables or livestock 

and fish products. The export shipments of these commodities more than doubled during the 

19 eve ared to co ch as C  h nc f a 

sh com  of exports from land-intensive bulk commodities to labor-intensive 

products that mig e m  a smallholder dom ultural sy

Among India’s top export products, the traditional c ies a minant (Table 2.6). 

Agricultural impo  in I  relatively s ion o rchandise trade. In the 

period 1996/97 to 1999/2 ted 7 pe tal merch e 

imports (Mullen, Orden and Gulati, 2005). Palm oil and soybean oil are India’s top agricultural 

impo  and India  also econd  importer of these products (Table 

2.7). In recent years edib e accounted for over 50 percent of the to e of 

ural Commodities by India (2003) 

o a portant importe rter of va  agricultu

g t  agr tural exports grew nual rate 

al ra  per t during the 198 h the sha  agricultu

declined from 24 percent during the 1980s to 18 percent in the 

agricultural produ

Gulati, 2005). Historically, there were virtually no exports of fruits and vege

90s. How

ift in the 

r, comp

position

untries su hina, India as erienot exp ed as much o

ht b ore competitive for inated agric stem. 

ommodit re still do

rts ndia make up a mall port f total me

000, agriculture accoun  for 4 to rcent of to andis

rts,  is  the world’s first and s largest

le oil imports hav tal valu

agricultural imports.  

 

Table 2.6: Exports of Major Agricult

Rank in Rank in 
India 

Exports 
World 

Exports 
Product Quantity 

(MT) 
Value 

(1,000 US$) 
Unit Value 

(US$) 

1 2 Milled Paddy Rice 3,371,818 888,592 264 
2 5 Cake of Soya Beans 2,749,268 653,689 238 
3 9 Wheat 4,093,081 513,620 125 
4 1 Cáshew Nuts Shelled 98,546 360,994 3,663 
5 3 Tea 174,246 333,408 1,913 
6 1 Buffalo Meat 319,087 305,870 959 
7 6 Sugar Refined 882,775 191,300 217 
8 11 Tobacco Leaves 120,637 172,143 1,427 
9 9 Cotton Lint 159,379 163,047 1,023 
10 12 Coffee, Green 167,495 157,295 939 

Note: Ranked in terms of value of trade at international commodity prices. 
Source: FAO, 2004. 
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Table 2.7: Imports of Major Agricultural Commodities by India (2003) 

Rank in Rank in 
India 

Imports 
World 

Imports 
Product Quantity Value 

(MT) (1,000 US$) (US$) 
Unit Value 

1 1 Oil of Palm 4,026,436 1,808,277 449 
2 2 Oil of Soya Beans 993,498 565,440 569 
3 8 Cotton Lint 241,787 333,282 1,378 
4 1 Cashew Nuts 441,500 293,884 666 
5 1 Peas, Dry 700,017 161,851 231 
6 1 Beans, Dry 486,039 154,071 317 
7 1 Pulses nes 470,588 136,421 290 
8 1 Silk, Raw and Waste 9,258 134,983 14,580 
9 4 Fatty Acids Oils 338,991 118,437 349 
10 5 Wool, Greasy 25,728 94,308 3,666 

Note: Ranked in terms of value of trade at international commodity prices.  
Source: FAO, 2004. 

 

2.3.2 China 

th rate during 

t g from ouseho ystem and the rising 

agricu ces riculture has de ent years compared to 

other sectors of the economy. I  Chin tructure has been 

adjusted with agricultu  share  and the ratio of agr  in the total labor force 

dropping significantly, from 30 percent and 69 percent in 1979 to 16 percent and 50 percent in 

2000 (Sun, 2003). Although the rural sector’s share of population and agriculture’s share of 

employ nt in China are similar to those in India, China has  agrarian than India as 

indicate by the index revea ntage in products.4 This figure 

has halved from 1.32 in 1990 to 0.68 in 2001 for China, but has increase from 1.60 in 1990 to 

hina is a major producer of many important agricultural commodities and has remained 

largely

t 

 

Compared with India, China’s agricultural sector experienced higher grow

he early reform

l l pri

 years, benefitin

. But e gro

the farm h ld responsibility s

tura  th wth rate of ag creased in rec

n the last two decades, a’s economic s

ral  of GDP icultural labor

me  become less

d of led comparative adva  agricultural 

1.66 in 2001 for India (Anderson, 2003).  

C

 self-sufficient in food production. Table 2.8 shows the levels production of China’s top 

ten agricultural commodities in 2003. For eight of the ten commodities, China is also the larges

producer in the world. It ranks lower only for maize (after the U.S.) and sugar cane (after Brazil

                                                 
4 The revealed comparative advantage in agriculture is measured by agriculture’s share of the country’s exports 
relative to agriculture’s share of global merchandise exports. 
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and India). Apart from the commodities listed in Table 8, China is also a major producer of 

sorghum, millet, barley, peanuts and soybeans. In terms of cash crops, China ranks first in 

and tobacco and is an important producer of oilseeds, silk, tea, ramie, jute and hemp. The high 

levels of production in certain food commodities in China correspond to its domestic consumer 

tastes and preferences and the income levels. In China, about 70 percent of per capita food

consumption is allocated to grains (mostly rice and wheat) and vegetables. The share is much

lower for fruits, sugar, milk and meat. 

 

cotton 

 

 

able 2.8: Production of Major Agricultural Commodities in China (2003) 

Production  Production 

T

Rank in China Rank in World Product Production (MT)

1 1 Rice, Paddy 160,656,000 
2 1 Vegetab resh n 1les F es 37,000,000 
3 2 Maize 1 830,0015, 0 
4 1 Sweet Potatoes 1 643,0003, 0 
5 3 Sugar Cane 90,235,000 
6 1 Wheat 86,488,000 
7 1 Potatoes 72,022,000 
8 1 Watermelons 66,000,000 
9 1 Indigenous Pigmeat 45,313,844 
10 1 Cabbages 30,000,000 

N alue of production at inter al commodity pri
S

me growth in China has recently boosted the demand for foods that are 

high in protein and nutrients relative to those high in carbohydrates (Anderson, 2003). Within 

agricul k 

 

tinued to be highly regulated, whereas markets for horticultural, 

livestoc

n 

ote: Ranked in terms of v
004. 

nation ces. 
ource: FAO, 2

 

The strong inco

ture, such demand shift has stimulated major structural changes. For example, livestoc

and fish increased their share of agricultural output from less that 20 percent in the late 1970s to

40 percent by the late 1990s, while within the crop sub-sector, fruit and vegetable production 

grew much faster than grain output, as shown in Table 2.9. Prices and marketing of grain and 

oilseed products have con

k and fish products are mostly liberalized. This has accentuated the growth in output of 

the latter group relative to grain and oilseed output since the mid-1980s. The direct consumptio

of grain by rural as well as urban households has remained virtually unchanged. This is a 

consequence not only of incomes rising and shifting food preferences but also of population 
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growth slowing to less than 1 percent per year and of cuts in the implicit consumption subsidy 

for foodgrains (Anderson, 2003). 

 

Table 2.9: Composition and Growth of China’s Agricultural Production (1970-2000)  

 1970 1980 1985 1990 1995 2000 
Share of Agricultural Output Percent 
Crops 82 76 69 65 58 56 
Livestock 14 18 22 26 30 30
Fish  2 2 3 5 8 
Forestry 2 4 5 4 3 4 

 1979-84 1985-95 1996-2000 

 
10 

Output Growth Percent 
Grain 4.7 1.7 0.03 
Oilseed Crops 14.9 4.4 5.6 
Fruit and Vegetable 7.2 12.7 8.6 

6.5 
Fish 7.9 13.7 10.2 
Red Meat 9.1 8.8 

Sou erson

hina is a  a m l d ith m s 

expor going to n hbo ia. In 2004 ricultural exports totaled an 

estim d $30 bill  and orts $23 b lud nd fish p ts). 

China’s leading agricultu  of agr com in 2003 own 

in Table 2.10 and 2.11.  

he trade rn in agricultural products over t o d s shifted toward its 

comp tive advantage: China tends to import land-in mm rains, soybeans, 

etab

 (see Table 2.10 and 2.11). This pattern has been observed by a number of 

). For example, 

calculated by Huang and Rozelle (2002), the proportion of grain exports fell to 20 percent of 

total agricultural exports in the 1990s, from more than 40 percen  H  

an  aq ted for more than 80 percent 

late 1990s. By re-grouping trade data according to fa ty ion, Huan  

Roze (2002) fin hat ports of land-intensive bulk commodities, such as grains, 

rce: And

 
 (2003). 

C lso ajor player in world agricu tural commo ity market w ost of it

ts eig ring countries in As , China's ag

ate ion  its agricultural imp illion (inc ing fish a roduc

ral exports and imports icultural modities  are sh

T patte he past tw ecades ha

ara tensive co odities (g

cotton) and export labor-intensive commodities (fish, fruits, veg les, poultry, and processed 

agricultural goods

researchers (Ke, 2001; Huang and Rozelle, 2002; Tian, Zhang and Zhou., 2002

t in the 1980s. orticultural,

ima andl, uati prodc ucts accoun of agricultural exports in the 

ctor intensi  in product g and

lle d t China's net ex
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oilseeds, and sugar crops, have fallen, while exports e abor-inte  

commodities have risen. ng that in r orts of lab

inten e agricultu l pro a ha d as ter of s and-

intensive products including rice, maize, and wheat. W mount of wheat exports remains 

small ports of m ze a illio  ton . In th ear, 

 (Ta .  

Table 2.10: Exports of Major Agricultural Commodities by China (2003) 

of high valu  and more l nsive

It is also worth noti  recent yea s when exp or-

siv ra ducts keep growing, Chin s emerge  an expor everal l

hile the a

, ex ai nd rice totaled over 18.8 m n metric s in 2003 e same y

maize became the top export commodity in terms of trade value ble 2.10)
 

Rank in 
China 

Exports 

Rank in 
World 

Exports 
Product Quantity  

(MT) 
Value 

(1,000 US$) 
Unit Value  

(US$) 

1 2 Maize 16,399,453 1,766,830 108 
2 1 Crude Organic Materials 8,326 1,255,210 150,758 
3 7 Food Prepared nes 619,743 805,975 1,300 
4 1 Fruit Prepared nes 688,093 520,336 756 
5 2 Meat Canned Chicken 158,701 463,987 2,924 
6 6 Milled Paddy Rice 2,456,496 449,268 183 
7 1 Vegetables Prepared nes 578,249 431,001 745 
8 2 Tea 259,914 367,187 1,413 
9 1 Garlic 1,142,237 354,903 311 
10 1 Beans, Dry 946,455 332,740 352 

Note: Ranked in terms of value of trade at international commodity prices. 
Source: FAO, 2004. 
 

Table 2.11: Imports of Major Agricultural Commodities by China (2003) 

Rank in 
China 

Imports 

Rank in 
World 

Imports 
Product Quantity  

(MT) 
Value 

(1,000 US$) 
Unit Value 

(US$) 

1 1 Soybeans 20,741,007 5,416,861 261 
2 2 Oil of Palm 3,324,757 1,443,173 434 
3 1 Cotton Lint 870,059 1,162,801 1,336 
4 1 Rubber Natural Dry 1,073,460 1,050,335 978 
5 1 Oil of Soya Beans 1,884,320 1,014,970 539 
6 1 Hides Wet-Salted Cattle 532,023 711,741 1,338 
7 1 Wool, Greasy 116,913 613,264 5,245 
8 1 Fish Meal 802,843 518,409 646 
9 1 Crude Organic Materials 29,233 488,890 16,724 
10 6 Chicken Meat 565,082 412,121 729 

Note: Ranked in terms of value of trade at international commodity prices.  
Source: FAO, 2004. 
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2.4 Agricultural Policies and Reforms 

2.4.1 India 

Indian agricultural policy has long been characterized by border and domestic 

interventions aimed at protecting farmers from international price volatility. To achieve this goal 

the Government of India (GOI) has at various times implemented myriad policies including 

tariffs, quantitative import restrictions (QRs), import licensing, domestic marketing controls, and 

export restrictions. These controls have been implemented with a view toward the balance of 

domestic demand and supply, export potential, and the national balance-of-payment situation. 

There were sweeping reforms in exchange rate policies and a marked decline in industrial 

protection in 1991, but it was not until later in the decade that direct reforms began in 

agriculture. Agricultural reforms started at the border, with the opening up of rice exports in 

1994. In comparison, the reforms in the arena of domestic policy have been slow. These 

domestic policy reforms have been to a large extent a consequence of unilateral policy initiatives 

rather than the results of reduction commitments required under the WTO. 

 

Trade Policies 

Throughout much of the 1980s, restrictive import policies, direct export restrictions and 

the overvalued exchange rates imparted a considerable anti-trade bias to the Indian economy. 

The economic reforms introduced in 1991 initiated only a partial liberalization of India’s trade 

regime, mainly because the progress in phasing out QRs on consumer products, including 

agricultural products, was slow. Except for the liberalization of import licensing on sugar and 

cotton in 1994, the same year that exports of rice were opened up, most agricultural products 

remained subject to import controls. India’s import policy reform did not begin until the 

abolition of QRs was required under the WTO in 2001. Export controls in agriculture were also 

slow to be removed. 

The most important import policy features to occur during the post-crisis reform period 

are removal of QRs and the binding of tariffs at high rates. In 1997, with considerable 

improvement in its balance-of-payments situation, India agreed to phase out its QRs over a nine-

year period. Under a dispute settlement ruling by the WTO Appellate Body, India then had to 

accelerate lifting these measures to April 2001 (see Hoda and Gulati (2005) for details). 

Following the 1991 economic reforms, India also progressively trimmed the list of products that 
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were canalized (directed to state-owned enterprises (STEs)) for import. However, as late as 2002, 

imports of a few critical commodities continue to be controlled by the STEs. The export/import 

(EXIM) policy for 2002-2007 imposed further reform by retaining import monopolies only in 

respect of copra and coconut oil (State Trading Corporation, STC) and some cereals (Food 

Corporation of India, FCI) (GOI, 2001a).5  

In addition to removing QRs, India has also adopted modified tariff schedules. These 

have lowered tariff levels but generally retain the overall structure of bound tariffs notified after 

the WTO Uruguay Round: 100 percent for commodities, 150 percent for processed products and 

300 percent for edible oils. Departures from this pattern are mainly with respect of tariff lines 

that were negotiated as special cases. For example, in anticipation of the phasing out of QRs, 

India in 1999 renegotiated bound rates for some critical commodities. Among these items, lower 

bound rates apply to certain meats (35 percent), certain dairy products (40-60 percent), certain 

temperate zone fruits (30-55 percent), cereals (60-80 percent), rape seed oil (75 percent), 

soybean oil (45 percent), certain prepared meat and vegetable products (55 percent), certain fruit 

juices (85 percent), hides and skins (25 percent), and wool (25 percent). 

Exports of agricultural goods have been restricted through myriad controls that included 

prohibitions, licenses, quotas, marketing controls and minimum export prices (MEPs). The 

quantitative controls on exports were often administered through trading enterprises in the public 

and cooperative sectors, and were maintained, in principle, for the sake of domestic food 

security. Only a limited number of items, such as wheat and wheat products, barley, maize and 

other coarse cereals and their flours, ghee (butter oil) and hydrogenated vegetable oils were 

allowed for highly-regulated export subject to ceiling limits. Export licenses were generally 

required for products such as cattle, milk, cereals, edible oils, and pulses (Hoda and Gulati, 

2005). Simultaneously, with a view to improving export competitiveness, the GOI provided 

support to exports through three instruments: cash incentives to manufacturers of export oriented 

processed foods, subsidization of freight costs, and income tax exemption on export earnings 

(Hoda and Gulati, 2005).   

Following the 1991 economic reforms, India terminated its policy of granting cash 

incentives to exports, but retained income tax exemptions for profits from exports. India’s main 

                                                 
5 Use of import monopolies is consistent with Article XVII of GATT 1994 as long as the agencies that have been 
granted these monopolies have a free hand in importing the canalized products. Since import tariffs for the canalized 
products remained high in general, imports had not been taking place until the end of 2002. 
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agricultural export policy restructure then began to show signs of change with the 1994 opening 

up of exports of rice. Export policies have been progressively liberalized since then, barring the 

occasional reversal. Procedurally, the Ministry of Commerce, through the Director General of 

Foreign Trade, notifies the imposition or elimination of restrictions in order to promote exports 

while ensuring an “adequate” domestic supply of essential commodities at “reasonable” prices.  

The policy reforms leading to the liberalization of exports include reductions in products subject 

to state trading, relaxation of export quotas, the abolition of MEPs, and increased credit 

availability for exports. However, the GOI retains the authority to re-impose minimum export 

prices at its discretion.  

   
Domestic Policies 

In India, domestic support for agriculture has been provided mainly through two 

channels: Minimum Support Price (MSP) guarantees for basic staple commodities and provision 

of inputs subsidies. In addition, a complex array of other policy instruments has been employed. 

India has witnessed only limited progress in reforms in the agricultural sector since economic 

reforms were launched in 1991. For example, only recently were steps taken to remove some of 

the countless marketing restrictions that exist. Notable among these, the Milk and Milk Products 

Order (MMPO) was reformed in July 2001 and March 2002 to eliminate restrictions on 

investments in new processing capacity (GOI, 2001b). Other notable developments include 

removal in February 2003 of licensing requirements, stocking limits, and movement restrictions 

of wheat, paddy/rice, coarse grains, edible oilseeds and edible oils under the Essential 

Commodities Act of 1955. In February 2003, remaining restrictions were removed on futures 

trading on 54 commodities, including wheat, rice, oilseeds and pulses that had been prohibited 

under the Forward Contract (Regulation) Act of 1952. Despite these market-oriented reforms, 

India’s domestic agriculture policies in recent years have resulted in increased government 

procurements of food grains and expansion of input subsidies for fertilizer, electricity and 

irrigation.  

 The domestic price support policies for agriculture have remained largely unaffected by 

the economic reforms of 1991. Basic staples in India continue to be subject to MSP guarantees. 

These commodities include paddy rice, wheat, coarse cereals, maize, barley, pulses (i.e. gram, 

arhar moong, urad), sugarcane, cotton, groundnuts, jute, rapeseed/mustard, sunflower, soyabean, 
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safflower, toria, tobacco, copra, sesamum, and niger seed (GOI, 2001c). The stated objectives of 

the agricultural price policy are to ensure remunerative prices to the farmers, even out effects of 

seasonality, and promote agricultural diversification, although the guaranteed prices can be 

below prices prevailing in markets (GOI, 2001c).  

For horticultural and other agricultural commodities not covered by the MSP, there is a 

Market Intervention Scheme (MIS) of somewhat ad hoc support measures. Under the MIS, if the 

price of a commodity falls below a specific “economic” level the GOI can intervene, at the 

request of the state governments, by purchasing the product at intervention prices that do not 

exceed the cost of production.  Losses incurred in implementing the MIS are shared equally 

between the central and state governments. Since 1998, the MIS has been used to support a 

number of horticultural products, including oranges, coriander seed, apples, oil palm, potatoes, 

red chilies, areca nut, ginger, and onions (WTO, 2002).  

Key subsidies to farmers in India have been through interventions in fertilizers, electrical 

power and irrigation. These subsidies began to increase in the mid 1980s, and have continued to 

climb in current and constant (real) value (Table 2.12). In recent years, these input subsidies have 

reached the point of potentially being fiscally unsustainable and subsidies for fertilizer, power 

and irrigation have also become environmentally harmful (GOI, 2002). The GOI claims to be 

gradually moving towards a more deregulated regime while emphasizing the need for investment 

in power, irrigation and rural infrastructure. In the budget speech for 2002-03, for example, the 

Minister of Finance highlighted, inter alia, an increased allocation of resources for rural roads, 

irrigation and credit, electrification of villages, rural employment (including through payment in 

the form of foodgrain), and measures to improve diversification of crops.6  

In addition to the fertilizer, electrical power and irrigation interventions, there are a 

number of other input subsidy programs. Preferential agricultural credit provided through 

concessional interest rates, while once a substantial input subsidy, has been progressively phased 

out. There are also several different kinds of subsidies on seeds. In the area of broader rural 

development, a Rural Infrastructure Development Fund (RIDF) has a cumulative value from its 

inception in 1995-96 to January 3, 2003 of Rs. 285 billion (GOI, 2003). In the budget speech of 

2002-03, it was announced that the assistance to states provided through RIDF would be linked 

                                                 
6 To encourage capital investments by farmers the 2002-03 budget also proposes a reduction in import duty on 
agricultural machinery and implements from 25 percent to 15 percent (GOI, 2002). 
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to reforms in the agriculture and rural sectors. Yet, at least 60 percent of the RIDF for 2003-04 

will be directed toward irrigation, flood control, agriculture and allied activities and power 

systems (NABARD, 2003). 

 
Table 2.12: Estimated Input Subsidies in India (1980/81-2002/03)  

Years Fertilizer Power Irrigation Total 
 ----------(in Rs. billion)---------- at current 

prices (Rs.bill)
at 2000-2001 prices 

 (Rs.bill) 
1980/81 - 3.68 4.12 7.8 43.9 
1981/82 2.33 4.47 4.58 11.4 58.2 
1982/83 0.82 5.83 5.42 12.1 57.4 
1983/84 2.15 7.67 6.32 16.1 70.8 
1984/85 12.12 9.97 7.25 29.3 119.7 
1985/86 14.22 13.04 7.44 34.7 131.7 
1986/87 -0.72 17.06 10.78 27.1 96.6 
1987/88 5.27 25.35 19.72 50.3 165.2 
1988/89 18.97 30.07 23.54 72.6 187.8 
1989/90 28.58 35.94 23.09 87.6 208.4 
1990/91 45.58 46.21 25.71 117.5 253.0 
1991/92 35.07 58.84 28.68 122.6 231.9 
1992/93 32.61 73.44 32.88 138.9 241.7 
1993/94 33.52 89.57 34.41 157.5 250.1 
1994/95 78.89 112.00 39.54 230.4 334.3 
1995/96 96.94 138.38 44.12 279.4 371.8 
1996/97 96.32 155.85 44.39 296.6 367.3 
1997/98 81.59 190.21 46.56 318.4 369.6 
1998/99 83.14 224.96 49.37 357.5 384.5 

1999/2000 62.07 262.71 52.18 377.0 390.1 
2000/01 72.61 288.14 54.95 415.7 415.7 
2001/02 67.34 319.79 57.76 444.9 428.3 
2002/03 69.97 356.75 60.56 487.3 453.4 

Source: Mullen, Orden and Gulati (2005).  
 

2.4.2 China 

Agricultural policies in China have experience two distinct periods since the country was 

founded in 1949. From 1949 to 1978, China’s agricultural polices were set within the Soviet-

style centralized command and control system that had been affected by a series of political and 

ideological campaigns, five-year plans, and various other ad hoc policies. Economic reforms 
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initiated in 1978 brought rapid economic growth in China, and the agricultural sector witnessed 

major changes in policies that gradually shifted from central planning to more reliance on market 

mechanisms. Today, China maintains a dual system of a "socialist market economy" with an 

increasing role of markets and individual households in the agricultural sector. State controls 

through procurement, distribution and fixed pricing are still existent but restricted to only a few 

core commodities such as rice and wheat, primarily to guarantee sufficient grain supply for urban 

consumers at low prices. The liberalization process also features the major changes in 

agricultural trade policies. The highly monopolized foreign trade operation system has been 

gradually decentralized, and direct trade planning has been replaced by indirect trade policy 

instruments. With an emphasis on further market liberalization, recent domestic agricultural 

policy reforms in China focus on direct subsidies to farmers, agricultural tax elimination, large 

public investment, and rural financial institutions construction. Trade policy reforms, after its 

WTO accession, include lowering tariff and non-tariff trade barriers and eliminating agricultural 

export subsidies. 

 

Trade Policies 

China’s agricultural trade policies, as part of an agricultural policy stance geared towards 

protecting agriculture in order to maintain self-sufficiency in agricultural supply especially in 

food grain production, has moved slowly in removing restrictions and reducing protection. 

Comparing to others, the tariff rates for agricultural commodities have been higher and licensing 

and quotas are more prevalent. China’s accession to the WTO in 2001 has brought about new 

implications in the formation of its agricultural trade policies. And as part of its commitment, 

China has agreed to reduce its agricultural protection and trade barriers in all three areas, 

including reducing barriers to agricultural imports, expanding and creating new market 

opportunities for exporters, eliminating export subsidies, and capping and reducing trade-

distorting domestic support for agriculture.  

According to its WTO accession commitments reached in bilateral negotiations with the 

US, China has planned to substantially cut import tariffs for fruits, alcoholic drinks, meat, dairy 

products and other agricultural commodities. The average tariff rate of all agricultural 

commodities is to be reduced from 31 percent in 2000 to 17 percent in 2004. For over 80 

agricultural products of special interests to US, the average tariff will be lowered from 31.5 
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percent to 14.5 percent in 2004. For some major agricultural products, including meat, fruit and 

dairy products the cuts in tariff are even greater (Table 2.13). 

 

Table 2.13: Selected Tariff Cuts for China 

Item 2000 2004 
Beef 45 12 
Pork 20 12 

Poultry 20 10 
Citrus 40 12 
Grapes 40 13 
Apples 30 10 

Almonds 30 10 
Wine 65 20 

Cheese 50 12 
Ice cream 45 19 

Source: USDA, 2005 

 

China has also progressively taken measures to eliminate export subsidies since the early 

1990s. Initially, China fixed its export subsidy for 1988-1990 to a level equal to about 4 percent 

of the total export value in 1987 in order to curb the rising trend of the subsidy (Huang, et al., 

2003). In 1991, the government decided to phase out export subsidies to all Foreign Trade 

Corporations (FTCs) and make them completely responsible for profits and losses. In its WTO 

accession protocol, China has promised to eliminate export subsidies for all agricultural 

products.  In addition, China has agreed to replace the current quota and licensing system with a 

transparent TRQ regime for wheat, rice, maize, edible oils, sugar, cotton and wool, domestic 

production of which in aggregate comprises about one-sixth of China’s agricultural GDP. The in-

quota tariff rate ranges from 1 percent for grains and fibers, 9 percent for vegetable oils, to 20 

percent for sugar. The over-quota tariff is prohibitively high, reaching over 70 percent for most 

commodities in 2002. The quota volumes were set to grow over 2002-2004 at annual rates 

ranging from 5 to 19 percent (Table 2.14). 

China has also committed in its WTO accession that the state trading enterprises will 

phase out (except for tobacco): even though some will continue to operate, there will be 

competition from private firms in the importing and exporting of farm products. China’s new 

TRQ system stipulates that a predetermined share of the within quota imports is reserved for 
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private import companies. It is fixed for some commodities but rises in equal increments for 

other commodities over the implementation period (Table 2.14). Any portion of the within-quota 

quantity reserved for state trade enterprises that is unused after three quarters is reallocated to 

private import companies. These features are geared towards creating competition among 

importers in China, as well as providing incentives for state trading companies to fully meet 

domestic demand and be more responsive to the needs of end-users. 

 

Table 2.14: China’s TRQ System for Selected Commodities 

Commodity Quota Amount 
(mil tons) 

In-quota Tariff
(%)

Over-quota Tariff 
(%)

Private Share 
(%) 

 2002 2004  2002 2004 2002 2004 
Wheat 8.47 9.64 1 71 65 10 10 
Corn 5.85 7.20 1 60 40 33 40 
Rice* 3.99 5.32 1 60 40 50 50 
Cotton 0.82 0.89 1 54 40 67 67 

Veg. Oil** 5.69 7.31 9 75 25 60 90 
Sugar 1.76 1.94 20 70 65 50 90 

Note: *Short and medium-grain rice. **The final year of implementation for vegetable oil is 2005, for 2006 the 
TRQ is eliminated, converting to 100 percent private trade with a tariff rate of 9 percent. 
Source: Tuan and Hsu (2001). 

 

Domestic Policies 

During the pre-reform era, China’s socialized agricultural sector was characterized by 

large scale production where farmers were organized on collectivized land or communes. 

Agriculture was squeezed at early stages of industrialization with gross fiscal contributions to the 

sector being more than outweighed by implicit taxation in the form of depressed prices for farm 

products, neglect of public infrastructure in rural relative to urban areas, and capital outflows via 

the financial system (Huang and Ma, 1998). The domestic agricultural policy reforms started in 

1981 with the establishment of the now well-known Household Responsibility System (HRS) 

which granted production decision-making power to the farm households and allowed farmers to 

sell surplus crops freely at market-determined prices only after they had fulfilled their 

obligations under the state order system. Since then, household responsibility has been the 

nationwide statutory pattern of agricultural land tenure, and after four years of implementation, 

more than 99 percent of the production units had adopted such system by 1984.  
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Although early reforms in agriculture centered on decollectivization and increasing 

incentives to farmers, later reforms have attempted to gradually liberalize markets and prices (de 

Brauw, Huang and Rozelle, 2002). Market liberalization began with non-strategic crops 

including fruits, vegetables, fish and livestock (Huang and Rozelle, 2002). Market reforms 

continued intermittently throughout the 1980s and 1990s with progress depending on the stability 

of production and food prices. Despite periodic delays in the reform process, markets have 

gradually emerged in China’s agricultural sector. According to Lardy (2001), the share of the 

agricultural commodities sold through markets was just 6 percent in 1978, and this share 

increased to 40 percent by 1985, 79 percent by 1995, and 83 percent by 1999.  

China now allows most agricultural prices to be set by market forces, but the government 

intervenes in various ways to stabilize markets. The state procurement and distribution systems 

were substantially liberalized in the early 1990s following several years of market stability. 

However, when food price inflation appeared in 1994, the government reinstated compulsory 

grain procurement (Huang and Rozelle, 2002). The Governors’ Grain-Bag Responsibility System 

(GGBRS), introduced in 1995 shifted the responsibility of management of grain supplies from 

the central government to the provinces and mandated that the provinces maintain an overall 

balance of grain supply and demand and use local reserves to regulate markets and stabilize 

prices. In late 1997, the national government reinstalled a scheme of so-called “protection 

prices” for grains, in order to protect grain producers. Protective prices were prices set by the 

government, at which the state guaranteed to purchase all output of specific commodities offered 

for sale to the state.  

Over the past several years, China has also been trying to abolish the procurement 

protection prices for most agricultural commodities (Gale, Lohmar and Tuan, 2005).7 By 2003, 

protection prices remained for grain only in important production areas, and most of those were 

eliminated in 2004. In 2004, the government maintained minimum “protection prices” for only 

rice, spurred by concerns about rising rice prices and spot shortages of rice in 2004. The setting 

of protection prices for rice reflects the political sensitivity of rice, the staple food grain 

throughout much of China. However, market prices rose 40-50 percent between 2003 and 2004 

                                                 
7 Other agricultural commodities such as tobacco and sugar are still under government control. Tobacco remains 
subject to a state monopoly under which the state purchases all raw tobacco grown in China, at prices determined by 
the National Tobacco Monopoly Bureau (NTMB). Similarly, sugar cane and sugar beets are subject to state pricing, 
with these crops being purchased by a state owned sugar processing sector. 
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to levels well above the protection price. Grain prices are now mostly set in open markets, and 

government procurement prices appear to be following market prices.  

In China, various agricultural subsidy schemes exist in a number of broad areas including 

production, marketing and rural development. However, these subsidies have been realized 

mainly through channels other than direct payments to the farmers. For example, most 

agricultural subsidies were paid to intermediate sectors, such as state-owned grains enterprises, 

the Agricultural Development Bank of China, state-owned chemical fertilizer plants, and seed 

companies. In 2004, China introduced its first nationwide direct subsidies for farmers.8 

According to China’s Finance Ministry, the total grain subsidies reached 11.6 billion RMB ($1.4 

billion) (Table 2.15). Other forms of subsidies still exist, including agricultural tax reduction, 

subsidies for purchasing improved quality grain and soybean seeds, subsidies for purchasing 

machinery for target areas, and rural infrastructure spending on irrigation facilities, rural 

hydroelectric plants, rural roads, methane production facilities, research, and construction of 

agricultural high technology parks (Gale, Lohmar and Tuan, 2005). 

 

Table 2.15: China’s Agricultural Subsidies in 2004 

Policy Estimated Cost Description 

Grain subsidies $1.4 billion Direct payments of roughly $7.33 per acre 
planted in grain 

Agricultural tax reduction $5-7 billion 
Elimination of agricultural tax within 5 years. 
Elimination of tax on specialty crops (except for 
tobacco) 

Seed subsidies $193 million Subsidies for high-quality grain and soybean 
seeds of $7-10 per acre planted. 

Machinery subsidies $5 million Subsidies for purchase of machinery in targeted 
areas. 

Rural infrastructure spending $18 billion 
Improvement of irrigation facilities, electricity 
generation, roads, testing facilities, and other 
rural infrastructure. 

Source: Gale, Lohmar and Tuan (2005). 

                                                 
8 Experimental programs started in 2002 in selected major grain-producing counties of Jilin, Anhui, Henan, and 
Hubei Provinces (Gale, Lohmar and Tuan, 2005). 
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3. Equilibrium Exchange Rates: An Analytical Model 

To address the effects of exchange rate misalignments on agriculture support levels 

measured by the PSE, the first task is to establish the exchange rate equilibrium. There is no 

simple answer to what determined the equilibrium exchange rate. Estimating equilibrium 

exchange rates and the degree of exchange rate misalignment remains one of the most 

challenging empirical problems in open-economy macroeconomics (Williamson, 1994). The 

fundamental difficulty is that the equilibrium value of the exchange rate is not observable. 

Exchange rate misalignment refers to a situation in which a country’s actual exchange rate 

deviates from such an unobservable equilibrium. An exchange rate is labeled “undervalued” 

when it is more depreciated than this equilibrium, and “overvalued” when it is more appreciated 

than this equilibrium. But unless the “equilibrium” is explicitly specified, the concepts of 

exchange rate misalignment remain subjective.  

The issue is further complicated by the fact that differences exist in the notion of 

exchange rate equilibrium and misalignment for which they are defined over different time 

horizons. At one level one might argue that since the actual exchange rate is determined 

continuously in foreign exchange markets by the supply and demand for currencies, the 

exchange rate will always be at its equilibrium value. This is clearly linked to what Williamson 

(1985) distinguishes as the “market equilibrium exchange rate”, which is the one that balances 

demand and supply of the currency in the absence of official intervention. It is in this sense that 

the distinction between the actual exchange rate and the equilibrium exchange rate is not one 

between disequilibrium and equilibrium, but rather between different types of equilibriums 

(Hinkle and Montiel, 1999).  

Two other types of equilibrium exchange rates and misalignments can be defined which 

differ according to the time dimensions to which they apply. A current equilibrium is defined as 

the exchange rate which would pertains when its fundamental determinants are at their current 

settings after abstracting from the influence of random effects (for example from the effect of 

asset market bubbles). The current equilibrium value depends on short-run fundamentals at their 

actual values. At this time horizon, i.e., short-run, both nominal and real rigidities may exist in 

determining equilibrium exchange rates. A current misalignment is defined as the difference 

between the actual exchange rate and the current equilibrium given by the current values of all 

the economic fundamentals. A long-run equilibrium is defined as the point when stock-flow 
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equilibrium is achieved for all agents in the economy. Nominal and real rigidities are washed out 

at this time horizon, and the equilibrium exchange rate is determined by the steady state values 

of the economic fundamentals. A total misalignment is thus defined as the difference between 

the actual exchange rate and the long-run equilibrium rate.  

This section starts with a brief review of recent literature on equilibrium exchange rate 

modeling, followed by a presentation of an analytical model. Since the focus of this study is the 

“long-run”, and unless otherwise noted, the exchange rate equilibrium and misalignment in all 

the analysis refer to long-run equilibrium and total misalignment which are determined by the 

long-run steady-state values of the economic fundamentals. 

 

3.1 A Review of Literature 

The Purchasing Power Parity (PPP) is a natural starting point to begin any consideration 

of equilibrium exchange rates because it is the basis of many structural exchange rate models and 

a good benchmark for comparing with more complex methodologies. The theoretical rationale 

behind the PPP is given as arbitrage in markets for individual commodities. If sufficient arbitrage 

exists, the forces of supply and demand will equalize prices, so that the law of one price (LOOP) 

holds. Since the PPP is based on general price levels, the conditions for PPP to hold often go 

beyond the single-commodity-based LOOP.9 In reality, these conditions hardly hold, which leads 

to deviations of PPP. There are also reasons why the LOOP itself may not hold and this in turn 

could be linked to the failure of PPP.10   

More sophisticated theory of exchange rate determination evolved rapidly after the World 

War II and major breakthroughs were made in the early 1960s, primarily by Mundell (1961, 

1962, and 1963) and Fleming (1962), who extended the classical Keynesian IS-LM approach by 

introducing international trade and capital flows into the analysis. The Mundell-Fleming model 

played an important role in the exchange rate literature until the mid-1970s when efforts of 

exchange rate modeling switched toward the “monetary” or “asset” approaches that emphasized 

the importance of stock-flows in the determination of exchange rate (Frenkel, 1976; Dornbusch, 

                                                 
9 For PPP to hold, the consumption baskets should be identical, or equivalently, the consumer preferences are 
identical across countries, and countries produce the same goods. In addition, every good or service should be 
tradable so that LOOP holds for all commodities. 
10 The reasons include the existence of transport costs, tariff and non-tariff barriers, pricing-to-market and imperfect 
exchange rate pass-through, the existence of menu cost, and the entry and exit decisions of firms (MacDonald, 
1999).  
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1976; and Frankel, 1979). For the past three decades, the flexible and sticky price versions of the 

monetary models and their other variants have been dominant in the theoretical literature of 

exchange rate modeling. However, the poor empirical performances of the monetary models, 

especially highlighted by the fact that they can hardly beat a random walk (Meese and Rogoff, 

1983), as well as their lack of micro-foundations (Obstfeld and Rogoff, 1995), had led to other 

theoretical development, such as the “real equilibrium model” by Stockman (1980 and 1988), the 

“redux model” by Obstfeld and Rogoff (1995), and the “liquidity model” by Grilli and Roubini 

(1996). 

While some of these exchange rate models remain largely theoretical, others have been 

used extensively in empirical analysis (see Sarno and Taylor, 2003 and Cheung, Chinn and 

Puscual, 2004). For example, the monetary models and their foundation PPP are widely used in 

operational applications to estimate equilibrium exchange rates in both industrial and developing 

countries, particularly when the data or time required for implementing more complex models 

are not available.11 Typical in these analyses is the specification of a regression that links 

nominal exchange rate with monetary variables such as money supply, price levels, etc. Other 

models, such as the macroeconomic balance approach building upon the Mundell-Fleming 

framework, are also popular methods of estimating the equilibrium exchange rate (see 

MacDonald and Stein, 1999 for a review). The macroeconomic balance approach calculates the 

equilibrium exchange rate that is consistent with the economy operating at capacity output and a 

sustainable current account position (or internal and external balance).12  

One strand of the literature that originates from the earlier work of Edwards (1989, 1994) 

has gained prominence over the past decade and been frequently used in research and policy to 

address issues of exchange rate equilibrium and misalignment in the developing countries. 

Equilibrium exchange rates in such real equilibrium model are derived from a theoretical 

framework that maximizes representative agent’s intertemporal utility subject to budget 

                                                 
11 Although early studies (e.g. Meese and Rogoff, 1983) found little empirical support for these models based on 
data from the post-1973 period of floating exchange rates, the development of modern econometric techniques and 
the availability of better data have brought in new impetus. Using long span and/or panel data as well as different 
time series techniques, some recent studies (e.g. Lothian and Taylor, 1996; MacDonald, 1996; Oh, 1996; O’Connell, 
1998; Mark and Sul, 2001) have reported success for the PPP and monetary models.  
12 The approach starts from the specification and estimation of equations in their structural forms (i.e. in terms of 
trade equations, pricing relationships, expenditure functions, current account relationships, etc.), and then inverts the 
model so that the real exchange rate is expressed in terms of fundamental variables. The Fundamental Equilibrium 
Exchange Rate (FEER) model by Williamson (1985 and 1994) is a representative macroeconomic balance model. 
The Natural Real Exchange Rate (NATREX) by Stein (1994) is closely related to the FEER approach. 
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constraints (Edwards, 1989, 1994; Agenor and Hoffmaister, 1996; Agenor, 1998; Hinkle and 

Montiel, 1999). The reduced form solution of the model, or the so-called “single equation 

approach”, relates the long-run equilibrium real exchange rate to a set of steady-state values of 

supply-side, demand-side and policy variables (real economic fundamentals).13  

Although the real equilibrium approach is not free from its own limitations, it has several 

methodological advantages over other approaches. First, the underlying theoretical model of this 

approach is based on an explicit representative agent choice-maximization framework which 

incorporates both private and government intertemporal budget constraints. The built-in 

microfoundation makes this approach preferable to the ad hoc approaches such as the monetary 

models. Second, unlike the PPP or the monetary models, the real equilibrium approach allows 

the equilibrium real exchange rate to be determined by economic fundamentals and to change 

over time.14  Third, the approach requires fewer time series data making it empirically more 

appealing than the macroeconomic balance approach.15  

 

3.2 The Real Equilibrium Exchange Rate Model 

Based on the previous work by Edwards (1989; 1994), Agenor and Hoffmaister (1996), 

Agenor (1998), and Hinkle and Montiel (1999), this section presents an optimizing model that is 

designed to identify the determinants of the long-run equilibrium real exchange rate in the single-

equation approach. In the following analysis, a representative developing economy is assumed 

with three types of agents (the producer, the household, and the government), a predetermined 

nominal exchange rate, an open financial market, and flexible domestic wages and prices.16  

 

3.2.1 The Agents and Equilibrium Conditions 

Producer 

 The domestic supply side consists of a traded good sector (T) and a non-traded good 

sector (N). Output in each sector is produced with fixed, sector-specific capital input and 

                                                 
13 The Behavioral Equilibrium Exchange Rate (BEER) model developed by Clark and MacDonald (1999) is similar 
to the specification of the single equation model. But the theoretical underpinning for the BEER is the simple 
uncovered interest parity (UIP) condition, adjusted for the existence of a time varying risk premium (Clark and 
MacDonald, 1999). 
14 In contrast, the PPP or the monetary models assume that the real exchange rate is fixed or at least stationary.  
15 The general-equilibrium framework for the macroeconomic balance approach involves a large amount of model 
simulations and parameter estimations, and usually a large data set is necessary.   
16 Flexible wages and prices are consistent with the long-run analysis. 
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homogeneous, perfectly mobile labor input. The production function is characterized by 

decreasing returns to labor such that: 

( )i i iy y L= , 0iy′ > , 0iy′′< , ,i T N=  

The producer maximizes the profit by: 

max ,  ,
i

i i iL
p y wL i T N− =  

where ip  is output price and w  is nominal wage. Let w  denote the real wage measured in terms 

of traded goods and e the real exchange rate measured as the ratio of the price of traded over 

non-traded goods. The first order conditions for profit maximization in both sectors are: 

(3.1) ( )T T
T

wy L w
p

′ = =  

(3.2) ( )N N
N

wy L ew
p

′ = =  

Equations (3.1) and (3.2) imply the labor demand functions:  

( )T TL L w= , ( )N NL L ew= , ,  0T NL L′ ′ < .  

Labor market equilibrium requires that 

(3.3) ( ) ( )T NL w L ew L+ =  

where L is the fixed labor force. Equation (3.3) implies that the equilibrium real wage is a 

decreasing function of the real exchange rate:  

(3.4) ( )w w e= , with 0N

T N

wLw
L eL

′−′ = <
′ ′+

 

Using the result in (3.4), the sectoral supply functions are: 

( )( )( ) ( )T T T Ty y e y L w e= = , ( ) 0T T Ty e y L w′ ′ ′ ′= >  

( )( )( ) ( )N N N Ny y e y L ew e= = , 2

( )( ) 0N N N
N

y L w ew e yy e
e

′ ′ ′+ −′ = <  

Aggregate real output (y) measured in terms of traded goods is thus: 

( )( ) ( )( )( ) ( ) ( ) /T T N Ny y e y L w e y L ew e e= = +  
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UHousehold 

 The representative household receives income from production and derives the utility 

from consuming both traded and non-traded goods. Specifically, the consumption decisions 

follow a two-step process: in the first step the household determines the optimal level of total 

consumption (c), and in the second step allocates that amount between traded ( Tc ) and non-

traded ( Nc ) goods (Agenor, 1998). It can be shown that the two-step optimization process can be 

carried out in a reverse order and this analysis starts with the second step.  

Suppose that the household’s first-step optimal total consumption level c (measured in 

terms of traded good) has been chosen. The utility maximization problem in the second step is: 

,
max ( , )

. . 
T N

T Nc c

T T N N T

u c c

s t c p c p cp+ =
 

For simplicity, a constant relative risk aversion (CRRA) utility function is assumed such that: 

(3.5) 
( )11 1

( , )
1

T N
T N

c c
u c c

σθ θ

σ

−− −
=

−
  

where the parameter θ  is the share of traded good consumption in total consumption expenditure 

and σ  is the inverse of the intertemporal rate of substitution. Given the specific utility function 

form, the maximization problem gives the optimal consumption of traded and nontraded goods 

shown in (3.6): 

(3.6) 
(1 )

T

N

c c
c ec

θ
θ

=
= −

 

where c can be shown alternatively as: 

/T Nc c c e= +  

Substituting results in (3.6) into (3.5), one can rewrite utility function as: 

(3.7) 
( )11 1

( , ) ( )
1T N

e c
u c c v c

σθκ

σ

−− −
= =

−
 

where 1(1 )θ θκ θ θ −= − . 

Now move back to the household’s first step maximization problem. Suppose the 

household has net asset (a) consisting of domestic money (m) and foreign bond ( Hb )TP

17
PT: 

                                                 
TP

17
PT The inclusion of domestic bond does not change the analysis. 
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(3.8) Ha m b= +  

The foreign bond pays the foreign nominal interest rate *i .TP

18
PT The accumulation of net household 

asset over time is the sum of household saving and net real capital gains and losses: 

(3.9) *( ) (1 )Ha y i b t c aε τ π= + + − − + −  

where a  is the change of net asset over time, ε  is the depreciation of nominal exchange rate, t is 

the real lump-sum tax, τ  is the transaction cost per unit of consumptionTP

19
PT, and π  is the domestic 

inflation rate. The domestic and foreign interest rates i  and *i  are related by uncovered interest 

parity: 

(3.10) *i i ε= +  

If r denotes the real interest rate of the domestic country, equation (3.8), (3.10), and the fact that 

r i π= −  can be used to rewrite the budget constraint as:  

(3.11) (1 )a y ra t im cτ= + − − − + . 

Combining (3.7) and (3.11), the first-step utility maximization for the household can be 

expressed as: 

(3.12) 
( )11

,
0

1
max exp( )

1

. . (1 )

c m

e c
t dt

s t a y ra t im c

σθκ
ρ

σ

τ

−−∞ ⎡ ⎤−⎢ ⎥ −
⎢ ⎥−
⎣ ⎦
= + − − − +

∫  

The Hamiltonian for this problem can be written as: 

(3.13) 
( ) [ ]

11 1
exp( ) (1 )

1

e c
H t y ra t im c

σθκ
ρ λ τ

σ

−−⎡ ⎤−⎢ ⎥= − + + − − − +
⎢ ⎥−
⎣ ⎦

 

with control variables c and m, state variable a, and costate variable λ . The first order conditions 

yield: 

(3.14a) 1 1( ) exp( ) (1 ) 0c
mH e c e t
c

θ σ θκ κ ρ λ τ τ− − − ′= − − + − =  

                                                 
TP

18
PT The interest rate at which residents of the country can borrow from the world reflects a risk premium (p), which is 

an increasing function of the share of the country’s liabilities. This is expressed in the following supply-of-funds 
schedule which related the foreign interest rate confronted by the country, *i , to the country’s net international 
indebtedness, b (discussed later), and the world financial conditions measured by the world interest rate wi : 

* ( )wi i p b= + , (0) 0p > , 0p′ < , where 0b >  represents net creditor and 0b <  represents net debtor. 
TP

19
PT Following Hinkle and Montiel (1999), a transaction cost (incurred in traded goods) is included which is defined as 

( , )T T m c= . Further assume that ( / )T c m cτ=  with 0τ ′ <  and 0τ ′′ > . 
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(3.14b) ( ) 0mH iλ τ ′= − − =  
(3.14c) aH rλ λ− = − =  

as well as the transversality condition lim( ) 0aλ
∞

= . Equation (3.14b) implicitly defines a money 

demand function ( )m i
c

τ ′ = − , which can be rewritten as: 

(3.15) ( , ) ( )m m c i ch i= = − , 1 0m > , 2 0m <  

where (.)h  is an inverse function of (.)τ ′ . Equation (3.15) and the first order conditions (3.14a-

c) imply that: 

(3.16) 1 ( )/
1 ( )

c ih ir e e
c ih i

σ γ ρ
τ

− ⎡ ⎤−
= + − −⎢ ⎥+ + −⎣ ⎦

 

 

UGovernment 

In addition to levying a lump-sum tax and purchasing traded and non-traded goods, the 

“government” in our model also incorporates the role of the central bank by issuing money and 

maintaining exchange rate parity. Similar to the household, the government also holds foreign 

bond ( Gb ). The budget constraint of the government can be expressed as: 

(3.17) ( ) ( / )G G T Nb t rb m m g g eπ= + + + − +  

where Gb  is the change of the stock of foreign bond held by the government and Tg  and Ng  are 

government spending on traded and non-traded goods. 

 

UEquilibrium conditions 

 The model is closed by imposing two market-clearing conditions for the non-traded good 

and domestic money. The equilibrium condition for the non-traded good market is given by: 

(3.18) ( ) (1 )N N N Ny e c g ec gθ= + = − +  

Equation (18) can be solved for the value of real exchange rate that clears the non-traded good 

market for given values of c and Ng : 
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(3.19) 1

2

( , )
(1 ) 0

(1 )
1 0
(1 )

N

N

N

e e c g
ee

y c

e
y c

θ
θ

θ

=

−
= <

′ − −

= <
′ − −

 

For a given level of m, equation (3.15) can be solved for the money market clearing interest rate: 

(3.20) ( , )i i c m= , 1 0i > , 2 0i <  

Equations (3.18) and (3.20) can be treated as an equilibrium conditions for internal balance. 

Equation (3.22) gives an equilibrium condition for external balance. 

 

3.2.2 The Dynamics 

 To characterize the dynamic structure of the model, rewrite the model in a more 

condensed form by consolidating the budget constraints of the household and the government. 

Differentiating equation (3.8) and substituting it into equation (3.11) yields equation (3.21): 

(3.21) ( ) (1 )H Hb y t rb m m cπ τ= − + − + − +  

Combining equations (3.17) and (3.21), and using definitions of y and the market-clearing 

condition for non-traded good, the consolidated budget constraints for the whole economy is 

given by: 

(3.22)  
( ) (1 )

   (1 ) ( ) (1 )
  ( )

T N

T N T N

T T

b y rb g g e c
y c g e rb g g e c
y rb c g

τ
θ τ
θ τ

= + − + − +
= + − + + − + − +

= + − + −
 

where H Gb b b= +  and H Gb b b= + . The supply of traded goods adjusted by the receipt of real 

interest payments from abroad is Ty rb+ . The aggregate demand for traded goods is the 

combination of household consumption Tc cθ=  (from (3.6)), government consumption Tg , and 

the transaction costs T cτ= . Thus, the right hand side of equation (3.22) is the real trade balance, 

which is equivalent to the change of bond holdings or the net creditor position (b ) over time.  

 Consider a steady state where relevant variables remain unchanged such that 

0c b e i= = = = . Equation (3.16) then implies that: 

(3.23) *r i iρ π ε π= = − = + −   
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Using the Fisher condition *π π ε= +  and the supply-of-funds function * ( )wi i p b= + , equation 

(3.23) be rewritten as: 

(3.24) *( )wi p bρ π= + −  

Similarly, equation (3.22) implies that 

(3.25) 0 ( )T Ty rb c gθ τ= + − + −  

Equations (3.24) and (3.25) combined with equation (3.19) can be used to solve for the steady 

state values of consumption c , bond holding b  and real exchange rate e : 

(3.26a) *( ) wp b iρ π= − +  

(3.26b) ( ) ( )*0 ( ) ( )w
T T

my e i p b b c g
c

π θ τ⎛ ⎞= + + − − + −⎜ ⎟
⎝ ⎠

  

(3.26c) ( ), Ne e c g=  

For values of consumption and bond holding close to the steady state, the system of 

dynamic equations can be linearized about the steady state by Taylor approximation. From 

equations (3.16) and (3.22), the following will hold: 

(3.27) 

( ) ( )

1
*1

1

1 2

( ) ( ) ( , )
1 ( )

 ( , ) ( , ) ( , )

wi h ic e i p b g c b
c ih i

g c b g c b c c g c b b b

σ γ π ρ
τ

−
⎡ ⎤− ⎡ ⎤= − + + − − ≡⎢ ⎥ ⎣ ⎦+ + −⎣ ⎦

≈ + − + −

 

(3.28) 
( )( ) ( )

( ) ( )

*

1 2

, ( ) ( ) ( , )

 ( , ) ( , ) ( , )

w
T N Tb y e c g i p b b c g h c b

h c b h c b c c h c b b b

π θ τ= + + − − + − ≡

≈ + − + −
 

To do this note that: 
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1
*1

1

,

* 1
1

1 2

1
1

,

2 1

( )( , ) ( ) 0
1 ( )

( )( )
1 ( )

( , ) 0
( )

1 ( )

( , )

w

c b

w

c

c b

i h ig c b e i p b
c ih i

i h ii p b e
c ih i

g c b
i h ie

c ih i

g c b e
c

σ γ π ρ
τ

σπ ρ γ
τ

σ γ
τ

σ γ

−⎧ ⎫⎡ ⎤−⎪ ⎪⎡ ⎤= − + + − − =⎨ ⎬⎢ ⎥ ⎣ ⎦+ + −⎣ ⎦⎪ ⎪⎩ ⎭

⎧ ⎫′⎡ ⎤−⎪ ⎪⎡ ⎤+ − − − +⎢ ⎥⎣ ⎦⎪ ⎪+ + −⎣ ⎦= =⎨ ⎬
⎡ ⎤−⎪ ⎪− +⎢ ⎥⎪ ⎪+ + −⎣ ⎦⎩ ⎭

= −
1

1

,

( ) ( ) ,  0
1 ( )

c b

i h i p b
ih i

β β
τ

−⎧ ⎫⎡ ⎤−⎪ ⎪′+ = <⎨ ⎬⎢ ⎥+ + −⎣ ⎦⎪ ⎪⎩ ⎭

 

and 

( )( ) ( ){ }

{ }

*

,

1 1
,

*
2 ,

( , ) , ( ) ( ) 0

( , ) ( ) ,  0

( , ) ( ) ( ) ,  , , 0

w
T N T

c b

T
c b

w

c b

h c b y e c g i p b b c g

mh c b y e
c

h c b p b b p b i

π θ τ

θ τ τ µ µ

π ξ ξ

= + + − − + − =

⎧ ⎫′ ′= − − + = <⎨ ⎬
⎩ ⎭

′= + + − = > < =

 

The linearized system is thus: 

( )

( ) ( )

c b b

b c c b b

β

µ ξ

= −

= − + −
 

Letting ĉ c c= −  and b̂ b b= − , and ˆˆ( , )X c b ′= , the system can be rewritten as: 

X AX= , where 
0

A
β

µ ξ
⎡ ⎤

= ⎢ ⎥
⎣ ⎦

. The eigenvalues of the matrix A, denoted by η , are found by 

solving the equation: 

[ ] 2det 0A I
η β

η η ξη βµ
µ ξ η
−

− = = − − =
−

 

The solutions are 2
1 4 2 0η ξ ξ βµ⎡ ⎤= − + <

⎣ ⎦
, and 2

2 4 2 0η ξ ξ βµ⎡ ⎤= + + >
⎣ ⎦

. General 

solutions to the system of dynamic equations are thus given by: 

(3.29) 11 12 1

21 22 2

ˆ exp( )
ˆ exp( )
c v v t

v v tb
η
η

⎛ ⎞ ⎡ ⎤ ⎛ ⎞
=⎜ ⎟ ⎜ ⎟⎢ ⎥⎜ ⎟ ⎣ ⎦ ⎝ ⎠⎝ ⎠
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where 11
1

21

v
v

v
⎡ ⎤

= ⎢ ⎥
⎣ ⎦

 and 12
2

22

v
v

v
⎡ ⎤

= ⎢ ⎥
⎣ ⎦

 are corresponding eigenvectors of A. Therefore: 

(3.30) 11 12 1

21 22 2

exp( )
exp( )

c v v tc
v v tb b

η
η

⎛ ⎞ ⎡ ⎤ ⎛ ⎞⎛ ⎞
= +⎜ ⎟ ⎜ ⎟⎜ ⎟ ⎢ ⎥

⎝ ⎠ ⎣ ⎦ ⎝ ⎠⎝ ⎠
 

Since 2 0η > , convergence to the steady state c  and b  requires that 2 0v = . The dynamic path 

and the saddle point steady state solutions characterized by the system (3.30) can be graphically 

shown below: TP

20
PT 

Figure 3.1: Steady State Equilibrium 

 

                                                 
TP

20
PT It can be shown that the 0b =  curve can be positively or negatively sloped. Totally differentiating equation (25) 

with respect to b and rearranging terms gives: ( )*
1/ '( ) ( ) w

Tdc db bp b p b i y eπ θ τ⎡ ⎤ ′⎡ ⎤= + + − + −⎣ ⎦⎣ ⎦ . It is known that 

( ) 1 0Ty eθ τ ′⎡ ⎤+ − >⎣ ⎦ , but the sign of *'( ) ( ) wbp b p b i π⎡ ⎤+ + −⎣ ⎦  is indeterminate.  For simplicity, assume that 

*'( ) ( ) 0wbp b p b i π⎡ ⎤+ + − >⎣ ⎦  such that the 0b =  curve is positively sloped as shown in Figure 3.1. The saddlepath 

ss can be shown to have a positive slope and defines the only convergent path to the steady state equilibrium 
denoted by E (see Agenor, 1998 for a full discussion).  

0c =

0b =  

be  

c

b

c

e  

( , )Ne e c g=  

ss

ss

E
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3.2.3 Determinants of Equilibrium Real Exchange Rate 

The model solved above can be used to derive the entire dynamic paths of the real 

exchange rate and other endogenous macroeconomic variables in response to a variety of 

exogenous shocks. The set of fundamentals that may be identified as the long-run determinants 

of the real exchange rate includes the following four categories: (1) Domestic supply-side factors 

and particularly the Balassa–Samuelson effect arising from faster productivity growth in the 

tradable good sector relative to the non-tradable good sector; (2) Fiscal policy, such as fiscal 

deficits as well as changes in the composition of government spending between tradable and 

non-tradable goods; (3) International economic environment, including world interest rate, 

international transfers and terms of trade; (4) Trade policy such as trade liberalization in terms of 

a reduction in import tariffs and export subsidies. 

UThe Balassa-Samuelson Effect 

To capture the Balassa-Samuelson effect, the production function in the traded good 

sector is respecified as: 

(3.31) ( ) ( )B
T T T Ty Ay L Ay e= =  

where A is a productivity parameter. Replace Ty  in system (3.26) by B
Ty . Equation (3.26b) 

implies that 1/ 0T T
mdc dA y Ay e
c

θ τ τ⎡ ⎤⎛ ⎞′ ′= − + − >⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
. Therefore, by equation (3.26c), 

1/ ( / ) 0de dA e dc dA= < . This result indicates that the productivity growth in the traded good 

sector represented by an increase in A, leads to consumption increase as well as an appreciation 

of real equilibrium exchange rate, as proposed by the Balassa-Samuelson theory. 

 

UThe Fiscal Policy    

The effects of fiscal policy on the equilibrium real exchange rate depend on the sectoral 

composition of government spending. Consider first an increase in government spending on 

traded goods Tg . Equations (3.26b) and (3.26c) imply that: 

1/ 1 0T T
mdc dg y e
c

θ τ τ⎡ ⎤⎛ ⎞′ ′= − − + − <⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
 and 1/ ( / ) 0T Tde dg e dc dg= >  



 46

indicating a decrease in equilibrium consumption and a depreciation of equilibrium real 

exchange rate.  

 In the case of an increase in government spending on non-traded goods Ng :  

2 1/ 0N T T
mdc dg y e y e
c

θ τ τ⎡ ⎤⎛ ⎞′ ′ ′= − + − <⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
 

and 

1 2 2 1/ 0N N T
m mde dg e dc dg e e y e
c c

θ τ τ θ τ τ⎡ ⎤ ⎡ ⎤⎛ ⎞ ⎛ ⎞′ ′ ′= + = − + − + − <⎜ ⎟ ⎜ ⎟⎢ ⎥ ⎢ ⎥⎝ ⎠ ⎝ ⎠⎣ ⎦ ⎣ ⎦
. There is a decrease in 

consumption but a real appreciation. 

 

UThe International Economic Environment 

 First the effect of a change in the world interest rate wi  is considered. Equations (26a), 

(3.26b) and (3.26c) imply that: 

/ 1 0wdb di p′= − >  

( ) 1/ 0w w
T

mdc di b p b db di y e
c

ρ θ τ τ⎡ ⎤⎛ ⎞⎡ ⎤′ ′ ′= + + − + − >⎜ ⎟⎢ ⎥⎣ ⎦ ⎝ ⎠⎣ ⎦
 

1/ 0w wde di e dc di= <  

Therefore, a reduction in the world interest rate wi  leads to a deterioration in the country’s net 

creditor’s position, a decrease in consumption, and a real depreciation. However, these long-run 

equilibrium effects can differ from the short-run impact effects. Using a framework similar to 

this analysis, Agenor (1998) and Hinkle and Montiel (1999) also show that a real exchange rate 

appreciation in some developing countries, following capital surges as a result of lower world 

interest rate, is a temporary phenomenon, and in the long-run the real exchange rate tends to 

depreciate. 

Second, an effect of capital inflows is considered. The capital inflows can be simply 

represented by an addition of a variable k to the budget condition in equation (3.22). Equations 

(3.26b) and (3.26c) imply that: 1/ 1 0T
mdc dk y e
c

θ τ τ⎡ ⎤⎛ ⎞′ ′= − + − >⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
 and 

1/ ( / ) 0de dk e dc dk= < . Therefore, in the case of capital inflows ( 0k > ), equilibrium 

consumption increases while real exchange rate appreciates. 
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The current model is not suitable for analyzing the effect of terms of trade since no 

distinctions are made between importables and exportables. To account for the effect of terms of 

trade, following Hinkle and Montiel (1999), redefine the real exchange rate e as the relative price 

of importables ( Mp ) in terms of nontradles ( Np ) : 

M

N

pe
p

=  

Similar to previous analysis, profit maximization imply that: 

Exportable: Xy w φ′ =  

Importable: My w′ =  

Nontradable: Ny we′ =  

where w is the real wage in terms of importables and φ  is the terms of trade defined by the price 

of exportable ( Mp ) in terms of importable. It is obvious that 

M Xy yφ′ ′=  and N My ey′ ′= . The labor market equilibrium is thus given by: 

( / ) ( ) ( )X M NL w L w L we Lφ + + =  

where (.)XL , (.)ML , and (.)NL  are labor demand functions in the exportable, importable, and 

nontradable good sectors, respectively. The labor market equilibrium determines the real wage 

rate as: 

( , )w w e φ=  

1 0N

X M N

L ww
L L L eφ

′−
= <

′ ′ ′+ +
 

2

2 0X

X M N

L ww
L L L e

φ
φ
′

= >
′ ′ ′+ +

 

Sectoral supplies are: 

Exportable: ( )( , ) ,X X X Xy y e y L w eφ φ φ⎡ ⎤⎡ ⎤= = ⎣ ⎦⎣ ⎦  

1
1 0X X

X
y L wy

φ
′ ′

= > ;  ( )2
2 2 0X X

X

y L w w
y

φ
φ

′ ′ −
= > TP

21
PT 

                                                 

TP

21
PT Since 

2

2 0X

X M N

L w
w

L L L e
φ

φ
′

= >
′ ′ ′+ +

, 
( )

2 0M NX

X M N X M N

w L L eL w
w w w

L L L e L L L e
φ

φ
φ φ

′ ′− +′
− = − = <

′ ′ ′ ′ ′ ′+ + + +
. 
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Importable: ( )( , ) ,M M M My y e y L w eφ φ⎡ ⎤⎡ ⎤= = ⎣ ⎦⎣ ⎦  

1 1 0M M My y L w′ ′= > ; 2 2 0M M My y L w′ ′= <  

Nontradable: ( )( , ) ,N N N Ny y e y L w e eφ φ⎡ ⎤⎡ ⎤= = ⎣ ⎦⎣ ⎦  

( )1 1 0N N Ny y L w e w′ ′= + < TP

22
PT; 2 2 0N N Ny y L w e′ ′= <  

To keep the demand side simple, assume that the exportables are not consumed 

domestically. Equation (3.26b) becomes: 

(3.26b’) ( ) ( ) ( )*0 , , ( ) ( )w
X M M

my e y e i p b b c g
c

φ φ φ π θ τ⎛ ⎞= + + + − − + −⎜ ⎟
⎝ ⎠

 

Using the sectoral supply functions and the fact that M Xy yφ′ ′= , the following can be derived 

from (3.26b’) and (3.26c): 

( ) ( )
22 2

1 1 1 1 1 1

/ 0X X NX X M

X M X M

y y w L ey y ydc d
m my y e y y e
c c

φφφ
θ τ τ φ θ τ τ φ

′ ′−+ +
= = >
⎛ ⎞ ⎛ ⎞′ ′− + − + − + − +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

and 

1/ / 0de d e dc dφ φ= <  

Therefore, an improvement in the country’s terms of trade leads to an increase in consumption 

and real exchange rate appreciation. 

 

UThe Trade Policy 

The effect of trade policy on the equilibrium exchange rate can be analyzed through a 

change in the import tariff or export subsidy rate. For simplicity the change in export subsidy is 

considered. Suppose the country has a subsidy rate (1 )φ−  that creates a terms of trade φ . The 

following analysis resembles the previous one for the effect of terms of trade. Notice that a tax 

liability is imposed on the private sector in an amount equal to the subsidy level (1 ) Xyφ φ−  

measured in terms of importables. Equation (3.26b) now becomes  

( ) ( ) ( ) ( ) ( )*0 , , ( ) ( ) 1 ,w
X M M X

my e y e i p b b c g y e
c

φ φ φ π θ τ φ φ φ⎛ ⎞= + + + − − + − − −⎜ ⎟
⎝ ⎠

 

                                                 

TP

22
PT Since 1 0N

X M N

L w
w

L L L eφ
′−

= <
′ ′ ′+ +

, 1 0N X M

X M N X M N

L we L L
w e w w

L L L e L L L e
φ

φ φ
′ ′ ′− +

+ = + = >
′ ′ ′ ′ ′ ′+ + + +

 



 49

or 

(3.26’’) ( ) ( ) ( )2 *0 , , ( ) ( )w
X M M

my e y e i p b b c g
c

φ φ φ π θ τ⎛ ⎞= + + + − − + −⎜ ⎟
⎝ ⎠

 

Similarly: 

( )
( )

( )

22
2 22 2

2 2
1 1 1 1 1 1

22/ 0X X X NX X M

X M X M

y y y w L ey y ydc d
m my y e y y e
c c

φ φ φ φφ φφ
θ τ τ φ θ τ τ φ

′ ′+ − −+ +
= = >
⎛ ⎞ ⎛ ⎞′ ′− + − + − + − +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

 

and 

1/ / 0de d e dc dφ φ= <  

Therefore, liberalization of trade policy such as reduction in the subsidy (decrease in φ ) 

leads to decrease in consumption and real depreciation.  

 



4. Equilibrium Exchange Rates: Empirical Applications to India and China 

Since the early work by Edwards, the real equilibrium model of exchange rate 

determ  

o, 1994 

ra 

nd 

tion reviews the existing literature on 

equilib

ber of 

 

tests ar

 

 

the 

the 

ate 

set at th ing 

ination and the corresponding single-equation approach (and its variants) has been widely

used in studies assessing equilibrium real exchange rates and misalignments in the developing 

countries (see, for example, Edwards, 1989 and 1994; Elbadawi, 1994; Elbadawi and Sot

and 1997; Baffes, Elbadawi and O’Connell, 1999; Paiva, 2001; Zhang, 2001; Zhang, 2002; Cer

and Saxena, 2002; Mathisen, 2003 and Cady, 2003). These studies differ primarily by their 

country/regional focus, selection of fundamentals and econometric methods. For India a

China, however, such empirical applications are fewer despite the fact that currencies in both 

countries have historically been misaligned. This sec

rium exchange rate modeling in India and China followed by an estimation of the 

exchange rate equilibrium and misalignment in the two countries using a single equation 

estimation based on the real equilibrium model developed in Section 3. 

 

4.1 A Review of Literature 

The equilibrium exchange rate for the Indian rupee has been modeled by a num

authors using different approaches. Using black market rate data during the pre-float period, 

weak form of PPP is tested by Berg and Jayanetti (1995) and Baghestani (1997).23 Cointegration

e used and results from both studies are supportive of the PPP hypothesis. Kholi (2002) 

extended the earlier studies on PPP by incorporating different methods to test for the mean 

reversion in real exchange rate. Kholi’s tests include unit root, cointegration and variance ratio

and the data cover the post-float period from 1993 to 2001. Several definitions of real exchange

rate are used in the study and evidence of PPP is found for real exchange rate constructed by 

ratio of wholesale over consumer price indices. In a different study, Kohli (2003) tests 

validity of PPP for the floating years and calculates PPP nominal exchange rate with a base r

e 1993 level. The PPP rates remain consistently above the nominal rates, indicat

nominal overvaluation.  

Using the cointegration tests, Ghosh (1998) examines the validity of the monetary model 

as a theory of long-run equilibrium condition for the rupee exchange rate. The study offers no 

                                                 
23 Weak form of PPP holds if the nominal exchange rate and the prices are cointegrated. Strong form PPP exists if, 
in addition to weak form holding, certain homogeneity condition is also satisfied (see MacDonald, 1999).   
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evidence of long-run equilibrium relationship among the variables of the monetary model. The 

results suggest that the monetary model is not a valid framework for analyzing the long-run 

movem l, 

ry 

er 

s 

d rate, 

e 

librium level. 

 forecast. 

Following the methodology of Blanchard and Quah (1989), Chaudhuri (2000) uses a 

in real and nominal effective exchange 

rates fo

ents of the rupee-dollar exchange rate. The author argues that the failure of the mode

despite some evidence of long-run relative PPP, may be attributed to the absence of monetary 

equilibrium. On the other hand, Yunus (2001) presents empirical evidence on the moneta

model of exchange rate determination for Indian rupee (along with four other currencies) ov

the post-Bretton Woods period using the Johansen multivariate cointegration technique. He find

supportive evidence of long-run relationships between the nominal exchange rates and the 

monetary fundamentals. An implication of the study is that monetary fundamentals have 

accounted for the substantial loss of the external values of the rupee over the period under 

consideration, and a prudent pursuit of monetary policy is a prerequisite for maintaining a stable 

exchange rate in the long-run.  

Pantnaik and Pauly (2000 and 2001) use the single-equation approach to model the 

equilibrium exchange rate in India. The exchange rate is assumed to be function of expecte

real interest rate differential, the risk premium, the central bank intervention and a random noise. 

Their results suggest that in the 1990s the rupee was essentially determined by equilibrium in th

output market. However, due to slow adjustments in this market, the exchange rate was not 

always at the equilibrium rate. Deviations from the output-determined equilibrium rate were 

common. But despite periods when the rupee was overvalued or undervalued compared to the 

long run rate, usually in response to forces in financial markets, there appeared to be a clear 

tendency to revert to the equi

Cerra and Saxena (2002) apply the single equation approach to study whether the India 

rupee was misaligned before the 1991 crisis. Using the technique developed by Gonzalo and 

Granger (1995), they measure the rupee equilibrium exchange rate through an error correction 

model. The evidence of this study indicates that overvaluation played a significant role in the 

crisis and caused the sharp exchange rate depreciation. Cerra and Saxena also show that the error 

correction model performs better than a random walk model in terms of out-of-sample

vector autoregressive model to explain the movements 

r the Indian rupee in terms of real and nominal disturbances. The results indicate 
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predominance of real shocks in explaining the variations in both real and nominal exchange

rates. 

China’s recent rapid export growth and accumulation of international reserves have also 

generated interests in modeling the determinants of the Chinese yuan and the valuation of 

exchange rate relative to its equilibrium. Chou and Shih (1998) estimate the equilibrium 

exchange rate of the yuan between 1978 and 1994 using both a purchasing power parity (PPP)

approach and an approach based on the shadow price of foreign exchange (SPFE). Their fin

indicate that the real exchange rate of the yuan is mean reverting and the long-run PPP 

relationship holds. In addition, the yuan is shown to be overvalued for much of this period, but 

came close to equilibrium between 1990 and 1994. 

Zhang (2001) estimates a behavioral equilibrium exchange rate (BEER) between 1952 

and 1997 by using a set of fundamental determinants of the actual real exchange rate. He finds 

that the yuan exchange rate was chronically overvalued durin

 

the 

 

dings 

g most of the central planning 

eriod. However, the cumulative effect of exchange reform has led to a substantial real 

cy which essentially brought the real exchange rate back to its 

equilib pe

tive 

 

h are 

the esti

exchange rate. Following Clarida and Gali (1994), Wang’s structural decomposition shows that 

relative real demand and supply shocks account for most of the variations in real exchange rate 

changes during 1980-2002. The study also finds that supply shocks are as important as nominal 

shocks in accounting for real exchange rate fluctuations, in contrast to other studies that show 

p

depreciation of the curren

rium during the reform riod since 1981. Furthermore, Zhang also shows that 

undervaluation frequently occurred from 1978 to 1997 indicating China now has a proac

exchange rate policy with the nominal exchange rate used as a policy tool to attain real targets.  

Zhang (2002) analyzes the yuan equilibrium rate using annual and quarterly data from the

early 1980s to 1999. He concludes that the equilibrium and misalignment calculated from the 

single equation approach and the behavioral equilibrium exchange rate (BEER) approac

quite similar. When the Hodrick-Prescott (H-P) filter and cointegration techniques are applied, 

mation results from both approaches show that the currency has been through similar 

episodes of overvaluation and undervaluation. The exchange rate has moved closer to 

equilibrium since the 1990s with some overvaluation towards the end of the sample period. 

Wang (2004) uses a structural vector autoregression model to study the relative 

importance of different types of macroeconomic shocks for fluctuations in the yuan real 
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that, in industrial countries, nominal shocks are more important in explaining real exchange

fluctuations (e.g. Eichenbaum and Evans, 1995; Chadha and Prasad, 1997; and Thomas, 1997). 

Recent debate and international criticism of China’s exchange rate and its currency 

 rate 

gime has stimulated substantial interests in measuring the equilibrium value of the Chinese 

se studies, however, differ 

d i measured degree of misalignment. Yet most of these studies have 

shown a strong support of the claim that this currency has been undervalued especially in most 

recent years. Frankel (2004), using a modified purchasing power parity approach, concludes that 

the yuan was undervalued against the US dollar by approximately 35% as early as in 2000 and is 

undervalued by at least that much in recent years. Using a FEER approach, Jeong and Mazier 

(2003) show that the yuan has been undervalued since 1995 and the undervaluation was as high 

as 60 percent against the dollar in 2000. Coudert nd Couharde (2005) compare the yuan/dollar 

equilibrium rate and misalignment from the BEER and FEER approaches. They conclude that 

results from the two approaches differ substantially. While the BEER gives an estimate of 

misalignment of about 18 percent in 2002 and 2003, this number is as high as 40 percent for the 

same years by the FEER approach. Similarly, in the study by Benassy-Quere, et al. (2004), the 

m d to 03 by a panel analysis for the G20 countries 

i ng China. The resu 4) using a FEER approach indicate less 

undervaluation of 23-28 percent in 2002. Even smaller misalignment is found in Funke and Rahn 

( ho use a BEER s undervalued by 10-15 percent 

i  years 2001 and 200

Interestingly, the t measured in real effective terms from these studies 

nonetheless shows some , Goldstein (2004) uses a macroeconomic 

b e approach and an bal payment imbalances and finds 

o at the real effective -30% in 2003. Similarly, the 

u luation of the yua nd to be around 30 percent in 2000 by Jeong 

s: India and China 

he estimation of equilibrium exchange rates in India and China in this analysis is based 

on the single equation approach of real equilibrium model derived in Section 3. Given the nature 

re

yuan and in particular against the US dollar. Results from the

rastically in terms the r 

 a

isalignment is foun  be over 40 percent in 20

ncludi lts from Wren-Lewis (200

2004) w approach to show that the yuan rate wa

n the 2.  

yuan misalignmen

consistency. For example

alanc approach based on adjustment of glo

ut th  rate of yuan has been undervalued by 15

nderva n real effective rate is fou

and Mazier (2003) and around 20 percent in 2003 by Coudert and Couharde (2005).   

 

Rate4.2 Equilibrium Exchange 

T
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of the u

l as weak 

exogen

e 

al 

alignments. 

 

nnual data from 1950-2002 for India and 1952-2002 for China 

are dra

he 

, so 

 

nderlying data series, the empirical analysis closely follows the contemporary non-

stationary time-series modeling paradigm. First, the augmented Dickey-Fuller (ADF) tests are 

applied to the univariate data series to establish their temporal properties. Second, a Vector Error 

Correction Model (VECM) is specified and the Johansen cointegration method is used to 

determine if one or more long-run relationships exist among the system of variables. Third, 

structural hypothesis tests involving restrictions on cointegration coefficients as wel

eity are performed on the realized long-run relationships to determine uniquely the 

cointegrating vectors. Fourth, considering that the current values of the economic fundamentals 

themselves may not be at their long-run equilibrium level, the Hodrick-Prescott (H-P) filtering 

method is used to estimate long-run or permanent component of the fundamentals by removing 

the cyclical component from the data.24 Finally, the estimated cointegrating vector along with th

permanent component of the economic fundamentals are used to calculate the equilibrium re

exchange rates and gauge the corresponding mis

4.2.1 Data Description 

A system of variables tx  consisting of the real exchange rate and the underlying 

fundamentals is formulated for each country. According to the theoretical model, these 

fundamentals are chosen to represent supply side factors, fiscal policies, international economic 

environment, and trade policies. The constructions of the fundamentals and the composing data 

are summarized in Table 4.1. A

wn from the International Financial Statistics of the IMF.25 All variables are in 

logarithmic forms except for the interest rate and net capital inflows.26  

The real exchange rate (LRER) is defined as the product of nominal exchange rate and t

ratio of the consumer price indexes (CPI). While some other studies have focused on the 

multilateral real effective exchange rate, the real exchange rate defined here is a bilateral rate 

expressed in terms of domestic currencies per foreign currency (in this case the US dollar)

that an increase represents depreciation. The reason for using a bilateral rate is that it can be

                                                 
24 Alternatively, a moving average, a Beveridge-Nelson or a Gonzalo-Granger technique can be used to extract 
permanent component from the fundaments (e.g. Elbadawi and Soto, 1997; Baffes, Elbadawi and O’Connell, 1999; 
Clark and MacDonald, 2000; Cerra and Saxena, 2002; and Mathisen, 2003). 
25 The sample period for Net Capital Inflows (NCI) is 1975-2002. 
26 Instead, net capital inflows as a percent of GDP (LNCI) is used since net capital outflows (negative numbers) in a 
number of years make the log operation invalid.  
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easily applied to the PSE calculations as the world prices are generally denominated in US 

dollars.TP

27
PT In addition, a rough comparison between the bilateral and the effective rates for each 

country indicates that the two are fairly close to each other with common trends and fluctuations.  

 

Table 4.1: Variable Construction and Data Description  

System of variables: [ , , , , , , ]LRER LPRO LGEX WIR LNCI LTOT LOPN=x  
Variable construction 

*

1

ln

ln  (India)

ln  (China)

ln

CPILRER e
CPI

IPILPRO
IPI

FCFLPRO
GDP
GEXLGEX
GDP

−

⎛ ⎞
= ⋅⎜ ⎟

⎝ ⎠
⎛ ⎞

= ⎜ ⎟
⎝ ⎠
⎛ ⎞= ⎜ ⎟
⎝ ⎠
⎛ ⎞= ⎜ ⎟
⎝ ⎠

                           

* *
* 1

*
1

1

ln  (India)

ln  (China)

ln

CPI CPIWIR NIR
CPI

XUVLTOT
MUV

VXLTOT
VX

NCILNCI
GDP

VX VMLOPN
GDP

−

−

−

⎛ ⎞−
= − ⎜ ⎟

⎝ ⎠
⎛ ⎞= ⎜ ⎟
⎝ ⎠
⎛ ⎞

= ⎜ ⎟
⎝ ⎠

⎛ ⎞= ⎜ ⎟
⎝ ⎠

+⎛ ⎞= ⎜ ⎟
⎝ ⎠

 

Description of data 
e Nominal exchange rate 
GEX Government expenditure 
NIR Nominal interest rate 
XUV Export unit value (Index, 2000=100) 
MUV Import unit value (Index, 2000=100) 
VX Value of exports 
VM Value of imports 
FCF Fixed capital formation 
NCI Net Capital Inflows 
CPI Consumer price index (2000=100) 
IPI Industrial production index (2000=100) 
GDP Gross Domestic Product 

Note: 1) * denotes foreign variables.  
          2) Variables LPRO and LTOT are constructed differently for India and China due to data constraints. LNCI is 
constructed as the ratio of NCI to GDP.  
          3) The data frequency is annual. The sample period is 1950-2002 (India) and 1952-2002 (China) for all 
variables except for NCI (1975-2002).  
Source: IMF, IFS, various years.  

 

                                                 
TP

27
PT See Alberola, et al., (1999) for a conversion of a multilateral equilibrium exchange rate to a bilateral rate. 



F

e system existed from 1981 to 1993, the nominal exchange rate used for computing 

real ex hang, 

. 

 

ted 

 

d 

s 

 in traded goods.  

nges in international economic environment. 

First the real world interest rate (WIR) is used, which is approximated by the US real interest rate 

calculated by subtracting the US inflation rate (percent change in the US CPI) from the 1-year 

Treasury-Bill rate. Second, the ratio of net capital inflows to GDP (LNCI) is used. It is widely 

accepted that the world interest rate fluctuations and capital flows into and out of the developing 

countries interact with real exchange rate movements. A stylized effect associated with a 

reduction in the world interest rate and capital inflows is real exchange rate appreciations. 

However, the theoretical model in this analysis (also Agenor, 1998; Hinkle and Montiel, 1999) 

shows that the real equilibrium exchange rate, following capital surges or lowered world interest 

rate, tends to depreciate in the long-run due to the deterioration of the country’s net creditor 

or China the computation of the real exchange rate is worth noting. As a dual track 

exchange rat

change rate is a weighted average between the official rate and the secondary rate (Z

2001). From 1981 to 1985, the secondary rate is the Internal Rate for Trade Settlements. Its 

weight is 0.8, which is also the rate of trade in total exchange income. From 1986 to 1993, the 

secondary rate is the swap rate with a weight of 0.44, the exchange retention ratio.  

The Balassa-Samuelson effect caused by differential productivity growth in the traded 

good vs. non-traded good sectors is approximated by the productivity change variable (LPRO)

To be consistent with the Balassa-Samuelson theory, an increase in the productivity in the 

tradable sector relative to the non-tradable sector would appreciate the exchange rate, because it

creates excess demand in the non-tradable sector. This variable is proxied by the log of annual 

growth of the industrial production index for India and the gross fixed capital formation for 

China (Cerra and Saxena, 2002; Zhang, 2001).  

The government expenditure variable (LGEX) as a percentage to the GDP is used to 

capture the effect of fiscal policies. Changes in the composition of government consumption 

affect the exchange rate in different ways, depending on whether the consumption is direc

toward traded or non-traded goods. If an increase in government consumption is concentrated in

non-traded goods, excess demand in this sector will lead to higher non-traded good price an

thus real exchange rate appreciation. The opposite will happen if the government consumption i

concentrated

Three variables are defined to capture cha
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position and the reduction in national income. Real appreciation could occur, but the 

phenomenon is only temporary or instantaneous.  

A third variable in this category is the terms of trade (LTOT). It is defined as the ratio of 

export price index to import price index for India. However, no consistent export and import 

price data are available for China and this variable is proxied instead by its export growth (one-

lag difference of the log of exports) (Zhang, 2001). According to our theoretical model, the effect 

of terms of trade on the real exchange rate is positive so that an improvement in terms of trade 

leads to real appreciation. Other studies (e.g. Elbadawi and Soto, 1994; Goldfajn and Valdes, 

1999) have shown that the effect is somewhat ambiguous. An improvement in the terms of trade, 

say through a decrease in the price of importables, increases national income which in turn 

increases demand for non-traded good leading to real exchange rate appreciation (an income 

effect).  On the other hand, the movements of production away from importables toward 

nontradables can depress the price of non-tradables causing real exchange rate depreciation (a 

substitution effect). Therefore the net effect of terms of trade on the real exchange rate depends 

on the relative magnitude of the income vs. the substitution effect.  

Finally, the openness (LOPN) is calculated as the ratio of the sum of imports plus exports 

to the GDP. Openness reflects how connected the economy is to the rest of the world and stands 

for trade liberalization. Its use as a proxy for trade policy is justified because of the difficulty of 

obtaining good time series data on import tariff and export subsidy and also because it may 

account not only for explicit trade policy but also for implicit, though very important, factors 

such as quotas and exchange controls (Elbadawi and Soto, 1994). According to the theoretical 

model, the improvement of a country’s openness (reduction in tariff and subsidy) is related to a 

real exchange rate depreciation.  

 

4.2.2 The Unit Root and Cointegration Tests 

The order of integration for each univariate series is determined using the augmented 

Dickey-Fuller (ADF) test. The ADF test statistic is obtained from the following regression 

model: 

(4.1) 0 1 1
1

p

t t i t i t
i

x x t xα α γ β ε− −
=

∆ = + + + ∆ +∑  
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where ∆  is the first difference, tx  represents each of the variables in the vector tx , and p is the 

lag length.  

Following a general to specific procedure, equation (4.1) is an overspecified ADF 

regression where p starts from a relatively large number and a drift and deterministic time trend 

may be included. It is important to note that the test for unit root is conditional on the lag length 

and presence of the deterministic regressors. A battery of diagnostic tests can be employed to 

refine the specification for each series. These techniques include a model selection procedure 

based on the usual t- or F- tests, and the information criterion such as the Akaike Information 

Criterion (AIC) or Schwarz Bayesian Criterion (SBC), as well as residual tests such as the 

Jarque-Bera or Ljung-Box tests. In this study, the AIC is used to determine the lag length. TP

28
PT To 

test for multiple roots, the same procedure is applied to test for stationarity in first differencing 

series (Dickey and Pantula, 1987). Table 4.2 reports the unit root test results with different test 

specifications. The Phillips-Perron (PP) Z-tests are also presented for comparison. 

The ADF tests show that the null hypothesis of a unit root is accepted for all variables in 

levels except LPRO for India and LTOT for China, which seem to be trend stationary.TP

29
PT The 

Phillips-Perron (PP) tests generally confirm the ADF test results. All series are then first 

differenced and the ADF and PP tests are re-conducted. For each series, both test statistics rose 

considerably, and the null hypothesis of a unit root is rejected at the 1 percent or 5 percent 

significance levels. It is thus concluded that all the variables in tx  are I(1) in levels and I(0) in 

differences. 

 

                                                 
TP

28
PT In order to avoid the problem of poor size properties of the test statistic as a result of possible existence of MA 

terms in the data generating process, the actual leg length used is 1AIC + . (Harris and Sollis, 2003). 
TP

29
PT The rejection of a unit root may result from small lag lengths, which adversely affect the size of the ADF and PP 

tests. When additional lags are included, the null hypothesis of a unit root cannot be rejected for these variables.    
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Table 4.2: The Unit Root Test Results 

Test Statistics Country 
Variable τ  )(τZ  µτ  )( µτZ  ττ  )( ττZ  

India  Levels 
LRER 1.32 1.61 -0.30 -0.20 -2.15 -1.89 

LPRO -1.87 -1.75 -5.47P

**
P
 

-4.69P

**
P
 -5.45P

*
P
 -4.63P

**
P
 

LGEX -2.09P

*
P
 -2.40P

*
P
 -2.13 -2.48 -2.27 -2.54 

WIR -0.70 -0.76 -1.64 -1.82 -1.07 -1.22 
LNCI -1.05 -3.45P

*
P
 -3.08 -2.32P

*
P
 -1.84 -1.78 

LTOT -0.10 -0.55 -3.27P

*
P
 

-2.77 -3.55P

*
P
 -2.83 

LOPN -0.60 -0.84 -0.26 -0.41 -2.38 -1.74 
 First Differences 

LRER -4.94P

**
P
 -5.86P

**
P
 -5.22P

**
P
 

-6.02P

**
P
 -5.32P

**
P
 -6.01P

**
P
 

LPRO -4.27P

**
P
 -24.74 P

**
P
 -4.21P

**
P
 

-24.48 P

**
P
 -4.15P

**
P
 -25.28 P

**
P
 

LGEX -5.99P

**
P
 -7.88P

**
P
 -6.62P

**
P
 

-8.31P

**
P
 -7.11P

**
P
 -8.39P

**
P
 

WIR -4.87P

**
P
 -5.70P

**
P
 -4.81P

**
P
 

-5.61P

**
P
 -5.10P

**
P
 -7.06P

**
P
 

LNCI -5.02P

**
P
 -4.84P

**
P
 -4.92P

**
P
 

-8.60P

**
P
 -8.88P

**
P
 -14.75 P

**
P
 

LTOT -4.91P

**
P
 -9.73P

**
P
 -4.86P

**
P
 

-9.55P

**
P
 -4.87P

**
P
 -13.51 P

**
P
 

LOPN -5.71P

**
P
 -9.16P

**
P
 -5.74P

**
P
 

-9.07P

**
P
 -6.34P

**
P
 -10.56 P

**
P
 

China Levels 
LRER 1.57 1.96 -0.29 -0.03 -2.32 -2.30 
LPRO -1.30 -2.30 -1.38 -2.34 -3.64P

*
P -3.15 

LGEX -1.33 -1.96 -1.16 -0.91 -2.43 -2.50 
WIR -0.63 -0.74 -1.78 -1.78 -1.25 -1.17 
LNCI 1.29 -2.54 -2.44 -1.39 -2.33 -2.36 
LTOT -2.98P

**
P -2.93P

**
P -4.42P

**
P -3.80P

**
P -4.49P

**
P -3.73P

*
P 

LOPN -2.14P

*
P -2.10P

*
P 0.20 0.92 -1.95 -2.06 

 First Differences 
LRER -4.67P

**
P -5.40P

**
P -5.28P

**
P -5.81P

**
P -5.27P

**
P -5.77P

**
P 

LPRO -3.82P

**
P -6.12P

**
P -3.99P

**
P -7.54P

**
P -3.95P

*
P -7.33P

**
P 

LGEX -2.41P

*
P -7.10P

**
P -3.38P

*
P -7.64P

**
P -3.74P

*
P -7.50P

*
P 

WIR -4.56P

**
P -5.25P

**
P -4.50P

**
P -5.16P

**
P -4.75P

**
P -6.15P

**
P 

LNCI -2.84P

**
P
 -2.78 -2.73 -4.46P

**
P
 -4.36P

**
P
 -4.25P

*
P
 

LTOT -4.75P

**
P -14.98 P

**
P -4.71P

**
P 14.61 P

**
P -4.67P

**
P -14.27 P

**
P 

LOPN -4.35P

**
P -5.58P

**
P -5.14P

**
P
 

-6.32P

**
P -5.32P

**
P -6.43P

**
P 

Note: 1) **1% significance level, *5% significance level. Critical values are from MacKinnon (1991) 
          2) The test statistics τ , µτ , ττ  and )(τZ , )( µτZ , )( ττZ  are ADF and PP tests respectively and correspond to 
three type of specifications: (i) no trend and no intercept; (ii) intercept only; and (iii) trend and intercept. 
          3) The lag length p of the ADF test is set by the AIC + 1 in every case. The PP test is based on Newey-West 
bandwidth selection using Bartlett kernel. 
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The unit root test results also highlight the non-stationary feature of the real exchange 

rates for India and China. The hypothesis of PPP (weak form) is strongly rejected for both 

countries. Such a conclusion is broadly consistent with numerous other studies (see Rogoff, 1996 

for a review). However, special care must be taken when interpreting this result. First, the sample 

sizes in this study are relatively small (53 and 51 observations for India and China respectively), 

but the PPP is essentially a long run condition. Second, structural changes in India and China in 

terms of exchange rate regime shifts during the sample periods are not taken into account in our 

unit root tests. When there are such structural breaks, the ADF and PP test statistics are biased 

toward the non-rejection of a unit root. Tests for unit roots with structural breaks can be 

conducted on individual variables, using the techniques suggested by Perron (1989), but were not 

undertaken in this study. 

If each series is an I(1) process, common tests for the possibility of an equilibrium are the 

Johansen maximum likelihood method (Johansen, 1991). The Johansen procedure is based on the 

following pth-order VAR model: 

(4.2) 1 1 2 2 ...t t t p t p t t− − −= + + + + +x Φ x Φ ∆x Φ x ΠD ε  

where tx  is a ( 1)n×  vector of non-stationary I(1) variables, iΦ  and Π  are ( )n n×  and ( )n k×  

coefficient matrices, tD  is a ( 1)k ×  vector of deterministic terms and tε  is vector of error terms. 

The VAR(p) in (4.2) can be rewritten as 

(4.3) 1 1 2 2 1 1 1...t t t p t p t t t− − − − + −= + + + + + +∆x Γ ∆x Γ ∆x Γ ∆x Ψx ΠD ε   

where 
1

p

i j
j i= +

= −∑Γ Φ  and 
1

p

i
i

I
=

= −∑Ψ Φ  are ( )n n×  coefficient matrices.  

If the matrix Ψ  in equation (4.3) contains all zeros, or equivalently, ( ) 0rank =Ψ , there 

are no cointegrating relationships among the variables in tx  and all sequences are unit root 

processes. If Ψ  is of full rank, ( )rank n=Ψ , then there are n long-run equilibrium relationships 

which is essentially a convergent system of n stationary sequences. Suppose that 

( ) ,  0rank h h n= < <Ψ  and there are h cointegrating relationships in tx . It implies that Ψ  can 

be written in the form 

(4.4) ′=Ψ AB  



 61

for A an ( )n h×  matrix and ′B  an ( )h n×  matrix. The matrix B contains h cointegrating vectors, 

and A is the matrix of weights with which each cointegrating vector enters the n equations of the 

VAR. Matrix A is also viewed as the speed of adjustment.  

 The Johansen procedure provides two tests for the number of linearly independent 

cointegrating relationships among the series in tx . Both tests are based on an eigenvalue-

eigenvector decomposition of the matrix Ψ . The test statistics are labeled the “trace statistic” 

and the “maximal eigenvalue statistic” defined as 

(4.5) ∑
+=

−−=
n

hi
itrace Th

1

)ˆ1ln()( λλ  

(4.6) )ˆ1ln()1,( 1max +−−=+ hThh λλ  

where iλ̂  are the estimated eigenvalues of matrix Ψ . 

Before proceeding with the Johansen test, three different model specifications are 

considered for each country. Initially, the vector x  consists all the variables in the system 

including LRER, LPRO, LGEX, WIR, LNCI, LTOT and LOPN (Model 1). However, difficulty 

arises as the data for LNCI are only available for the period 1975-2002 for each country.TP

30
PT This 

causes the problem that there are not enough degrees of freedom to estimate such a multivariate 

system, leading to less robust or appealing results. This variable is then dropped from the system 

and the model is re-estimated using expanded sample periods 1950-2002 for India and 1952-

2002 for China (Model 2).  

Additional adjustments to the model take into account short-run shocks (Model 3). 

Following Edwards (1989), an exogenous variable is defined that capture macroeconomic policy, 

LDCT, the log of domestic credit (DCT) over GDP.TP

31
PT Edwards (1989) argues that excess supply 

of domestic credit can proxy inconsistent macroeconomic policies and when it becomes highly 

expansive, the real exchange rate appreciates in the short run causing overvaluation. The first 

difference of this variable, LDCT∆ , is included in tD  to represent such effects for both 

countries. In addition to this, a vector of dummy variables is also included in Model 3. The 

vector contains three dummy variables for India representing two oil price shocks in the 1970s 

and the balance of payment crisis and the merge of dual exchange rate in the early 1990s, and 

                                                 
TP

30
PT Indeed, for India and China, significant capital inflows did not start until the 1980s.  

TP

31
PT ( )lnLDCT DCT GDP= . A unit root test indicates this variable is also I(1) in levels and I(0) in first difference. 
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three dummy variables for China representing the great famine during 1958-61 and two major 

exchange rate policy interventions in 1981 and 1994 (see Cerra and Saxena, 2002; Zhang, 

2001). TP

32
PT Model 3 is estimated with all these short-run shocks included. 

The lag structure of the Johansen test in this analysis is determined by an unrestricted 

VAR(p) model (4.2) which starts from a relatively small number of lags for each of the 

endogenous variables to economize the degrees of freedom. Table 4.3 presents the diagnostic 

tests for determining the lag length for the VAR for each model specification. These tests include 

the 2χ (Wald) tests for the hypothesis that the i-period lag (Lag i) is zero for each equation 

separately; joint LM tests for the hypothesis that there is no heteroskedasticiy or serial correlation 

(not shown in the Table); and joint 2χ  tests for normality. The information criteria such as the 

Akaike Information Criterion (AIC) is also provided.  

For India and China, the results based on 1p =  and 2p =  indicated that increasing the 

lag length from 1 to 2 has little impacts and the additional lags are generally not significant.TP

33
PT No 

heteroskedasticity or autocorrelation is found and this property holds across different models and 

different lag lengths (again, not shown in Table 4.3). However, for India, increasing the lag 

length induces white noise residuals in each model specification, while for China the normality is 

rejected due to excess kurtosis if one more lag is added. Therefore, two lags are selected for 

India but one for China.TP

34
PT  

After the lag-length p is determined, the Johansen’s trace and maximum eigenvalue tests 

can be performed based on a VEC(p) model in the form of (4.3) under two cases: without and 

with a deterministic time trend (Case I and Case II).TP

35
PT The TP

 
PTresults for both India and China are 

shown in Table 4.4.TP

36
PT The traceλ  statistic rejects the null hypothesis of zero cointegrating rank at 

the 0.95 significance level for each model in each case. Similar conclusions on the cointegrating 

rank can be made for each case within the same model. For example, in Model 1 where all 

potential fundamentals are included, there is evidence that the cointegrating rank is at most 3 or 4 

for India and China in case I and II. By dropping the variable LNCI and extending the sample 

                                                 
TP

32
PT The dummy variables for India take the value of 1 in years 1973 (Dummy1), 79 (Dummy2) and 91-93 (Dummy3) 

respectively, and 0 otherwise; the dummy variables for China take the value of 1 in years 1958-61 (Dummy1), 81 
(Dummy2) and 94 (Dummy3) respectively, and 0 otherwise.   
TP

33
PT Though not reported in Table 4.2, this is also true for longer lag lengths. 

TP

34
PT Due to small sample size, one lag is chosen for India in Model 1. 

TP

35
PT The deterministic time trend is represented by an intercept in the cointegrating equation and the VECM.  

TP

36
PT Though not reported, the results by the maximum eigenvalue test are consistent with those by the trace test. 
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Table 4.3: Model Specification Diagnostics 
 Model 1  Model 2  Model 3 
 1p =  2p =   1p =  2p =   1p =  2p =  
 Lag 1 Lag 1 Lag 2  Lag 1 Lag 1 Lag 2  Lag 1 Lag 1 Lag 2 
 India 

LRER 193.68P

**
P
 26.92P

**
P
 9.10  402.32P

**
P
 55.96P

**
P
 3.94  753.11P

**
P
 53.97P

**
P
 5.37 

LPRO 4.49 1.36 1.90  607.73P

**
P
 6.46 6.36  718.14P

**
P
 11.34 10.15 

LGEX 42.76P

**
P
 7.59 3.14  102.57P

**
P
 31.18P

**
P
 13.34P

*
P
  165.71P

**
P
 22.46P

**
P
 10.05 

WIR 101.93P

**
P
 29.39P

**
P
 1.21  337.32P

**
P
 66.11P

**
P
 18.11P

**
P
  345.21P

**
P
 54.02P

**
P
 15.12P

*
P
 

LNCI 12.27P

**
P
 4.97 4.08  -- -- --  -- -- -- 

LTOT 49.74P

**
P
 21.69P

**
P
 8.24  12.10 37.30P

**
P
 9.33  6.92 33.13P

**
P
 9.44 

LOPN 21.93P

**
P
 14.83P

**
P
 4.33  145.58P

**
P
 39.32P

**
P
 9.29  115.80P

**
P
 16.90P

**
P
 8.90 

D Constant Only  Constant Only   Constant and Short-run Shocks 
Sample Period 1975-2002  1950-2002  1950-2002 

   
  Joint Tests   

 

1.14SK =  
**35.01KU =  
**35.21JB =  

10.66AIC = −  

1.31SK =  
**20.57KU =  

21.88JB =  
12.78AIC = −   

2.18SK =  
27.28KU =  

**29.46JB =  
8.48AIC = −  

5.83SK =  
11.62KU =  

17.46JB =  
8.37AIC = −   

*13.49SK =
*16.03KU =

*22.76JB =
18.53AIC = −  

6.73SK =  
7.51KU =  

21.01JB =  
18.87AIC = −  

 China 
LRER 49.10P

**
P
 33.25P

**
P
 22.34P

**
P
  248.53P

**
P
 45.67P

**
P
 6.64  109.70P

**
P
 49.71P

**
P
 3.66 

LPRO 45.26P

**
P
 5.50 4.67  144.93P

**
P
 51.44P

**
P
 15.71P

*
P
  222.96P

**
P
 52.19P

**
P
 6.64 

LGEX 108.82P

**
P
 30.31P

**
P
 8.49  380.88P

**
P
 44.38P

**
P
 7.58  292.08P

**
P
 41.92P

**
P
 5.60 

WIR 51.12P

**
P
 20.86P

**
P
 2.19  55.12P

**
P
 25.47P

**
P
 4.14  115.12P

**
P
 54.47P

**
P
 19.41P

**
P
 

LNCI 26.68P

**
P
 2.08 2.34  -- -- --  -- -- -- 

LTOT 8.13 14.28P

*
P
 7.04  142.84P

**
P
 10.25 5.39  17.22P

**
P
 2.71 4.89 

LOPN 197.14P

**
P
 18.95P

**
P
 8.33  191.81P

**
P
 41.92P

**
P
 2.34  277.65P

**
P
 42.83P

**
P
 2.06 

D Constant Only  Constant Only   Constant and Short-run Shocks 
Sample Period 1975-2002  1952-2002  1952-2002 

   
  Joint Tests   

 

1.88SK =
**22.77KU =
*24.65JB =

14.75AIC = −  

1.28SK =  
**34.99KU =  

**35.12JB =  
19.86AIC = −   

6.09SK =
9.79KU =

15.89JB =
14.76AIC = −  

4.97SK =  
**20.70KU =
*25.68JB =

14.26AIC = −   

2.13SK =
12.48KU =
14.61JB =

15.99AIC = −  

2.64SK =  
**24.58KU =  

**27.22JB =  
15.52AIC = −  

Note: 1) **1% significance level, *5% significance level.  
          2) The lag exclusion tests; the Skewness (SK), Kurtosis (KU), and Jarque-Bera (JB) tests for normality are compared with a xP

2
P distribution with relevant 

degrees of freedom.  
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Table 4.4: The Johansen Cointegration Test Results 

 Model 1  Model 2  Model 3 
 Case I Case II  Case I Case II  Case I Case II 

Null 
Hypothesis 

traceλ  
test 

traceλ  
(0.95) 

traceλ  
test 

traceλ  
(0.95) 

 traceλ  
test 

traceλ  
(0.95) 

traceλ  
test 

traceλ  
(0.95) 

 traceλ  
test 

traceλ  
(0.95) 

traceλ  
test 

traceλ  
(0.95) 

 India 
0=h  189.07P

*
P
 111.78 228.04P

*
P
 125.62  88.80P

*
P
 83.94 99.53P

*
P
 95.75  151.55P

*
P 103.85 147.86P

*
P 95.75 

1≤h  99.17P

*
P
 83.94 122.32P

*
P
 95.75  48.72 60.06 57.90 69.82  82.99P

*
P 76.97 79.61P

*
P 69.82 

2≤h  63.37P

*
P
 60.06 82.12P

*
P
 69.82  28.13 40.17 34.66 47.86  44.18 54.08 41.29 47.86 

3≤h  39.49 40.17 50.69P

*
P
 47.86  15.32 24.28 19.78 29.80  23.58 35.19 20.69 29.80 

4≤h  18.04 24.28 28.15 29.80  5.60 12.32 8.65 15.49  12.92 20.26 10.09 15.49 
5≤h  8.56 12.32 7.78 15.49  0.06 4.13 0.89 3.84  3.33 9.16 0.87 3.84 
6h ≤  0.87 4.13 0.32 3.84  -- -- -- --  -- -- -- -- 

D Constant Only  Constant Only  Constant and Short-run Shocks 
Lag Length 1  2  2 

Sample Period 1975-2002  1950-2002  1950-2002 
 China 

0=h  184.66P

*
P
 111.78 258.17P

*
P
 125.62  96.43P

*
P
 83.94 100.93P

*
P
 95.75  119.04P

*
P 103.85 108.43P

*
P 95.75 

1≤h  113.64P

*
P
 83.94 131.95P

*
P
 95.75  61.10P

*
P
 60.06 65.81 69.82  72.23 76.97 62.84 69.82 

2≤h  72.08P

*
P
 60.06 79.86P

*
P
 69.82  34.49 40.17 36.53 47.86  38.91 54.08 30.10 47.86 

3≤h  40.90P

*
P
 40.17 46.67 47.86  13.78 24.28 17.61 29.80  24.65 35.19 16.33 29.80 

4≤h  24.13 24.28 21.75 29.80  3.78 12.32 6.94 15.49  12.05 20.26 6.35 15.49 
5≤h  10.52 12.32 7.77 15.49  0.16 4.13 0.08 3.84  2.85 9.16 0.42 3.84 
6h ≤  2.59 4.13 0.54 3.84  -- -- -- --  -- -- -- -- 

D Constant Only  Constant Only  Constant and Short-run Shocks 
Lag Length 1  1  1 

Sample Period  1975-2002  1952-2002  1952-2002 
Note: 1) * denotes rejection at 5% significance level.  
          2) Only the trace test results are provided.  
          3) Case I: no intercept in the cointegrating equation or the VEC; Case II: intercept in the cointegrating equation and the VEC.  
          4) h is the cointegrating rank.
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Table 4.5: Results from the Error Correction Model (Dependent Variable ∆LRER) 

 India China 
Variables Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
LRER(-1) 1.000 1.000 1.000 1.000 1.000 1.000 
LPRO(-1) 

 
4.496P

**
P
 

(0.378) 
8.963 P

**
P
 

(0.896) 
12.351 P

** 

(1.325) 
0.323 

(0.352) 
0.627 

(0.748) 
0.109 

(0.388) 
LGEX(-1) 

 
0.873P

**
P
 

(0.169) 
-0.644 P

**
P
 

(0.063) 
-0.709 P

**
P
 

(0.077) 
2.006 P

**
P
 

(0.348) 
2.692 

(2.466) 
2.141 P

**
P
 

(0.756) 
WIR(-1) 

 
-9.095 P

*
P
 

(7.012) 
2.945 P

**
P
 

(0.888) 
3.969P

**
P
 

(1.088) 
7.108 P

**
P
 

(1.063) 
43.635 P

**
P
 

(11.897) 
13.150 P

**
P
 

(3.237) 
LNCI(-1) 

 
-1.257 P

**
P
 

(0.065)   0.008 
(0.017)   

LTOT(-1) 
 

0.228P

*
P
 

(0.126) 
-0.635 P

**
P
 

(0.143) 
-0.492 P

**
P
 

(0.182) 
-0.625 P

**
P
 

(0.250) 
1.296 

(1.995) 
3.172 P

**
P
 

(0.593) 
LOPN(-1) 

 
0.847 

(0.537) 
-0.672 P

**
P
 

(0.054) 
-0.583 P

**
P
 

(0.075) 
-1.333 P

**
P
 

(0.062) 
-2.684 P

**
P
 

(0.413) 
-0.762 P

**
P
 

(0.112) 
Const. -8.108 -3.759 -4.594 4.137 11.082 0.342 

Coint. Eq. 
 

-0.008 P

**
P
 

(0.005) 
-0.066 P

**
P
 

(0.009) 
-0.076 P

**
P
 

(0.007) 
-0.286 P

**
P
 

(0.141) 
-0.030 P

**
P
 

(0.010) 
-0.105 P

**
P
 

(0.033) 
∆LRER(-1) 

 
-0.216 
(0.225) 

0.198 P

*
P
 

(0.109) 
0.173 

(0.149) 
0.038 

(0.271) 
0.080 

(0.170) 
0.095 

(0.155) 
∆LPRO(-1) 

 
-0.510 
(0.322) 

0.445 
(0.602) 

0.620 
(0.623) 

-0.462 
(0.498) 

0.126P

*
P
 

(0.071) 
0.063 

(0.070) 
∆LGEX(-1) 

 
0.451P

*
P
 

(0.255) 
0.022 

(0.131) 
0.026 P

*
P
 

(0.140) 
1.826 P

**
P
 

(0.621) 
0.089 

(0.220) 
0.045 

(0.198) 
∆WIR(-1) 

 
0.218 

(0.150) 
0.429 

(0.867) 
-0.024 
(0.906) 

0.860 
(1.390) 

0.349 
(1.039) 

0.505 
(0.883) 

∆LNCI(-1) 
 

0.035 
(0.032)   0.002 

(0.015)   

∆LTOT(-1) 
 

-0.094 
(0.126) 

-0.095 
(0.112) 

-0.081 
(0.115) 

-0.243 
(0.170) 

-0.114 
(0.087) 

0.096 
(0.102) 

∆LOPN(-1) 
 

-0.542P

*
P
 

(0.313) 
-0.138 
(0.141) 

-0.141 
(0.137) 

-0.113 
(0.255) 

-0.100 
(0.109) 

0.050 
(0.114) 

∆LRER(-2) 
  -0.156 

(0.167) 
-0.261 
(0.164)    

∆LPRO(-2) 
  0.019 

(0.482) 
0.183 

(0.511)    

∆LGEX(-2) 
  -0.322 P

**
P
 

(0.129) 
-0.283 P

**
P
 

(0.125)    

∆WIR(-2) 
  0.104 

(0.941) 
-0.262 
(0.901)    

∆LTOT(-2) 
  -0.021 

(0.098) 
-0.004 
(0.098)    

∆LOPN(-2) 
  0.079 

(0.128) 
0.055 

(0.119)    

Const. -0.028 0.022 0.0158 0.036 0.027 0.023 
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 Table 4.5: (Continued) 
 

 India China 
Variable  Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 
∆LDCT(-1) 

   0.442 P

**
P
 

(0.190)   0.032 P

**
P
 

(0.008) 
Dum1 

   -0.093 P

*
P
 

(0.071)   0.162 P

**
P
 

(0.059) 
Dum2 

   0.035 
(0.083)   0.163 P

**
P
 

(0.074) 
Dum3 

   0.173 P

**
P
 

(0.068)   0.248 P

**
P
 

(0.076) 
Lag Length 1 2 2 1 1 1 
Adjusted RP

2
P 0.34 0.32 0.46 0.42 0.26 0.47 

Sample 
Period 

1975-
2002 

1950-
2002 

1950-
2002 

1975-
2002 

1952-
2002 

1952-
2002 

Note: 1) For each model, the unique cointegrating vector is restricted to be the first cointegrating vector.  
          2) Standard errors are in parentheses.  
          3) ** and * denote significance at 5 and 10 percent levels. 
 
 

4.2.3 The Structural Hypothesis Tests 

A likelihood ratio (LR) test developed by Johansen and Juselius (1990) is used to test for 

restrictions on B and A individually and jointly in Model 3. The primary purpose of the test is to 

improve the stochastic properties of the estimation, and in the case of multiple cointegrating 

vectors, to identify the unique cointegrating vector. The restrictions in the long-run cointegrating 

relationships (B) and the adjustment parameters (A) are incorporated into the eigenvalue problem 

corresponding to each of the hypothesis to be tested. The LR test of the hypothesis is given by: 

( ) ( )
( )
( )

*ˆ

1

ˆ1
ˆ ˆ2 ln 2ln ln

ˆ1

h i
R U

i i

L L Q T
λ

λ=

⎧ ⎫−⎪ ⎪− = − = ⎨ ⎬
−⎪ ⎪⎩ ⎭

∑  

The test statistic is compared with a 2χ  distribution with the degrees of freedom equal to the 

number of parameter restrictions.  

The test on B can be formulated as: ( )1 1 2 2:  , ,..., h hH ϕ ϕ ϕB B = H H H , where iH  is a 

( )in s×  restriction matrix and iϕ  is a ( )1is ×  vector of parameters to be estimated in the ith 

cointegrating relation ( 1,...,i h= ). In this formulation, there are is  unrestricted parameters in the 

ith vector in B and iH  imposes ik  restrictions ( i ik s n+ = ). While common restrictions placed on 

the cointegrating vectors include the exclusion and proportionality restrictions, only the 
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exclusion restrictions are considered in this analysis. The restriction matrix H is constructed 

based on the following restrictions:  

0ji =B , 1,...,6j = , 1, 2i =  (India) 

0ji =B , 1,...,6j = , 1i =  (China) 

where j represents variables in the system and i denotes the cointegrating vector(s). The null 

hypotheses in each test and the LR test statistics are presented in Table 4.6. The test statistics are 

compared with a 2[ ( )]r n sχ −  distribution (i.e., 2[2(6 5)]χ −  for India and 2[1(6 5)]χ −  for 

China).  

All the null hypotheses of zero coefficients in the cointegrating vectors (B) are rejected 

for India, indicating that the real exchange rate and each of the fundamentals are relevant for the 

respective long-run relationships identified earlier. However, the null hypothesis that LPRO can 

be excluded from the long-run relationship for China is not rejected.  

 

Table 4.6: Exclusion Restrictions on B 

 India  China 
Variable Null Hypothesis LR Statistic  Null Hypothesis LR Statistic 

LRER 11 12 0= =B B  25.30 P

*
P  11 0=B  4.21P

* 

LPRO 21 22 0= =B B  28.84P

*
P  21 0=B  0.04 

LGEX 31 32 0= =B B  23.24P

*
P  31 0=B  5.41 P

*
P 

WIR 41 42 0= =B B  20.56P

*
P  41 0=B  5.49P

*
P 

LTOT 51 52 0= =B B  43.92P

*
P  51 0=B  7.41 P

*
P 

LOPN 61 62 0= =B B  14.31P

*
P  61 0=B  4.09P

*
P 

Note:  1) * denote rejection at the 5% significance level.  
           2) 2 (2) 5.99χ =  and 2 (1) 3.84χ =  at 5% significance level. 
 

As is now well known in the literature, the existence of multiple cointegrating vectors 

complicates the interpretation of the equilibrium in the exchange rates (Dibooglu and Enders, 

1995; Clark and MacDonald, 1999).TP

38
PT What the Johansen procedure provides is information on 

how many cointegrating vectors span the cointegrating space, while any linear combination of 

the vectors can itself be a cointegrating vector. For India, two cointegrating vectors are estimated 

to exist (in Model 3) and if the exchange rate variable (LRER) appears in both vectors, then each 
                                                 
TP

38
PT This is also the case in a single cointegrating vector context where it is unclear if the vector truly represents a 

structural relationship or a reduced form. 
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cointegrating vector or any linear combinations of the two can equally be treated as long-run 

equilibrium exchange rate relationships. Thus, unless a unique exchange rate relationship is 

identified, the exchange rate equilibrium in India remains ambiguous.TP

39
PT  

In light of the above structural hypothesis tests on B, however, the rejection of the joint 

null hypothesis might indicate that each of the two cointegrating vectors in India represents a 

distinct relationship in the cointegration space. To further identify such distinct relationships, and 

in particular, to extract the one that relates to equilibrium exchange rate, the analysis proceeds by 

testing whether the exchange rate variable can be excluded from one cointegrating vector with 

the other unrestricted. The restricted B matrices take the form:  

1 0 * * * * *
* * * * * *
⎡ ⎤′ = ⎢ ⎥
⎣ ⎦

B   

2 * * * * * *
0 * * * * *
⎡ ⎤′ = ⎢ ⎥
⎣ ⎦

B  

where 1′B  and 2′B  impose exclusion restrictions of exchange rate on the first and second 

cointegrating vectors respectively, and * denotes unrestricted parameters.  

The LR test statistic, distributed as 2χ , indicates that at 5% significance level 1′B  is 

rejected with 2 9.42χ = , and thus exchange rate cannot be excluded from the first cointegrating 

vector. However, 2′B  is not rejected with 2 (1) 2.40χ = . The results of these tests indicate that the 

first (unrestricted) cointegrating vector which contains the exchange rate can be recognized as 

the equilibrium exchange rate relationship, while the second (restricted) cointegrating vector 

represents a different relationship among variables excluding the exchange rate.  

To further investigate the model formation, a zero restriction on the adjustment 

parameters (A) or the weak exogeneity test is performed. The test on A can be formulated as: 

:  HA A = KA  

where K is a ( )n s×  matrix, A  is an ( )s h×  matrix of non-zero A-coefficients with s h≥ . The 

restriction matrix, K, is constructed based on the restrictions:  

0ji =A , 1,...,6j = , 1, 2i =  (India) 

                                                 
TP

39
PT Some studies have chosen to use the first the cointegrating vector as the equilibrium exchange rate relationship.   
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0ji =A , 1,...,6j = , 1i =  (China) 

where j represents variables in the system and i denotes the cointegrating vector(s). The null 

hypotheses in each test and the test statistics are presented in Table 4.7. The test statistics are 

compared with a 2χ  distribution with the same degrees of freedom as the tests on B.  

 

Table 4.7: Weak Exogeneity Tests on A 

 India  China 
Variable Null Hypothesis LR Statistic  Null Hypothesis LR Statistic 

LRER 11 12 0= =A A  25.48P

*
P  11 0=A  6.16* 

LPRO 21 22 0= =A A  16.92 P

*
P  21 0=A  0.01 

LGEX 31 32 0= =A A  7.07P

*
P
  31 0=A  3.69 

WIR 41 42 0= =A A  1.94  41 0=A  0.004 
LTOT 51 52 0= =A A  9.37P

*
P  51 0=A  1.31 

LOPN 61 62 0= =A A  13.57 P

*
P  61 0=A  4.04P

*
P 

Note:  1) * denotes rejection at the 5% significance level.  
           2) 2 (2) 5.99χ =  and 2 (1) 3.84χ =  at 5% significance level. 

 

The null hypothesis of weak exogeneity of WIR cannot be rejected at the 5% significance 

level for India, while four variables (LPRO, LGEX, WIR and LTOT) are found to be weakly 

exogenous for China. A joint test of weak exogeneity for all four variables is also accepted with 
2 (4) 6.47χ = ( p-value 0.17= ). Thus LPRO, LGEX, WIR, and LTOT are concluded to be jointly 

weakly exogenous.  

Combining all the information presented above, The hypotheses HB  and HA  are pooled 

together and the restrictions on B and A are tested jointly ( & :  H H H∩B A B A ). The restricted B 

and A for India and China take the following forms: 

India: 
* * * * * *
0 * * * * *
⎡ ⎤′ = ⎢ ⎥
⎣ ⎦

B  and 
* * * 0 * *
* * * 0 * *
⎡ ⎤′ = ⎢ ⎥
⎣ ⎦

A   

China: [ ]* 0 * * * *′ =B  and [ ]* 0 0 0 0 *′ =A  

where the restrictions are imposed jointly on B as well as A. Both joint restrictions cannot be 

rejected at 5% significance level with 2 (2) 1.93χ =  ( p-value 0.38= ) and 2 (5) 6.47χ =  

( p-value 0.26= ) for India and China respectively.  
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On the basis of these results, Table 4.8 presents the restricted cointegration analysis for 

India and China. The parameter estimates in the cointegrating vectors (first cointegrating vector 

for India) are fairly close to those reported in Table 4.4 (Model 3). It is interesting to note that for 

India the adjustment coefficient for second cointegrating vector in the exchange rate equation has 

a low t-value (0.51) indicating that the second cointegrating vector is not a significant 

determinant for exchange rate, a result that is consistent with the structural tests on B in which 

the exchange rate is excluded from the second cointegrating vector.    

 

Table 4.8: Restricted Cointegration Results 

Variable 
LRER LPRO LGEX WIR LTOT LOPN Constant 

India 
′B        
1.000 

 
10.370 P

** 

(1.345) 
-0.621 P

**
P
 

(0.078) 
2.695 P

**
P
 

(1.104) 
-0.569 P

**
P
 

(0.184) 
-0.654 P

**
P
 

(0.076) 
-4.037 

 
0.000 

 
1.000 

 
-0.042 P

**
P
 

(0.008) 
0.548 P

**
P
 

(0.100) 
0.031 P

*
P
 

(0.018) 
0.030 P

**
P
 

(0.007) 
-0.250 

 
       
′A        

-0.017 P

**
P
 

(0.008) 
-0.015 P

**
P
 

(0.006) 
0.016 P

*
P
 

(0.008) 
0.000 0.049 P

**
P
 

(0.020) 
0.040 P

**
P
 

(0.015) 
-- 

0.011 
(0.022) 

0.002 
(0.010) 

0.019 P

**
P
 

(0.003) 
0.000 -0.011 

(0.032) 
-0.041 P

*
P
 

(0.025) 
-- 

China 
′B        
1.00 

 
0.000 

 
1.855 P

**
P
 

(0.756) 
11.735 P

**
P
 

(3.237) 
1.913 P

**
P
 

(0.593) 
-0.769 P

**
P
 

(0.112) 
0.179 

       
′A        

-0.031 P

**
P
 

(0.009) 
0.000 

 
0.000 0.000 0.000 0.042 P

**
P
 

(0.015) 
-- 

Note: 1) Standard errors are in parentheses. 
        2) ** and * denote significance at 5 and 10 percent levels. 
 

4.2.4 Exchange Rate Equilibrium 

Based on the restricted cointegration results in Table 4.8, the equilibrium real exchange 

rates (LRER) in India and China are calculated based on the following cointegrating equations 

with standard errors in parentheses: 
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India:
4.037 10.370 0.621 2.695 0.569 0.654

                            (1.345)             (0.078)            (1.104)        (0.184)          (0.076)
LRER LPRO LGEX WIR LTOT LOPN= − + − + +   

China:
0.179 0.000 1.855 11.735 1.913 0.769

                              (0.000)            (0.756)           (3.237)        (0.593)           (0.112)
LRER LPRO LGEX WIR LTOT LOPN= − − − − − +  

  

In general, the parameter estimates are consistent with expectations discussed in Section 

3. The negative sign of the variable LPRO for India suggests that an increase in the productivity 

in the traded good sector relative to the non-traded good sector is associated with real exchange 

rate appreciation, which is consistent with the Balassa-Samuelson theory. The exclusion of 

LPRO in China’s equilibrium exchange rate relationship indicates a lack of the Balassa-

Samuelson effect in China. This is possibly due to the fact that China’s domestic prices have 

been highly administered in the social economy setting, and the usual link between productivity 

and relative prices may be distorted leading to the break-down of the Balassa-Samuelson effect 

in this country. Similar findings are reported by Coudert and Couharde (2005). An increase in 

the government expenditure (LGEX) causes the rupee to depreciate but the yuan to appreciate. 

The difference in the sign is due to the fact that government expenditures of India might have a 

higher content of traded good than that of China, which is consistent with Cerra and Saxena 

(2002) and Zhang (2001). The negative sign associated with WIR indicates that a reduction in the 

world interest rate depreciates the long-run real exchange rates. This result is consistent with 

theoretical predictions in Section 3 as well as in Agenor (1998) and Hinkle and Montiel (1999).  

As shown earlier, the effect of the terms of trade on the equilibrium exchange rates 

according to the theoretical model is positive: an improvement in terms of trade will appreciate 

the currency. Due to the fact that the theoretical model does not provide a full account of the 

effects of terms of trade (ignoring substitution effect), it has also been shown that its effect can 

be ambiguous, depending on the relative importance between the substitution effect and the 

income effect. The positive signs on LTOT for India suggest the possible dominance of the 

substitution effect over the income effect and improvements in the terms of trade depreciate its 

currency. The reverse happens in the case of China where an increase in the terms of trade leads 

to real appreciation. The volume of trade, or degree of openness, as measured by the variable 
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LOPN is an importance factor in determining the level of real exchange rate. In both countries, 

the positive signs confirm the findings in the literature that economic closedness is typically 

associated with overvaluation, and external liberalization aimed at reducing tariffs and 

eliminating trade restrictions causes currency depreciations.     

 

4.3 Brief Assessments on the Two Currencies 

In order to obtain the “long-run”, “steady state” or “permanent” values of the economic 

fundamentals in each country, the Hodrick-Prescott (H-P) decomposing technique (Hodrick and 

Prescott, 1997) method is applied. The H-P filter decomposes the time series into a trend tµ   and 

stationary component t tx µ−  by minimizing: 

1
2 2

1 1
1 2

( ) [( ) ( )]
T T

t t t t t t
t t

x µ λ µ µ µ µ
−

+ −
= =

− + − − −∑ ∑ ,  

where λ  is an arbitrary constant reflecting the penalty of incorporating fluctuations into the 

trend. If 0λ = , the sum of squares is minimized when t tx µ=  and the trend is tx  itself. As 

λ →∞ , the trend approaches linearity. Hodrick and Prescott (1997) suggested a λ  to be 1600 

for quarterly data. However, different numbers should be used depending on the data 

frequencies. This number is much larger when the data set is monthly (100,000 140,000λ< < ), 

and much smaller when the data set is annual ( 6 14λ< < ) (see Hodrick and Prescott, 1997). In 

this analysis, λ  is chosen to be equal to 10 to match our annual data set. Based on the H-P 

filtered values of the economic fundamentals as well as the cointegrating vectors, the equilibrium 

exchange rates can be calculated for both countries. 

Of particular interest to this analysis is the movement of the two currencies in the recent 

two decades. Figures 4.1 and 4.2 compare the actual with the equilibrium exchange rates in India 

and China for the period 1980-2002. The actual real exchange rate of the Indian rupee has 

significantly increased (depreciated) from 1980-1993 (Figure 4.1). Large steps of devaluations 

started in 1988, continued through the crisis years, and ended in 1993. The equilibrium exchange 

rate shows a slight undervaluation of the currency in the beginning of the 1980s followed by a 

persistent overvaluation from 1986-1992. Concurrent with the long period of real exchange rate 

overvaluation was the deterioration of the country’s balance of payment and the depletion of 

foreign exchange reserves, which climaxed and turned into a crisis in 1991. In the official 



descriptions of the event, India’s financial crisis has been attributed to the poor performance of 

its external sector with substantial real exchange rate overvaluation, made worse by problems 

related to the Gulf War; and a loss of confidence in the government as political problems 

compounded the weak credibility associated with high fiscal deficits (Rangaranjan, 1993). Su

an explanation is consistent with our empirical model results, by which weak 

ch 

economic 

ndamentals are associated with depreciated currency, and given insufficient adjustments of the 

ctual exchange rate, overvaluation occurs. 

The actual real exchange rate came into line with the equilibrium for the first time in 

1993 after several major devaluations during the overvaluation period and as a result of the post-

crisis adjustment programs featuring macroeconomic stabilization and structural reforms, 

especially in the direction of trade and financial liberalization. The combined effects of these 

measures were evident on the external sector, and in the years following the crisis, rising capital 

inflows and shrinking trade deficits have led to continued accumulation of foreign exchange 

reserves. In the meanwhile, the actual real exchange rate of the Indian rupee has since then 

fluctuated around its equilibrium values with limited degrees of misalignments. As Figure 4.1 

shows, both the actual and the equilibrium rate have been relatively stable and stayed around 40-

50, and in cases of misalignments, the actual rate has moved in the direction of restoring the 

equilibrium.  

In comparison to the Indian rupee, the actual real exchange rate movements of the 

Chinese yuan during the post economic reform era are in general characterized by 

undervaluations (Figure 4.2). However, periods of overvaluation did occur, e.g., during the early 

reform years from 1980-1983 and more recently from 1996-1998. One factor underlying the 

movements of equilibrium exchange rate and periods of over- and under-valuation is the swing 

of the current and capital account and the irregular accumulation of the reserves (see Section 2).  

The real exchange rate has been undervalued for the most part from the mid-1980s to 

mid-1990s except for the year 1989. Strong economic fundamentals represented by China’s 

continuous current account and capital account surpluses as well as reserve accumulations are 

the major reasons for the currency undervaluation in this period. However, capital inflows to 

China still suffer from different degrees of volatility and sudden withdrawal risks, especially 

during times of crises in other countries. Indeed, the real exchange rate of the yuan experienced a 

fu

a
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period of overvaluation during the Asian financial crisis years (1997-1998). Yet, the degree of 

the overvaluation is relatively small. 

 

Figure 4.1: The Actual and Equilibrium Real Exchange Rates, India 
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Source: Author’s calculation. 

 

Figure 4.2: The Actual and Equilibrium Real Exchange Rates, China 
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Source: Author’s calculation. 
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It is also important to note that, starting from 2000, there has been a period of sustained 

undervaluation.40 The widening gap between the equilibrium and the actual rate in recent years 

has stimulated a heated debate on the issue of undervaluation of the Chinese yuan. The US in 

particular has expressed serious concerns on the undervaluation in face of its significant loss of 

manufacturing jobs and ballooning trade deficits with China, which amounted to over $12

billion and $162 billion in 2003 and 2004, respectively.

4 

 series of unfair trade practice 

petition

rrency 

 

d 

cted 

                                                

41 A

s (“Section 301”) against China have been filed by a coalition of industry and labor 

groups and the congress threatened to impose a large 28 percent tariff on Chinese imports. 

Despite the lobbying efforts from the US government with the aim to eliminate China’s cu

manipulation, the exchange rate of the Chinese currency remains fixed to the US dollar until 

most recently. On July 21, 2005, China revalued its currency against the dollar by a slight

appreciation of 2 percent. In fact, even during the 1997-98 Asian financial crisis, when the 

currency was considered overvalued, China held firm on its exchange rate, despite being force

into an uncompetitive export position and suffering internal deflationary pressures. The predi

degree of undervaluation in recent years (2001-2002) from this study averages about 18 percent. 

This number is a little smaller than predictions from studies such as Jeong and Mazier (2003), 

Benassy-Quere et al. (2004) and Wren-Lewis (2004), but is broadly consistent with those by 

Funke and Rahn (2004), Frankel (2004) and Coudert and Couharde (2005).   

 

 

 
40 Some authors find this episode of undervaluation starts as early as mid-1990s (e.g., Jeong and Mazier, 2003). 
41 Some researchers argue that the reason for large US trade deficits in recent years is not China’s fixed currency 
which may or may not be undervalued (Keidel, 2005).   
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5. Effects of Exchange Rates on the PSE 

It is widely agreed that the exchange rate in a country is very important to its agricultural 

sector. tage 

ers 

 

e 

c 

 

d 

 address the effects of exchange rates on 

griculture, because the NRP itself is only a partial indicator of agricultural policies. The NRP 

ure without taking into account other important factors such 

r 

 

policy monitoring and evaluation, the effects of the 

exchan

The issue of how exchange rate depreciation might be used to give commercial advan

to the country’s exports of agricultural products, or how appreciation might penalize produc

often arises. In the absence of policy interventions that alter the prices farmers receive for their

output or pay for their inputs and under perfect commodity arbitrage, the law of one price 

(LOOP) holds. In local currency terms, the domestic price is identical to the world market pric

adjusted by transaction costs (later referred to as the adjusted reference price) and all changes in 

the exchange rates are directly reflected in the domestic price. In this case, exchange rate 

fluctuations affect the price incentives facing domestic producers, but the gap between domesti

and adjusted reference price is zero and not affected by the exchange rate. However, with policy

interventions that affect domestic prices, a non-zero price gap can be measured, and its level 

changes with variations in the exchange rate.  

Focusing on the price gaps, a number of early studies have analyzed the effects of 

exchange rates on the agricultural sector using the nominal rate of protection (NRP) (e.g. 

Krueger, Schiff and Valdes, 1988 and 1991, Dorosh and Valdes, 1991, Pena and Norton, 1993, 

Bautista and Gehlhar, 1996, Bojnec and Swinnen, 1997). The findings from these studies 

confirm that the exchange rate plays an important role in determining agricultural incentives, an

in some cases, the effects from the exchange rate can overwhelm those from sectoral-specific 

policies. However, results based on the NRP do not fully

a

captures the price support to agricult

as direct payments to farmers linked to either outputs or inputs. More inclusive measures of 

protection, within a partial equilibrium or broader general equilibrium framework, provide fulle

accounts of the protection to agriculture. One such measure, still partial in nature but widely used

by OECD and others, is the PSE. The effects of exchange rate measured by the PSEs are thus 

different from those measured by the NPRs.  

In OECD’s annual agricultural 

ge rate on the PSE are reported by a “decomposition approach.” Such decomposition 

approach provides a measurement of the contribution of annual variation in different factors, 

including the exchange rate, to the overall annual PSE change. While the decomposition 
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approach is useful in determining component changes in PSE over time, it does not consider th

exchange rate misalignment at a particular point in time or make any adjustments necessary

account for it. The approach becomes less appealing when the official exchange rate significant

deviates from its equilibrium and gets severely misaligned, as the case for some developing or 

transition economies. In these cases, the degree of exchange rate misalignment should be 

explicitly taken into account when calculating the PSEs.    

In an effort to account for exchange rate misalignment, Liefert, et al. (1996) analyzed the 

effect of exchange rate on Russia’s PSE using a PPP approach. Their findings indicate that the 

ruble in the sample year of 1994 was substantially undervalued from its equilibrium. The 

undervaluation created an opportunity for domestic output to price-compete wit

e 

 to 

ly 

h world trade. 

Howev

n 

t” 

r 

 

e 

 the 

e 

 

PP, the selection of a base year in which the exchange rate is considered to be 

 equilibrium is crucial in determining the degree of exchange rate over- or under-valuation over 

he PSE. A different base year can lead to a set of totally different 

er, state controls and poor infrastructure “taxed” this opportunity and blocked the 

domestic producer incentive prices from rising to border prices leading to a high disprotectio

rate measured by the conventional PSE. The PSEs based on the PPP exchange rate generally 

indicate more agricultural support than calculations based on the official exchange rate. The 

difference between the two PSE estimates (PPP vs. the official) shows a positive “indirect effec

when the exchange rate is undervalued. They also show that the appreciation of the ruble in late

periods has eroded Russia’s agricultural price competitiveness. In a similar study, Shick (2002) 

finds that the ruble was overvalued in the Soviet economy and the year before the financial crisis

in 1998. Undervaluation occurred during the transition stage (1992-1994) and the years after th

crisis. Shick compared the conventional PSE evaluated at the official exchange rate with the PSE 

evaluated at an adjusted exchange rate based on Atlas conversion factor and concluded that

overvaluation and undervaluation had had significant impacts on the level of Russia’s PSE.42 Th

results are consistent with those by Liefert et al. (1996).  

Despite their plausible results, the calculations based on the PPP or adjusted exchange

rates involved a high degree of discretion, and the results are usually sensitive to an adjustment 

approach. For the P

in

time, and hence the effect on t

                                                 
42 The Atlas conversion factor exchange rate for any year is the average of Russia’s exchange rate in that year and 
the two preceding years, adjusted for the difference between the rate of inflation in Russia and that in 5 developed 
countries (France, Germany, Japan, the UK and the US).   
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PSE estimates. Harley (1996) argues that other models of equilibrium exchange rates are 

preferred to the PPP approach in PSE estimation.  

This section assesses the effects of exchange rate on the PSEs in India and China by 

applying our model-based equilibrium exchange rates identified in Section 4. In contrast to 

conventional PSE studies that assume fixed domestic prices, this analysis explicitly takes into 

account the possibility of exchange rate pass-through when counterfactual measures of MPS

PSE are presented assuming the exchange rates move to the equilibrium values. Indeed, there

may be sticky prices in agriculture for a number of reasons, e.g., price controls, border measure

etc. However, the assumption of no exchange rate pass-through appears to be too strong. In

case where exchange rate changes can pass through to domestic

 and 

 

s, 

 the 

 prices, the effect of exchange 

rate on

e 

 

e 

change rate pass-through. 

ng on the e ious analytical framework, and drawing on recent PSE studies by Mullen, 

 

 

ncy import prices resulting from a one percent change in the exchange rate between 

the exporting and importing countries. Changes in import prices are then passed on to domestic 

d consumer prices. This analysis therefore uses a broader definition of exchange rate 

e change in domestic prices that can be attributed to a prior 

e nom

es on 

e 

 the PSEs (by comparing the actual measures based on the observed exchange rates and 

counterfactual measures based on the equilibrium exchange rates) will depend on not only the 

degree of exchange rate misalignment but also the degree of its pass-through. This study thus 

considers different scenarios of exchange rate pass-though. In particular, it first estimates th

exchange rate pass-through coefficient based on a set of disaggregate commodity prices in each

country, and then compares the impacts of exchange rate on the PSEs in the case of no exchang

rate pass-through with the more realistic case of incomplete ex

Buildi  pr v

Orden and Gulati (2005) and Sun (2003), the effects of exchange rate on the MPS and PSE are 

examined both at the commodity and aggregate levels.  

5.1 Exchange Rate Pass-Through 

 The textbook definition of exchange rate pass-through (PT) is the percentage change in

local curre

producer an

pass-through, which is seen as th

change in th inal exchange rate.  

The empirical literature on exchange rate pass-though is extensive and usually focus

the manufacturing industries in a group of developed economies. Results from these studies hav

shown that domestic prices do not respond one-for-one to an exchange rate change, and the 
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exchange rate pass-through is far from complete (see Menon, 1995 or Goldberg and Knetter, 

1997 for a review of literature). According to Goldberg and Knetter (1997), only about 60 

percent of exchange rate changes are passed on to import prices in the US. The pass-though of 

exchange rate to consumer and producer prices is even smaller. The literature offers a numb

reasons f

er of 

or the incomplete pass-through of exchange rates to the import or domestic prices. The 

x lanation for this phenomenon is that many importing and exporting firms choose to hold 

cr e 

). 

rder and 

p

There are relatively fewer studies examining the exchange rate pass-through to the 

erf petitive 

arkets where complete exchange rate pass-through might prevail, some authors have found 

arket structure for some commodities. For example, Park and Pick 

(1996) and Griffith and Mullen (

rkets le

 

e 

d  (

 

te d

he 

odel 

It is important to note that the effect of exchange rate pass-through to domestic prices 

differs not only by commodities and commodity groups but also by commodity aggregation. One 

should always be explicit about what prices the exchange rate changes are passed-through to. 

main e p

their prices constant and simply reduce or in ease the mark-up on prices when the exchange rat

is changing. This price setting behaviour is referred to as “pricing-to-market” (Krugman, 1987

Of course, other factors such as product differentiation, spatial market separation and bo

domestic policies also contribute to incom lete exchange rate pass-through.     

agricultural commodity prices, and the results from these studies are often less clear cut. In 

contrast to the common belief that agricultural commodities operate in p ectly com

m

evidence of an imperfect m

2001) study the wheat and rice markets and conclude that the 

perfectly competitive structure is rejected in both ma ading to an incomplete exchange rate 

pass-through. However, for corn, cotton and soybeans, Pick and Park (1991) find evidence for a

competitive market structure. Yet, Alston, Carter and Whitney (1992) report incomplete pass-

through for the same commodities in similar time periods as used in Pick and Park (1991). Singl

estimates of pass-through are also available for a few other agricultural commo ities e.g. 

chicken in Patterson, Reca and Abbott (1996); tobacco in Pompelli and Pick (1990) and Rezitis

and Brown (1999); meat in Miljkovic, Bres r an  Marsh (2003); dairy and livestock in Swift 

(2004)), however, the conclusions from these studies are also mixed. Notably, exchange rate 

pass-through studies for developing countries such as India and China are scant, especially at t

commodity level.  

 

5.1.1 The Empirical M
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There is, on the one hand, the narrow sense of the pass-through to individual commodity prices, 

and, on the other hand, the broader sense of the pass-through to more aggregate price levels, e.g., 

the consumer price index or the whole sale price index, etc. Previous studies have shown that the 

difference between the degree of exchange rate pass-through to prices at different levels of 

aggregation can be substantial (Frankel, Parsley and Wei, 2005). For the purpose of this study, 

the analysis of exchange rate pass-though is limited to the disaggregate prices for the set of 

commodities that are later used in the PSE calculations for India and China. There is also an 

empirical consideration for using such disaggregate prices. In particular, as exchange rate and 

prices at the aggregate levels are both endogenous variables, a simultaneity bias would be 

avoided if empirical analysis is based on disaggregate prices.   

The starting point for the analysis of exchange rate pass-through is the law of one price 

(LOOP). Various theoretical and empirical studies have investigated the validity of the LOOP, 

but in general, there is no unanimous support or rejection (see Section 3 for discussions of LOOP 

in theory and Miljkovic (1999) and Xu and Orden (2002) for its application to agricultural 

commodities). In its absolute form, the LOOP states that the price of a traded good will be the 

same in both the domestic and foreign economies when expressed in a common currency. The 

LOOP for commodity i at time t can be expressed as follows: 

(5.1) *
it t itP E P=    1,...,i N=  1,...,t T=  

where P  is the domestic price of the traded good; *P  is the corresponding foreign price and E is 

the exchange rate in units of domestic currency per unit of foreign currency.  

Based on the LOOP, exchange rate pass-through studies have often utilized the “mark-

up” hypothesis to examine the “pricing-to-market” behaviour of the firms. That is, foreign 

exporters set their foreign price as a mark-up ( itπ ) on their marginal production cost in foreign 

currency ( itC ): 

(5.2) *
it it itP Cπ=  

Combining (5.1) and (5.2) gives 

(5.3)  it t it itP E Cπ=  

 Since data for marginal costs and mark-ups for individual commodities are seldom 

available, these studies typically use a cost index to proxy marginal cost and assume a specific 

form for the mark-up (see Hooper and Mann, 1989). It should be noted, however, cost indices 
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may not approximate marginal costs very well and if this measurement error is correlated with 

the errors, then OLS estimates are biased.TP

43
PT In addition to this, the estimation of (5.3) might be 

sensitive to the different forms of the mark-up that is assumed. To circumvent these problems, 

this analysis relies on the LOOP in (5.1) and uses a two way fixed effects panel regression 

model:TP

44
PT 

 (5.4) *
it i t t it itp e pα θ β γ ε∆ = + + ∆ + ∆ +  

where lower-case letters denote logarithms, ∆  is difference-operator, iα  and tθ  represent cross-

commodity and time-specific effects, β  and γ  are coefficients measuring the transmission of 

exchange rate and foreign price to domestic price, and itε  is the idiosyncratic error term 

distributed with mean zero and variance 2
εσ . This specification is a variant of the panel 

regression model proposed by Knetter (1989; 1993) to study pricing-to-market behaviour of 

exporting firms for a particular commodity (see also Yang, 1995; 1998).TP

45
PT  

 

5.1.2 Empirical Results 

Equation (5.4) can be estimated using a panel dataset that combine N commodities and T 

periods. The use of cross commodity ( iα ) and time ( tθ ) effects in the model explicitly 

recognizes the characteristics that are not directly observable but heterogenous across 

commodities and/or across time. The parameter estimate β  or γ  can be treated as the 

contemporaneous exchange rate or world price pass-through coefficient which measures the 

percentage change in domestic price given one percent change in the nominal exchange rate or 

world price. If β  or γ  is not significant different from one then there is complete 

contemporaneous exchange rate or world price pass-through to commodity prices. If β  or γ  is 

less than one, then there must be sticky prices for exchange rate or world price movements and 

the contemporaneous exchange rate or world price pass-through is incomplete. If prices are 

sticky, some lag time might be expected before prices completely reflect changes in exchange 

rate or world price. A more general model with different lag length of exchange rate and world 

price to capture their lagged effects on prices takes the form: 
                                                 
TP

43
PT Goldberg and Knetter (1997) suggest that this type of measurement error may actually be correlated with 

exchange rates so that pass-through estimates are biased downward. 
TP

44
PT A panel cointegration method is not used as the hypothesis of a panel unit root is rejected. 

TP

45
PT In Knetter’s model i denotes different export destinations and the exchange rate E also has a country dimension.  
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(5.5) ( )*

0

m

it i t k t k k it k it
k

p e pα θ β γ ε− −
=

∆ = + + ∆ + ∆ +∑  

where m represents the number of lagged terms in the equation.  

The estimation is based on equation (5.5) using two panel datasets that cover the period 

of 1985-2002 for 11 and 9 key commodities for India and China, respectively.TP

46
PT Annual data 

series are used due to the fact that short-run exchange rate changes (monthly or quarterly) may 

not be fully passed through to prices as they can be treated as temporary. Another reason for 

using the annual data is that for India and China higher-frequency data are simply not available. 

The annual domestic commodity prices for India from 1985-2002 are obtained from Mullen, 

Orden and Gulati (2005). For China, the data from 1995-2001 are from Sun (2003) and 

supplemented from various issues of China Statistical Yearbook published by China National 

Bureau of Statistics. The exchange rate data are nominal market rates obtained from IMF IFS. 

For the foreign prices, import unit values are used for China. However, import unit values may 

change due to changes in the commodity composition of trade, which may not reflect actual 

changes in commodity prices. Therefore, world commodity prices are used instead for India 

where detailed data are available. The original world price series are obtained from various 

sources and are described in Table 5.1. Using corresponding freight rates between exporting and 

destination country (in this case India), the f.o.b. or c.i.f. prices listed in Table 5.1 are converted 

into c.i.f. India prices.TP

47
PT 

Table 5.2 shows the results of the exchange rate pass-through coefficient (β ) estimated 

using a fixed effect panel regression for India and China based on the commodity prices. At this 

level of commodity disaggregation, exchange rate changes can arguably be treated as exogenous. 

Model 1 is a simple pooled regression that does not consider either commodity or time effects. 

Model 2 considers the commodity effect that captures unobserved heterogeneity across 

commodities (e.g., consumer demands). In addition to commodity effect, model 3 also takes into 

account the time effect that has common impacts in each time period across all commodities 

                                                 
TP

46
PT The commodity coverage corresponds to the PSE calculations in Section 5. Specifically, the 11 commodities for 

India include wheat, rice, corn, sorghum, groundnuts, sugar, rapeseed, soybeans, sunflower, chickpeas and cotton. 
The 9 commodities for China include rice, corn, sorghum, peanut, wheat, cotton, soybeans, rapeseed and sugar.  
TP

47
PT For example, wheat c.i.f. India price is the f.o.b. price at US gulf port plus the freight rate from US to India. 

Cotton c.i.f. India price is the c.i.f. Europe price minus freight rate from Europe to US plus the freight rate from US 
to India. The freight rates are obtained from Mullen, et al. (2004). 
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(e.g., national income). Two different lag structures are considered with m ranging from 0-1. TP

48
PT 

Student-t statistics are provided for the test that a) contemporaneous or aggregate pass-through 

coefficient is zero, which is consistent with no pass-through; b) contemporaneous or aggregate 

pass-through coefficient is one, which is consistent with complete pass-through.  

 
Table 5.1: Description of World Commodity Prices 

Commodity Description Source 
Wheat U.S. Wheat, No.2 hard red winter, f.o.b. Gulf Ports Wheat Yearbook, USDA 
Rice Thai Rice, 5 percent parboiled, f.o.b. Bangkok Rice Yearbook, USDA 
Corn U.S. No.2 Yellow, f.o.b. Gulf Ports Feed Grains Data Base, USDA

Soybean U.S. No. 2 Yellow, c.i.f. Rotterdam  FAO 

Sugar International Sugar Agreement (ISA), raw, f.o.b. 
Caribbean ports 

Sugar and Sweetener 
Yearbook, USDA 

Cotton A Index, middling 1-3/32”, c.i.f. Northern Europe Cotton and Wool Outlook, 
USDA 

Sunflower U.S./Canadian Sunflower, c.i.f. Rotterdam  Oil World 
Sorghum U.S. sorghum No. 2 Yellow, f.o.b. Gulf Ports Feed Grains Data Base, USDA

Groundnut Any origin, c.i.f. Rotterdam  Oil World 
Rapeseed c.i.f. Humberg Oil World  
Chickpea c.i.f. Rotterdam Oil World 

Peanut c.i.f. Rotterdam Oil World 
 
Table 5.2: Pass-Through Coefficient by Fixed Effect Panel Estimation  

 India China 
 Model 1 Model 2 Model 3 Model 1 Model 2 Model 3 

No Lag ( 0m = )       
β  0.82 0.80 0.81 0.65 0.68 0.72 

t-stat for  0H : 0β =  (2.29)P

*
P (2.16)P

*
P
 (2.45)P

*
P
 (1.95)P

 *
P
 (1.98)P

 *
P
 (2.01)P

 *
P
 

t-stat for  0H : 1β =  (3.54)P

*
P
 (3.71)P

*
P
 (4.42)P

*
P
 (4.33)P

 *
P
 (3.84)P

 *
P
 (3.76)P

 *
P
 

       
1 Lag ( 1m = )       

β∑  0.78 0.77 0.77 0.69 0.74 0.73 
t-stat for  0H : 0β∑ =  (5.62)P

*
P
 (5.83)P

*
P
 (5.82)P

*
P
 (3.07)P

*
P
 (3.32)P

*
P
 (2.31)P

*
P
 

t-stat for  0H : 1β∑ =  (4.21)P

*
P
 (3.13)P

*
P
 (3.20)P

*
P
 (1.45) (1.49) (1.01) 

       
Commodity Dummies No Yes Yes No Yes Yes 

Time Dummies No No Yes No No Yes 
Note: Calculated t-statistics are in parentheses. * denotes significance at 5% level. 

                                                 
TP

48
PT Results of aggregate pass-through from longer time lags are similar to 1 lag.   
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 The results in Table 5.2 show that exchange rate pass-through onto domestic prices is 

fairly high for both India and China.TP

49
PT The point estimates differ slightly across models. When 

there is no lag, contemporaneous exchange rate pass-through coefficient range from 80-82% for 

India and 65-72% for China. The model results are not sensitive to different lag structures. 

Adding one lag of the exchange rate variable to the estimation only slightly changes the 

(aggregate) pass-through. For all model specifications, the pass-through coefficient is significant, 

indicating that no exchange rate pass-through in both countries is rejected. However, despite 

high pass-though coefficients, the null hypotheses that they are equal to one, i.e., complete 

exchange rate pass-through, is also rejected. An exception is China where the null of complete 

pass-through is accepted when a lagged exchange rate is included. For India, the pass-through 

coefficients from this analysis are similar to those found by Mallick and Marques (2004) who 

examine the pass-through of exchange rate to more aggregate import and export prices.  For 

China, however, the coefficients are higher than those based on aggregate prices levels (e.g. Lu 

and Zhang, 2003) 

 

5.2 Effects on MPS 

Market price support (MPS) is an important component of the PSE. It is defined as “an 

indicator of the annual monetary value of gross transfers from consumers and taxpayers to 

agricultural producers arising from policy measures that create a gap between domestic market 

prices and border prices of a specific commodity measured at the farmgate level” (Portugal, 

2002). The effects of exchange rate on the PSE are directly reflected in the estimation of the 

MPS component as an exchange rate is introduced to convert the world price into domestic 

currency. The MPS for a specific commodity (j) in monetary terms is defined as:  

(5.6) ( )d ar
j j j jMPS P P Q= − ×  

where:
          :  domestic producer price of commodity j

          :  adjusted reference price of commodity j 

          :  quantity of commodity j

d
j

ar
j

j

P

P

Q  

                                                 
TP

49
PT A regression based on real exchange rate and real commodity prices (CPI deflated) gives similar results. 
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The adjusted reference price ar
jP  is the world market price (either a relevant import c.i.f. price or 

export f.o.b. price depending on whether the commodity is an importable or an exportable) 

expressed in domestic currency and adjusted by various transaction costs.TP

50
PT The cost adjustment 

process also differs by the commodity’s trade status (see Mullen, et al., 2004 for details), but in 

either case, the adjusted reference price can be expressed as:

 (5.7) ar w
j j jP P E ADJ= × +  

where:
          :  world market price of commodity j

          :  nominal exchange rate 
          :  domestic cost adjustment for commodity j

w
j

j

P

E
ADJ

 

The jMPS  in percentage terms is:  

(5.8) %
d ar
j j

j ar
j

P P
MPS

P
−

=  

The % jMPS  is equivalent to the traditional nominal rate of protection (NRP). 

Following the terminology of Krueger, Schiff and Valdes (1988), the “direct effect” is 

defined that is induced by sector-specific policies as the %MPSBj B calculated using the actual 

nominal exchange rate E:  

(5.9a) 
( )

Direct Effect % ( )
( )

d ar
j j

j ar
j

P P E
MPS E

P E
−

= =  

where:
          ( ) :  adjusted reference price of commodity j evaluated at ar

jP E E
 

The direct effect measures the proportionate excess of the domestic price from the adjusted 

reference price evaluated at the actual exchange rate. Similarly, the “total effect” that is induced 

                                                 
TP

50
PT Byerlee and Morris (1993) point out that the conventional methods of comparing the domestic price to an import 

or export adjusted reference price can sometimes lead to an incorrect estimate of protection. They argue that the 
selection of a relevant reference price (PP

ar
P) depends on the relationship between the autarky equilibrium price (PP

*
P) 

and the adjusted reference prices for imports (PBm B) and exports (PBe B). Because of international and domestic cost 
adjustments, it is always the case that PBm B> PBe B. When PP

*
P>PBm B, then PBm B is the relevant PP

ar
P; when PBe B>PP

*
P, then PBe B is the 

relevant PP

ar
P; and when PBm B>PP

*
P>PBe B, then PP

*
P is the relevant PP

ar
P. This price relationship, not the observed trade under 

the policies in place, determines the level of protection or disprotection relative to the price level that would exist in 
the absence of the policy interventions (see also Mullen, et al., 2004). 
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by both sectoral and exchange rate policies is defined as the % jMPS  calculated using the 

equilibrium exchange rate E*.  

(5.9b) 
( )

Total Effect % ( ) 100
( )

d ar
j j

j ar
j

P P E
MPS E

P E

∗
∗

∗

⎡ ⎤−
= = ×⎢ ⎥

⎢ ⎥⎣ ⎦
 

where: 

          :  nominal equilibrium exchange rate
          ( ) :  adjusted reference price evaluated at ar

j

E
P E E

∗

∗ ∗
 

The difference between the total and direct effect captures the “indirect effect” of misalignment 

of the exchange rate: 

(5.9c) 

Indirect Effect % ( ) % ( )

( ) ( )
                        =

( ) ( )

j j

d ar d ar
j j j j

ar ar
j j

MPS E MPS E

P P E P P E
P E P E

∗

∗

∗

= −

⎡ ⎤ ⎡ ⎤− −
−⎢ ⎥ ⎢ ⎥

⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦

 

It is evident from equation (5.9c) that the magnitude of the indirect effect is determined 

by the wedge between % ( )jMPS E∗  and % ( )jMPS E  caused by the exchange rate misalignment. 

Ignoring the domestic cost adjustment (ADJ), the wedge is shown to be 
d
j

w
j

P
m

P E
, where m is the 

percentage exchange rate misalignment, 
*

*

E Em
E
−

= .TP

51
PT When the exchange rate is overvalued 

( 0m < ), the indirect effect is negative; when the exchange rate is undervalued ( 0m > ), the 

indirect effect is positive; and when there is no exchange rate misalignment ( 0m = ), the indirect 

effect is zero.  

Now suppose that the actual exchange rate moves to its equilibrium in a given year due to 

factors such as changes in macroeconomic environment or government policies, or a 

counterfactual analytical simulation. Since the exchange rate changes can affect not only the 

reference prices but also the domestic prices, a distinction is made according to the degree of the 

exchange rate pass-through. With no exchange rate pass-through (NPT), the domestic price 

remains at d
jP , even when the exchange rate changes from E to E*. But when there is exchange 

rate pass-through, the domestic price changes to the following:  
                                                 
TP

51
PT Ignoring the domestic cost adjustment (ADJ) simplifies the expressions for the indirect effect. However, in the 

later MPS and PSE calculations, the ADJ is taken into account.  
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(5.10a) *

1

d
jd

j

P
P

m
=

+
        (CPT) 

(5.10b) **

1

d
jd

j

P
P

mβ
=

+
    (IPT) 

*

**

where:
          :  domestic price with complete exchange rate pass-though (CPT)
          :  domestic price with incomplete exchange rate pass-though (IPT)
         :  exchange rate pass-through co

d

d

P
P
β efficient  

The counterfactual % jMPS  assuming that the exchange rate is now in equilibrium 

(denoted as % CF
jMPS , where CF denotes “counter-factual”) is given for each exchange rate 

pass-through scenarios, i.e., no pass-through (NPT), complete pass-through (CPT), and 

incomplete pass-through (IPT) as:  

(5.11) 

( )

( )

( )

*

**

( )
 NPT

( )

( )
%  CPT

( )

( )
IPT

( )

d ar
j j

ar
j

d ar
j jCF

j ar
j

d ar
j j

ar
j

P P E
P E

P P E
MPS

P E

P P E
P E

∗

∗

∗

∗

∗

∗

⎧ −
⎪
⎪
⎪ −⎪= ⎨
⎪
⎪ −⎪
⎪⎩

 

The MPS ( % CF
jMPS ) in equation (5.11) represents incentives to farmers that might be 

different from those measured by the direct MPS in equation (5.9a). Again ignoring the domestic 

cost adjustment (ADJ), the difference for the three exchange rate pass-through scenarios are 

given by: 

 (5.12) 
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The comparison between the direct MPS (based on the actual exchange rate) and the 

counterfactual MPS (assuming the actual exchange rate has changed to its equilibrium) is 
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summarized in Table 5.3. It can be seen from Table 5.3 that in the case of no exchange rate pass-

through (NPT), the difference between % CF
jMPS  and the initial direct % jMPS  is equal to the 

indirect effect of exchange rate shown above, representing a full transfer of the exchange rate 

effect into the new measure of the MPS. The magnitude of the indirect effect, and thus the 

transfer, is determined only by the initial exchange rate misalignment (m) and the price gap at the 

initial exchange rate. The transfer of the indirect effect gets more complicated if the exchange 

rate pass-through is taken into account. In the case of incomplete exchange rate pass-through 

(IPT), it is determined by a combination of the initial exchange rate misalignment (m) and the 

degree of pass-through (β ), as well as the initial price gap. The transfer is zero when there is 

complete exchange rate pass-through ( 1β = ), no matter how much the exchange rate was 

misaligned. Removing the exchange rate misalignment in this case affects the price incentives 

producers face but leaves the protection coefficient (measured by initial direct % jMPS  and 

counterfactual % CF
jMPS ) unchanged.   

 

Table 5.3: A Comparison between Counterfactual and Direct MPSBjB  

 Pass-though 
 NPT CPT IPT 
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Note: *Ignoring domestic cost adjustment (ADJ). NPT: No pass-through; CPT: Complete pass-through; IPT: 
Incomplete pass-through.  
 

It can be further shown that for small m and β  the following hold: 

(5.13) (1 ) (1 )0   and  0      1 and 1
1 1
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Therefo

e 

port 

 

t MPS results under 

observe

 

re, the exchange rate effect that transfers into the MPS measure under incomplete pass-

through always lies between complete and no pass-through, and decreases as the degree of 

exchange rate pass-through increases. The more complete the exchange rate pass-through is, th

smaller the indirect effect is transferred into the MPS and the more it disappears from the sup

measure. In the following, empirical results are shown for India and China by calculating the

commodity specific MPS with no exchange rate pass-through (NPT) and with the previously 

estimated incomplete pass-through (IPT). The case of complete exchange rate pass-through 

(CPT) is not reported explicitly, but can be inferred from the reported direc

d exchange rates. 

  

5.2.1 India 

To evaluate the direct, total and indirect effects for India, a recent analysis by Mullen, 

Orden and Gulati (2005) is drawn. The actual nominal exchange rates are the annual average

official rates and the nominal equilibrium exchange rates are derived from the corresponding real 

equilibrium rates from Section 4.52 The calculations are undertaken for 11 commodities 

including wheat, rice, corn, sorghum, sugar, groundnut, rapeseed, soybeans, and sunflower, 

chickpeas, and cotton. Following Mullen, Orden and Gulati (2005), the % jMPS  for six 

commodities (wheat, rice corn, sorghum, groundnuts and sugar) are calculated using the B e

and Morris (1993) procedure in determining the reference prices (see footnote 50), while 

peseed, soybeans, su

y rlee 

ra nflower, chickpeas and cotton are assumed to be im or all years. 

Table 5

portable f

.4 shows the direct, indirect and total effects measured by commodity-specific % jMPS  

for India for the period of 1985-2002.  

                                                 
52 Specifically, the nominal equilibrium exchange rate is obtained by multiplying the real equilibrium exchange rate 
by the ratio of India’s CPI to US CPI.  
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Table 5.4: Direct, Indirect and Total Effects by %MPSj, India 

1985-1988 (I)  1989-1992 (II)  1993-1998 (III)  1999-2002 (IV) 
  %Misalignment -8.6  %Misalignment -11.8  %Misalignment 3.6  %Misalignment -2.8 

Commodity   Direct Indirect Total Direct Indirect Total  Direct Indirect Total  Direct Indirect Total 
Wheat  - -22.51.7 -3.1 -4.8 -12.8 -9.7 -16.8 3.5 -13.3 14.6 -0.0 14.6
Rice  - -40.7
Corn  1 -27.6
Sorghum  4 2
Groundnuts  
Sugar  7 -18.2
Rapeseed  1
Soybeans  -20.7 -
Sunflower  5 5 -
Chickpeas  -16.8 -
Cotton  2 -11.6
Average  2 -11.1 -

1.0 -2.0 -1.0
-15.7 -2.2 -17.9
23.9 -2.9 20.9
11.6 -1.8 9.8
28.8 -3.0 25.8
-1.7 -2.4 -4.2

-30.6 -1.7 -32.4
-18.3 -2.1 -20.4
-7.8 -2.5 -10.3

-17.2 -2.8 -20.0
-1.0 -2.1 -3.1

-29.7 2.6 -27.0
-29.5 2.5 -27.0

4.2 5.4 9.6
2.2 4.0 6.2

-2.1 3.7 1.6
-6.4 3.0 -3.4
22.0 2.6 -19.4
12.2 3.0 -9.2
23.7 2.7 -21.0
-8.6 3.6 -4.9
13.1 3.3 -9.8

5.3 -8.4 -13.7 -30.4 -10.2 
9.9 -10.5 9.4 -17.0 -10.6 
8.6 -6.3 42.3 13.7 -11.6 .1

65.2 -13.3 51.9 26.8 -14.9 11.9
8.4 -13.7 64.8 -3.8 -14.4 
0.8 -9.2 1.6 30.7 -13.5 17.1
2.4 -8.8 -6.4 -10.7 -10.0 
0.1 -13.0 37.2 19.1 -13.8 .3
2.5 -9.4 -6.9 -4.8 -11.9 
1.2 -11.2 10.0 2.6 -14.2 
6.6 -9.7 16.9 1.2 -12.3 

Note: 1) %Misalignment is tion 4.  
          2) Simple unweighte
Source: Author’s calculati

 an average of annual percentage misalignment from Sec
d average is provided in the last row. 

on. 

 



The sample period 1985-2002 is divided into four distinct subperiods for the presentation

of our results. Period one (I) covers 1985-1988 when the exchange rate started to overvalue w

an average overvaluation of -8.6 percent. Period two (II) repre

 

ith 

sents a sustained overvaluation 

period 

s 

easures 

n 

 

the 

from 1989 to 1992 during which the crisis occurred and the exchange rate was under 

active adjustment. The overvaluation in this period was -11.8 percent. Period three (III) is a 

slight undervaluation period from 1993-1998 with an undervaluation of 3.6 percent. The last 

period (IV) is the stable exchange rate period from 1999-2002 when the actual exchange rate i

close to the equilibrium rate with a slight overvaluation of -2.8 percent.    

The numbers on the direct effect in Table 5.4 are equivalent to the conventional m

of %MPS or NRP. It is clear that there are significant variations in the magnitude and directio

of protection among various commodities and for each commodity over different periods. On 

average, the agricultural protection or disprotection measured by the direct effect has shown a

counter-cyclical pattern in India. Specifically, the direct effect was generally positive when 

world commodity prices were low during the first period (I). It became almost neutral during 

crisis years (period II), and turned to disprotection when the world prices strengthened in the 

mid-1990s (period III). The world prices have since then followed a downward trend, and in the 

most recent period (IV), the direct effect shows an increase in support for key commodities such 

as wheat, rice and sugar while an unweighted average still indicates a slight disprotection.53 

These results are consistent with Mullen, Orden and Gulati (2005), who report their commodity 

% jMPS  on an annual basis.54

The indirect effect caused by exchange rate misalignments has had quite different 

impacts on India’s agriculture in comparison to the direct effect. It counteracted the direct effect 

in periods I, II and III, but reinforced it in period IV. The indirect effect was greater in the years 

before and during the crisis, when the exchange rate was continuously misaligned. In the post-

crisis years, as the result of decreased magnitude of exchange rate misalignment following 

macroeconomic restructuring, the indirect effect has dampened down. 

On average (unweighted), India’s agricultural sector has been indirectly penalized by 

exchange rate overvaluation in periods I, II and IV, but subsidized by exchange rate 

undervaluation in period III. Within each period, however, the indirect effect exhibits some 
                                                 
53 The unweighted average numbers provided in the last row of each table should only be treated as indicative.  
54 Some slight differences exist since the actual exchange rates used in this study are calendar-year average official 
exchange rates while they are often harvest season average official rates in Mullen, Orden and Gulati (2005). 
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re Co o - cif M a e T direct Effect, India 

 5-1988 (I)  1989-1992 (II) 

of 

198

mm dity Spe ic PS nd th ransfer of the In

 % lignment -8.6 lignment -11.8 Misa  %Misa
 NPT  IPT  NPT  IPT 

Commodity % CF
jMPS Transfer 

to Direct  % CF
jMPS Transfer 

to Direct
Non-

transfer  % CF
jMPS Transfer 

to Direct  % CF
jMPS Transfer 

to Direct
-
e

Non
transf r

Wheat -4.8 -3.1  -2.8 -1.1 -2.0  2.5 -9.7  -14.6 -1.8 9  -2  -7.
Rice -13.7 -8.4  -7.6 -2.2 -6.2  0.7 -10.2  -33.2 -2.8 4 
Corn 9.4 -10.5  18.2 -1.7 -8.8  7.6 -10.6  -19.0 -2.0 6 

Sorghum 42.3 -6.3  48.1 -0.5 -5.8  2.1 -11.6  12.5 -1.2 -10.4 
Groundnuts 51.9 -13.3  62.9 -2.2 -11.1  1.9 -14.9  23.7 -2.9 -12.0 

Sugar 64.8 -13.7  75.7 -2.7 -11.0  8.2 -14.4  -6.8 -3.0 -11.4 
Rapeseed 1.6 -9.2  9.6 -1.1 -8.1  7.1 -13.5  29.0 -1.7 -11.8 
Soybeans -6.4 -8.8  1.1 -1.2 -7.6 0.7 -10.0  -12.3 -1.6 4 
Sunflower 37.2 -13.0  48.1 -2.0 -11.0  5.3 -13.8  16.8 -2.4 -11.4 
Chickpeas -6.9 -9.4  0.0 -2.5 -6.9  6.8 -11.9  -8.0 -3.1 8 

Cotton 10.0 -11.2  18.0 -3.2 -8.0  -11.6 -14.2  -1.1 -3.7 5 
Average 16.9 -9.7  24.7 -1.9 -7.8  1.1 -12.3  -1.2 -2.4 9 

-7.
-8.

-8.

-8.
-10.

-9.

-4
-2

1
-1
1

 -2

-1

-1

 

 

Table 5.5: Counterfactual Measu
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  1999-2002 (IV) 

Table 5.5: Continued: 

1993-1998 (III) 
 %Misalignment -2.8 %Misalignment 3.6  
 NPT  T  IPT  IPT NP

Commodity % CF
jMPS Transfer

to Direct
  % CF

jMPS Transfer 
to Direct

Non-
transfer  % CF

jMPS Transfer 
to Direct  % CF

jMPS Transfer 
to Direct

Non-
transfer 

Whea 3.5 -0.0  14.6 -0.0 0.0 t -13.3  -15.6 1.2 2.3  14.6 
Rice   -2.0  0.8 -0.6 -1.4 
Corn  -17.9 -2.2  -16.0 -0.3 -1.9 

Sorghu  20.9 -2.9  23.7 -0.2 -2.7 
Groundn 4.0 9.8 -1.8  11.0 -0.6 -1.2 

Sugar  25.8 -3.0  28.7 -0.1 -2.9 
Rapese 3.0 -4.2 -2.4  -2.0 -0.3 -2.1 
Soybea -32.4 -1.7  -30.9 -0.2 -1.5 
Sunflow -20.4 -2.1  -18.6 -0.3 -1.8 
Chickpe -10.3 -2.5  -8.4 -0.6 -1.9 

 -20.0 -2.8  -18.1 -0.9 -1.9 
Averag  -3.1 -2.1  -1.4 -0.4 -1.7 

 -27.0 2.6
 -27.0 2.5
m 9.6 5.4
uts 6.2 
 1.6 3.7
ed -3.4 
ns -19.4 2.6
er -9.2 3.0
as -21.0 2.7

Cotton -4.9 3.6
e -9.8 3.3

 -28.9 0.7 1.9 
  -29.1 0.4 2.1 
  6.6 2.4 3.0 

 3.4 1.2 2.8  
  -1.3 0.8 2.9 

 -6.1 0.3 2.7  
  -21.7 0.3 2.3  
  -11.8 0.4 2.6  
  -23.1 0.6 2.1  
  -7.4 1.1 2.5 
  -12.2 0.9 2.4 

Note: 1) NP
          2) Th 1
          3) %M nnual p
          4) Sim vided i
Source: Author’s 

-1.0 

T: No Pass-through; IPT: Incom
e pass-through coefficient is 0.8

isalignment is an average of a
ple unweighted average is pro

calculation. 

plete Pass-through. 
.  

ercentage misalignment from Section 4.  
n the last row. 

 



Figure 5.1: Direct and Counterfactual Effects by %MPSj for Wheat, India 
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Figure y %MPS 5.3: Direct and Counterfactual Effects b j for Sugar, India 
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5.2.2 China 

For China, our evaluation on the PSE is based on an earlier analysis by Sun (2003). The 

% jMPS  is based on 9 commodities: wheat, rice, corn, sorghum, peanut, cotton, rapeseed, 

soybeans and sugar.59 The nominal equilibrium exchange rates used for the calculations are aga

derived from the corresponding real equilibrium exchange rates in Section 4. Due to data 

constraints, the Byerlee and Morris (1993) procedure is not applied in China: rice, corn, sorghum 

and peanut are assumed to be exportable and wheat, cotton, soybeans, rapeseed and sugar are 

assumed to be importable. For presentation of the results, the sample period is divided in the two 

subperiods (I and II), representing, respectively, periods o

in 

f slight currency overvaluation (1995-

1998) and more intense undervaluation (1999-2001). Table 5.6 shows the direct, indirect and 

ct by commodity-specifictotal effe  % jMPS  in China for the period of 1995-2001.  

The direct effect reported in Table 5.6 indicates that the protection/disprotection vary 

mong commodities. In general, corn, rapeseed, soybeans and sugar are protected while 

sorghum, peanuts and cotton are disprotected. The agricultural importables either have a higher 

rate of protection or a lower rate of disprotection relative to exportables, reflecting China’s 

strategy of import substitution but also our lack of adjustments for domestic costs in the 
                                                

a

 
59 This represents a subset of the 21 commodities covered by Sun (2003). However, by including only the major 
agricultural commodities, the difficulties of computing an appropriate adjusted reference price can be avoided for 
some highly differentiated horticulture and livestock products, for which only very limited data is available.  
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Table 5.6: Direct, Indirect and Total Effect b

 However,

1998

 a lo

) an

ng-

d T

term

ian,

 trend

 Zh
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rted

 in p

 %Misa lignment 9.2 lignment -3.2 %Misa
Commodity Direct Indirect Total Indirect Total Direct

Rice -10.0 -3.1 -13.1 1.7 9.9 11.6 
Corn 7.1 .5 10.0 15.5 

Sorghum 6.4 -26.2 
Peanut -39.1 5.5 -33.7 
Wheat 3.8 -2.6 1.2 -18.2 7.4 -10.8 
Cotton -7.6 -2.9 -10.5 -28.0 6.8 -21.2 

Soybeans 18.9 10.5 26.0 
Rapeseed 11.5 -3.5 8.0 2.8 9.1 11.9 

Su 31.0 -3.8 27.2 1 25.8 
 -0.1 

-2.5 4.6 5
-18.1 -

-
1.5 
1.8 

-1
-4

9.6
0.9

-32.6
-39.2

-3.8 15.1 15.5

gar 5.1 10.7 
Average -0.3 -2.8 -3.1 -8.6 8.5 
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Source: Author’s 

taxed or sub

rate is slightly overvalued, th

averages (unweighted) about -2.8 percent in peri

in period II has had a much greate

agricultural sector by 8.5 

resulting in close to 

                                                

1) %Misalignm
2) Sim

.

ent is an 4.  
   le unweighted average is provided in the last row. 

calculation. 

em ither indirectly 

sid g o od when the exchange 

e effect of exchange rate misalig s relatively small and 

r impact on the agricultu directly subsidized the 

per t, on averag eighted

n

average of annual percentage misalignment f

ent in China has e

), c

rom Section 
p

  
As d onstra

ized the a

ted for 

ric

Indi

ultu

a, ex

ral s

cha

ect

nge

r in

 rat

 the two periods. In the peri

e misalignm

nme

t

nt i

or. I

od I. However, the exchange rate undervaluation 

ral sec t in

cen

otal ef

e (unw

eutral t fect.  

 
60 Mullen, et al. (20 he results only for five commodities (wheat, rice and corn).  04) report t

ounteracting the direct effect and 

soybeans, sugar, 



Table 5.7 shows the measure of the MPS ( % CF
jMPS )counterfactually assuming the 

exchange rate is in equilibrium, as well as the tr effect under the assumption 

of no exchange pass-through (NPT) and incomplete exchange rate pass-through (IPT). The 

exchange rate pass-through coefficient for th  Section 5.1.61  Similar to 

the results for India, when there is no exchange rate pass-through (NPT), the indirect effect of 

exchange rate is completely transferred into the 

ansfer of the indirect 

e analysis is obtained from

% CF
jMPS  (the non-transfer part is always zero 

and not reported in the table). The transfer is small and averages 2.8 percent in the first period 

when the exchange rate is close to equilibrium but increases to 8.5 percent in the second period 

when the exchange rate is significantly out of equilibrium. Since the contemporaneous pass-

through of exchange rate in China is also high (0.72), a large portion of the indirect effect 

his. In period I and II, only 1-2 percent of the indirect exchange remains 

 the counterfactual MPS measure.  

Again, the unweighted averages reported in Table 5.6 and 5.7 disguise the otherwise 

ross various 

years. The annual direct %MPSj and counterfactual measures (labeled MPS(NPT) and MPS(IPT) 

complete pass-through) for wheat, rice and sugar are drawn in Figures 

.4-5.6. In China, wheat was protected only in 1995 and the rate of disprotection measured by 

e direct effect increased in later years peaking in 2001 at about -20 percent (Figure 5.4). There 

as been a shift toward support for rice during 1995-2001 while the sugar has been protected for 

e whole period (Figure 5.5 and 5.6). For all three commodities, the counterfactual measure 

ler disprotection 

(e.g. wheat) or greater protection (e.g. rice and sugar).     

 

 

 

 

                                                

disappears as a result of t

in

different patterns of protection and disprotection for individual commodities ac

for no pass-through and in

5

th

h

th

assuming exchange rate is in equilibrium during 1999-2001 indicates either smal

 
61 Based on a two way fixed effect model (Model 3) with no time lag on the exchange rate (Table 5.1), the pass-
through coefficient of 0.72 is chosen and applied to each commodity. Again, for different commodities different 
exchange rate pass-through coefficients can be used.    
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Table 5.7: Counterfactual Measure of Commodity-Specific MPS and the Transfer of the Indirect Effect, China 

 1995-1998 (I)  1999-2001 (II) 
 %Misalignment -3.2  %Misalignment 9.2 
 NPT  IPT  NPT  IPT 

Commodity % CF
jMPS Transfer 

to Direct  % CF
jMPS Transfer 

to Direct
Non-

transfer  % CF
jMPS Transfer 

to Direct  % CF
jMPS Transfer 

to Direct
Non-

transfer 
Rice -13.1 -3.1  -11.0 -1.0 -2.1  11.6 9.9  4.2 2.5 7.4 
Corn 4.6 -2.5  6.3 -0.8 -1.7  15.5 10.0  8.1 2.6 7.4 

Sorghum -19.6 -1.5  -18.6 -0.5 -1.0  -26.2 6.4  -30.9 1.7 4.7 
Peanut -40.9 -1.8  -39.6 -0.5 -1.3  -33.7 5.5  -37.8 1.4 4.1 
Wheat 1.2 -2.6  3.0 -0.8 -1.8  -10.8 7.4  -16.3 1.9 5.5 
Cotton -10.5 -2.9  -8.5 -0.9 -2.0  -21.2 6.8  -26.3 1.7 5.1 

Soybeans 15.1 -3.8  17.8 -1.1 -2.7  26.0 10.5  18.2 2.7 7.8 
Rapeseed 8.0 -3.5  10.4 -1.1 -2.4  11.9 9.1  5.1 2.3 6.8 

Sugar 27.2 -3.8  29.8 -1.2 -2.6  25.8 10.7  17.8 2.7 8.0 
Average -3.1 -2.8  -1.1 -0.8 -2.0  -0.1 8.5  -6.4 2.2 6.3 

Note: 1) NPT: No Pass-through; IPT: Incomplete Pass-through. 
          2) The pass-through coefficient is 0.72.  
          3) %Misalignment is an average of annual percentage misalignment from Section 4.  
          4) Simple unweighted average is provided in the last row. 
Source: Author’s calculation. 



Figure 5.4: Direct and Counterfactual Effects by %MPSj for Wheat, China 
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Source: Author’s calculation. 
 

 

Figure 5.5: Direct and Counterfactual Effects by %MPSj for Rice, China 
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Figure 5.6: Direct and Counterfactual Effects by %MPSBjB for Sugar, China 
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Source: Author’s calculation. 

 

5.3 Effects on Commodity-Specific PSE  

 According to OECD’s definition, the PSE is categorized into eight components including 

the MPS and seven categories of budgetary outlays for various types of government payments 

that support farmers. Thus, the calculation of product-specific PSE requires that budgetary 

payments be allocated across commodities to determine the budgetary support for a given 

product, BPBj B, where “j” denotes a specific commodity. If such payments are reported by 

commodity, the procedure is straightforward. However, for payments such as input subsidies or 

general subsidies such as tax or capital grants, allocation across commodities can be more 

complicated. Following Mullen, Orden and Gulati (2005), the budgetary payments in India and 

China is distributed on the basis of such factors as each commodity’s share in total value of 

production, total fertilizer usage, or total irrigated area. 

 Once budgetary payments are allocated among commodities, the product-specific PSEBj B is 

the sum of the MPSBj B and BPBj B. Similar to the MPSBj B, the PSEBj B measures can also be expressed on a 

percentage basis. The OECD defines the percentage PSEBj B as the proportion of gross farm income 

(“OECD denominator”): 

(5.14) % j j
j

j j

MPS BP
PSE

VOP BP
+

=
+
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where:
          :  value of production of commodity j at domestic producer price

          :  budgetary payments to commodity j

d
j j j

j

VOP P Q

BP

= ×

 
This gives a “subsidy counter’s” measure of support relative to domestic farm revenue for a 

particular commodity. 

 Similarly, the direct, total and indirect effects in the context of %PSEBj B are defined as 

those in equations 5.9a-c such that: 

Direct Effect % ( )jPSE E=  

Total Effect % ( )jPSE E∗=  

Indirect Effect % ( ) % ( )j jPSE E PSE E∗= −  

It is, however, not straightforward to directly compare these different effects measured by 

%PSEBj B with those by %MPSBj B in equations 5.9a-c, since the two sets of measures are based on 

different denominators. Following Mullen, et al. (2004), an alternative measure of %PSEBj B 

(labeled “trade economist’s denominator”) is defined that expresses support received by farmers 

as a percentage of the value of their output at adjusted reference price: 

(5.15) % j jar
j ar

j

MPS BP
PSE

VOP
+

=  

where:
          : value of production of commodity j at adjusted reference pricear ar

j j jVOP P Q= ×
  

Corresponding, the direct, total and indirect effects are given in equations 5.15a-c: 

(5.16a) 

( ) ( )
Direct Effect % ( )

( ) ( )

                                           % ( )
( )

d ar
j j j j jar

j ar ar ar
j j j j

j
j ar

j j

MPS E BP P P E BP
PSE E

VOP P E P E Q

BP
MPS E

P E Q

+ −
= = = +

= +

 

(5.16b) 

( ) ( )
Total Effect % ( )

( ) ( )

                                         % ( )
( )

d ar
j j j j jar

j ar ar ar
j j j j

j
j ar

j j

MPS E BP P P E BP
PSE E

VOP P E P E Q

BP
MPS E

P E Q

∗ ∗
∗

∗ ∗

∗
∗

+ −
= = = +

= +
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(5.16c) 

Indirect Effect % ( ) % ( )

1 1                       % ( ) % ( )
( ) ( )

ar ar
j j

j
j j ar ar

j j j

PSE E PSE E

BP
MPS E MPS E

Q P E P E

∗

∗
∗

= −

⎡ ⎤
⎡ ⎤= − + −⎢ ⎥⎣ ⎦ ⎢ ⎥⎣ ⎦  

It can be seen from equations 5.16a-c that the direct, total and indirect effects measured 

by % ar
jPSE  are different from those measured by %MPSBj B. When the budgetary payment is 

positive, the direct and total effects of % ar
jPSE  indicate more protection (or less disprotection) 

relative to %MPSBj B. However, the effect of inclusion of budgetary payment on the indirect effect 

is not uniform, depending on the direction of exchange rate misalignment. It can be shown that 

the indirect effect simplifies to 
d
j j

w w
j j j

P BP
m

P E P EQ
⎛ ⎞

+⎜ ⎟⎜ ⎟
⎝ ⎠

 when the domestic cost adjustment (ADJ) is 

ignored. Therefore, the indirect effect shows more disprotection if the exchange rate is 

overvalued ( 0m < ) and more protection if the exchange rate is undervalued ( 0m > ).  

Now assume that the exchange rate moves to its equilibrium. Also assume that the 

budgetary payments remain at jBP  if there is no exchange rate pass-through (NPT), but change 

to *
jBP  ( *

1
j

j

BP
BP

m
=

+
) and **

jBP  ( **

1
j

j

BP
BP

mβ
=

+
) under complete (CPT) and incomplete 

exchange rate pass-through (IPT), respectively.TP

62
PT

 

The counterfactual % ar
jPSE  assuming that the 

exchange rate is now in equilibrium (denoted as % arCF
jPSE ) for all three exchange rate pass-

through scenarios is shown as:  

(5.17) 
* *

** **

( )
       (NPT)

( ) ( )

( )
%        (CPT)

( ) ( )

( )
     (IPT)

( ) ( )

d ar
j j j

ar ar
j j j

d ar
j j jarCF

j ar ar
j j j

d ar
j j j

ar ar
j j j

P P E BP
P E P E Q

P P E BP
PSE

P E P E Q

P P E BP
P E P E Q

∗

∗ ∗

∗

∗ ∗

∗

∗ ∗

⎧ −
+⎪

⎪
⎪ −⎪= +⎨
⎪
⎪ −⎪ +
⎪⎩

 

                                                 
TP

62
PT The exchange rate can pass through to budgetary payments through its impacts on the prices of traded goods such 

as the fertilizer. It can also affect other components of the budgetary payments, for instance, irrigation or electricity, 
by its impacts on general price levels. This analysis assumes a common pass-through coefficients (same as the ones 
used for domestic prices) on the budgetary payments, although a difference may exist between exchange rate pass-
through to individual commodities and to general price levels.   
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The difference between the counterfactual measure and the direct effect for all three 

exchange rate pass-through scenarios and ignoring the domestic cost adjustment (ADJ) are given 

by: 

(5.18) 

( )

( )

( )

              NPT

% % ( ) 0                                             CPT

(1 )      IPT
1

d
j j

w w
j j j

arCF ar
j j

d
j j

w w
j j j

P BP
m

P E P EQ

PSE PSE E

P BPm
m P E P EQ

β
β

⎧ ⎛ ⎞
+⎪ ⎜ ⎟⎜ ⎟⎪ ⎝ ⎠

⎪
− =⎨

⎪
⎛ ⎞−⎪ +⎜ ⎟⎪ ⎜ ⎟+ ⎝ ⎠⎩

  

  The comparison between the direct PSE (based on the actual exchange rate) and the 

counterfactual PSE (assuming the actual exchange rate is in its equilibrium) is summarized in 

Table 5.8. The exchange rate pass-through also has an impact on the transfer of indirect effect to 

the counterfactual commodity-specific PSE. The transfer under different exchange rate pass-

through scenarios can be argued similarly as in Table 5.3.  

 

Table 5.8: A Comparison between Counterfactual and Direct PSEBjB  

 Pass-though 
 NPT CPT IPT 

Counterfactual 
( )

( ) ( )

d ar
j j j

ar ar
j j j

P P E BP
P E P E Q

∗

∗ ∗

−
+

* *( )
( ) ( )

d ar
j j j

ar ar
j j j

P P E BP
P E P E Q

∗

∗ ∗

−
+

** **( )
( ) ( )

d ar
j j j

ar ar
j j j

P P E BP
P E P E Q

∗

∗ ∗

−
+  

Direct Effect 
( )

( ) ( )

d ar
j j j

ar ar
j j j

P P E BP
P E P E Q
−

+  

Transfer to 
Direct* 

d
j j

w w
j j j

P BP
m

P E P EQ
⎛ ⎞

+⎜ ⎟⎜ ⎟
⎝ ⎠

 0 
(1 )
1

d
j j

w w
j j j

P BPm
m P E P EQ

β
β

⎛ ⎞−
+⎜ ⎟⎜ ⎟+ ⎝ ⎠

 

Non-Transfer* 0 
d
j j

w w
j j j

P BP
m

P E P EQ
⎛ ⎞

+⎜ ⎟⎜ ⎟
⎝ ⎠

 2( )
1

d
j j

w w
j j j

P BPm m
m P E P EQ

β
β

⎛ ⎞+
+⎜ ⎟⎜ ⎟+ ⎝ ⎠

Note: *Ignoring domestic cost adjustment (ADJ). NPT: No pass-through; CPT: Complete pass-through; IPT: 
Incomplete pass-through.  
 

The conditions in Equation (5.13) still hold and the transfer of the effect of exchange rate 

misalignment (in magnitudes) under incomplete pass-through is greater than under complete 

pass-through (0 in this case) but smaller than under no pass-through (full in this case). The 

following shows the empirical results for India and China by calculating the commodity specific 

PSE with no exchange rate pass-through (NPT) and with the previously estimated incomplete 

pass-through (IPT). Again the case of complete exchange rate pass-through (CPT) is not reported 
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itly, b an be inferred from the reported direct PSE results under observed exchange 

rates. 

 

 5.3.1 India 

a, budgetary payments are allocated to each commodity before calculating the 
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based on the commodity’s share of fertilizer usage, while irrigation and power subsides are 
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It is also worth noting that the magnitude of the indirect effect on % ar
jPSE  over time is 

determined by the degree of exchange rate misalignment and by changes in budgetary payments 

(see Equation 5.16c). In India, the combined effect of increasing budgetary payments and 

decreasing exchange rate misalignment has led to a less pronounced indirect effect in the later 

periods than the earlier periods. This in turn indicates that the exchange rate effect plays a more 

dominant role than the budgetary payments in the evolution of the indirect effect in India during 

ple period.    

Table 5.10 shows the counterfactual measure of the commodity-specific PSE 

% arCF
jPSE ) under the assumption of no exchange pass-through (NPT) and incomplete exchange 

effect that is transferred to the PSE measure. 

Similar to the MPS, the indirect effect of exchange rate is completely or partially transferred into 

the % arCF
jPSE  depending on whether there is no exchange rate pass-through (NPT) or 

plete exchange rate pass-through (IPT). When there is no exchange rate pass-through 

(NPT), the indirect effect of exchange rate is completely transferred into the % arCF
jPSE  (the non-

transfer part is always zero which is not reported in the table). In periods when the exchange rate 

is substantially out of the equilibrium, e.g., period I and II, the magnitude of such transfer is 

large, but when the exchange rate is close to equilibrium in period III and IV, the transfer is 

smaller. Only a small portion of the exchange rate effect remains in the counterfactual PSE under 

the assumption of incomplete exchange rate pass-through (IPT). Despite large indirect effect in 

period I and II, only 3-4 percent of it transfers to the counterfactual PSE with 8-9 percent 

disappearing as a result of the exchange rate pass-through. The transfer averages 1-2 percent in 

period III and IV under incomplete pass-through.  

incom



Table 5.9: Direct, Indirect and Total Effect by

  1985-1988 (I)  1989-1992 (II)  1993-1998 (III)  1999-2002 (IV) 

 % ar
jPSE , India 

  %Misalignment -8.6  %Misalignment -11.8  %Misalignment 3.6  %Misalignment -2.8 
Commodity  Direct Indirect Total  Direct Indirect Total  Direct Indirect Total  Direct Indirect Total 
Wheat  12.6 -3.4 9.2 11.1 -12.4 -1.2 8.0 4.6 12.6 48.6 -0.5 48.1
Rice  2.1 -8.6 -7.5 -21.1 -10.5 -31.5 -18.7 3.1 -15.7 17.3 -2.3 15.1
Corn  25.3 -11.3 14.0 -13.8 -12.4 -26.2 -20.0 3.8 -16.2 -7.3 -3.2 -10.5
Sorghum  52.5 -6.5 46.0 20.1 -12.4 7.7 13.5 5.7 19.1 37.5 -3.0 34.4
Groundnuts  69.5 -13.6 55.9 31.5 -15.1 16.4 8.7 4.3 13.0 23.1 -2.0 21.1
Sugar  88.9 -14.4 74.5 4.2 -14.5 -10.3 7.9 4.1 12.0 41.5 -3.3 38.3
Rapeseed  21.4 -10.2 11.2 43.1 -14.9 28.2 6.3 3.4 9.7 21.4 -3.0 18.4
Soybeans  11.0 -9.5 1.5 -5.4 -10.6 -16.0 -18.7 2.7 -16.0 -24.9 -1.9 -26.8
Sunflower  59.8 -13.7 46.1 25.1 -14.5 10.6 -5.5 3.3 -2.3 -4.2 -2.5 -6.7
Chickpeas  7.0 -9.8 -2.8 2.4 -12.8 -10.4 -15.7 3.0 -12.7 4.5 -2.9 1.6
Cotton  29.0 -15.1 13.8 12.4 -15.5 -3.1 1.0 4.0 5.0 -2.2 -3.2 -5.4
Average  34.5 -10.6 23.8 10.0 -13.2 -3.2 -3.0 3.8 0.8 14.1 -2.5 11.6

Note: 1) %Misalignment is an average of annual percentage misalignment from Section 4.  
          2) Simple unweighted average is provided in the last row. 
Source: Author’s calculation. 
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re of Commodity-Specific PSE and the Transfer of the Indirect Effect, India 

 1985-1988 (I)  1989-1992 (II) 
 %Misalignment -8.6  %Misalignment -11.8 
 NPT  IPT  NPT  IPT 

Commodity Transfer 
to Direct  Transfer 

to Direct
Non-

transfer  Transfer 
to Direct  Transfer 

to Direct
Non-

transfe
% arCF

jPSE% arCF
jPSE% arCF

jPSE

 

Table 5.10: Counterfactual Measu

% arCF
jPSE  

r 
Wheat 9.2 -3.4  11.3 -1.3 -2.1  -1.2 -12.4  9.4 -1.8 -10.6 
Rice -7.5 -8.6  -2.1 -4.3 -4.3  -31.5 -10.5  -26.0 -5.0 -5.5 
Corn 14.0 -11.3  19.2 -6.1 -5.2  -26.2 -12.4  -20.4 -6.6 -5.8 

Sorghum 46.0 -6.5  48.6 -3.9 -2.6  7.7 -12.4  15.8 -4.3 -8.1 
Groundnuts 55.9 -13.6  66.6 -2.9 -10.7  16.4 -15.1  26.9 -4.6 -10.5 

Sugar 74.5 -14.4  87.6 -1.3 -13.1  -10.3 -14.5  1.1 -3.1 -11.4 
Rapeseed 11.2 -10.2  19.9 -1.5 -8.7  28.2 -14.9  40.7 -2.4 -12.5 
Soybeans 1.5 -9.5  9.4 -1.7 -7.8  -16.0 -10.6  -8.2 -2.8 -7.8 
Sunflower 46.1 -13.7  57.2 -2.6 -11.1  10.6 -14.5  21.8 -3.2 -11.3 
Chickpeas -2.8 -9.8  3.0 -4.0 -5.8  -10.4 -12.8  -3.7 -6.1 -6.7 

Cotton 13.8 -15.1  25.5 -3.5 -11.6  -3.1 -15.5  8.5 -3.9 -11.6 
Average 23.8 -10.6  31.5 -3.0 -7.6  -3.2 -13.2  6.0 -4.0 -9.2 

 
 
 
 
 
 
 
 
 
 
 
 



Table 5.10: Continued: 
 

 1993-1998 (III)  1999-2002 (IV) 
 %Misalignment 3.6  %Misalignment -2.8 
 NPT  IPT  NPT  IPT 

Commodity Transfer 
to Direct  Transfer 

to Direct
Non-

transfer  Transfer 
to Direct  Transfer 

to Direct
Non-

transfe
% arCF

jPSE  % arCF
jPSE % arCF

jPSE% arCF
jPSE

r 
Wheat 12.6 4.6  9.5 1.5 3.1  48.1 -0.5  48.4 -0.2 -0.3 
Rice -15.7 3.1  -16.4 2.3 0.8  15.1 -2.3  16.4 -1.0 -1.3 
Corn -16.2 3.8  -18.5 1.5 2.3  -10.5 -3.2  -9.2 -1.9 -1.3 

Sorghum 19.1 5.7  15.3 1.9 3.8  34.4 -3.0  36.8 -0.7 -2.3 
Groundnuts 13.0 4.3  9.3 0.6 3.7  21.1 -2.0  22.1 -1.0 -1 

Sugar 12.0 4.1  8.8 0.9 3.2  38.3 -3.3  41.2 -0.3 -3 
Rapeseed 9.7 3.4  7.3 0.9 2.5  18.4 -3.0  20.8 -0.6 -2.4 
Soybeans -16.0 2.7  -18.6 0.1 2.6  -26.8 -1.9  -24.9 -0.0 -1.9 
Sunflower -2.3 3.3  -3.6 1.9 1.4  -6.7 -2.5  -5.1 -0.9 -1.6 
Chickpeas -12.7 3.0  -11.5 4.2 -1.2  1.6 -2.9  3.1 -1.4 -1.5 

Cotton 5.0 4.0  3.1 2.1 1.9  -5.4 -3.2  -3.3 -1.1 -2.1 
Average 0.8 3.8  -1.4 1.6 2.2  11.6 -2.5  13.3 -0.8 -1.7 

Note: 1) NPT: No Pass-through; IPT: Incomplete Pass-through. 
          2) The pass-through coefficient is 0.81.  
          3) %Misalignment is an average of annual percentage misalignment from Section 4.  
          4) Simple unweighted average is provided in the last row. 
Source: Author’s calculation 
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5.3.2 China 

Unlike India, budgetary payments in China are allocated to each commodity based on its 

share in total value of agricultural production. It is important to note that there have been little 

explicit policy instruments for direct payments or subsidies to farmers in China in the sample 

period and most agricultural supports are provided indirectly through various channels (see 

Section 2). In this analysis, budgetary payments include input subsidies, relief payments and 

regional assistance programs, agricultural taxes, and forgone agricultural taxes (Sun, 2003). 

Budgetary payments are negative in 1995, when the agricultural taxes dominate the subsidy 

payments. Nonetheless, the budgetary payments including the taxes and fees represent only a 

small proportion of aggregate support to the farmers. When allocated to each representative 

commodity according to its share in the total value of production, they are less than 10 percent of 

the price support (MPS) in most cases. Table 5.11 shows the direct, indirect and total effects 

measured by commodity-specific  in China. Table 5.12 gives the counterfactual measure 

of the commodity-specific PSE ( ) assuming the exchange rate is in equilibrium, as 

well as the transfer of the indirect effect under the assumption of no exchange pass-through 

(NPT) and incomplete exchange rate pass-through (IPT).  

 

Table 5.11: Direct, Indirect and Total Effect by , China 

 1995-1998 (I)  1999-2001 (II) 

% ar
jPSE

% arCF
jPSE

 % ar
jPSE

 %Misalignment -3.2 %Misalignment 9.2 
Commodity Direct Indirect Total Direct Indirect Total 

Rice -9.9 -3.1 -13.0  2.5 9.9 12.4 
Corn 7.2 -2.5 4.7 6.8 10.0 16.8 

Sorghum -18.2 -1.4 -19.6 -31.7 6.5 -25.2 
Peanut -39.0 -1.8 -40.8 -38.5 5.6 -32.9 
Wheat 3.8 -2.5 1.3 -17.2 7.4 -9.8 
Cotton -7.5 -2.9 -10.4 -27.2 6.9 -20.3 

Soybeans 19.1 -3.8 15.3 16.9 10.6 27.5 
Rapeseed 11.6 -3.5 8.1 4.0 9.2 13.2 

Sugar 31.0 -3.8 27.2  15.2 10.7 25.9 
Average -0.2 -2.8 -3.0 -7.7 8.5 0.8 

Note: 1) %Misalignment is an average of annual percentage misalignment from Section 4.  
          2) Simple unweighted average is provided in the last row. 
Source: Author’s calculation. 
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re of Commodity Specific PSE and the Transfer of the Indirect Effect, China 

 1995-1998 (I)  1999-2001 (II) 
 %Misalignment -3.2  %Misalignment 9.2 
 NPT  IPT  NPT  IPT 

Commodity Transfer 
to Direct  Transfer 

to Direct
Non-

transfer  Transfer 
to Direct  Transfer 

to Direct
Non-

transfe
% arCF

jPSE% arCF
jPSE% arCF

jPSE

 

Table 5.12: Counterfactual Measu

% arCF
jPSE  

r 
Rice -13.0 -3.1  -10.8 -1.0 -2.1  12.4 9.9  5.0 2.5 7.4 
Corn 4.7 -2.5  6.4 -0.8 -1.7  16.8 10.0  9.3 2.6 7.4 

Sorghum -19.6 -1.4  -18.6 -0.5 -0.9  -25.2 6.5  -30.2 1.7 4.8 
Peanut -40.8 -1.8  -39.5 -0.5 -1.3  -32.9 5.6  -37.1 1.4 4.2 
Wheat 1.3 -2.5  3.1 -0.8 -1.7  -9.8 7.4  -15.4 1.9 5.5 
Cotton -10.4 -2.9  -8.3 -0.9 -2.0  -20.3 6.9  -25.5 1.7 5.2 

Soybeans 15.3 -3.8  18.0 -1.1 -2.7  27.5 10.6  19.5 2.7 7.9 
Rapeseed 8.1 -3.5  10.6 -1.1 -2.4  13.2 9.2  6.3 2.3 6.9 

Sugar 27.2 -3.8  29.9 -1.2 -2.6  25.9 10.7  17.9 2.7 8.0 
Average -3.0 -2.8  -1.0 -0.8 -2.0  0.8 8.5  -5.5 2.2 6.3 

Note: 1) NPT: No Pass-through; IPT: Incomplete Pass-through. 
          2) The pass-through coefficient is 0.72.  
          3) %Misalignment is an average of annual percentage misalignment from Section 4.  
          4) Simple unweighted average is provided in the last row. 
Source: Author’s calculation. 



Because of the dominance of the MPS component in the aggregate support, the inclusion 

of small budgetary payments in the calculation of  has had little impact on the direct, 

total and indirect effects in China. Similar to the % , the direct effect of agricultural policies 

by unweighted average has disprotected the farm overed commodities for the whole 

period and the rate of disprotection increased from -0.2 in 1995-1998 to -7.7 in 1999-2002. The 

indirect effect of exchange rate misalignment ha plified the direct effect in the first period 

but counteracted the direct effect in the second period. The indirect effect is more pronounced in 

the second period due to greater ex ich indirectly subsidized the 

agricultural sector by 8.5 percent (Table 5.11). Fu ore, the small budgetary payments (or 

taxes) have also made the change of indirect e primarily determined by the degree 

of China’s exchange rate misalignment. Again, when there is no exchange rate pass-through 

(NPT), the indirect effect of exchange rate is fu red into the counterfactual measure 

, but the transfer is significantly smaller when there is incomplete exchange rate pass-

through (IPT) (Table 5.12).   

 

5.4 Effects on Total PSE 

The total PSE expressed in nominal terms for all agricultural producers is the sum of total 

MPS and aggregate budgetary payments. The calculation of total MPS, according to the OECD 

approach consists of three steps. First, a nominal value of MPS is estimated for individual 

products, the set of which is known as the covered “MPS commodities.” The second step is to 

sum the product-specific MPS results into an MPSc for the covered commodities. In the third 

step the MPSc for covered commodities is “scaled up” to all products based on the share (k) of 

the covered commodities in the total value of agricultural production. The final step or “MPS 

extrapolation procedure” can be expressed as MPS = MPSc/k, where MPS is the estimated total 

market price support. With the scaling-up, the OECD “Total PSE” is calculated as PSE = MPS + 

BP. Without the scaling-up the total PSE is PSEc = MPSc + BP. Similar to commodity-specific 

PSEs, total PSE measures can be expressed on a percentage basis (denoted by %PSE) using 

(VOP + BP) or VOPar as the denominator, where VOP and VOPar are the total value of 

agricultural production at domestic producer prices and world reference prices, respectively, and 

BP is the total budgetary payments. In the following analysis, the %PSE is calculated using the 

OECD denominator (VOP+BP) as commonly reported.  

 % ar
jPSE

MPSj

ers of these c

s am

change rate undervaluation, wh

rtherm

effect over tim

lly transfer

% arCF
jPSE

 114



 115

For developing countries, feasible commodity coverage is likely to be less than for the 

OECD countries, and the assumption imposed by scaling-up may be unrealistic if price support 

is concentrated among those products included in the analysis. On the other hand, if price 

support applies to all agricultural commodities, then the scaling-up procedure is relevant and 

necessary. The scaling-up effect on the total PSE depends crucially on the magnitude of the price 

support relative to budgetary payments in the aggregate support. Using India’s total PSE as an 

example, Mullen, Orden and Gulati (2004) have shown that the scaling-up procedure did not 

make too much difference in the calculated support levels when MPSBcB component of the PSE 

was relatively small, but had a pronounced effect when MPSBcB was relatively large. 

Again the direct, total and indirect effect in terms of %PSE are defined. The three effects 

in the non-scaled-up case (denoted by % cPSE ) can be adapted by replacing the MPSBj B and 

( )j jVOP BP+  in equations (5.16a-c) with MPSBcB and ( )VOP BP+ . With scaling-up, the effects 

are given in equations (5.19a-c): 

(5.19a) ( ) /Direct Effect % ( ) cMPS E k BPPSE E
VOP BP

+
= =

+
  

(5.19b) ( ) /Total Effect % ( ) cMPS E k BPPSE E
VOP BP

∗
∗ +

= =
+

  

(5.19c) ( ) ( )1Indirect Effect % ( ) % ( ) c cMPS E MPS EPSE E PSE E
k VOP BP

∗
∗ −

= − =
+

  

It is evident that the direct, indirect and total effects in the scaled-up version are different 

from those in the non-scaled-up version. The impact of scaling-up on the support level (direct 

and total effects) depends on the sign of MPS: if MPS is negative, then the scaling-up will 

indicate more disprotection and if MPS is positive, the scaling-up will indicate more protection. 

The scaling-up can lead to different degrees of change in the direct and total effects depending 

on the relative magnitude of MPS and BP. However, the scaling-up magnifies the indirect effect 

by exactly 1/ k , the inverse of the share of covered commodities in the total value of agricultural 

production. Ignoring domestic cost adjustment (ADJ), it can be shown that the indirect effect in 

the non-scaled-up and scaled-up cases is 
1

w
j j

j
d
j j

j

P EQ
m

m P Q BP
⋅

+ +

∑
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 and 1
1

w
j j

j
d
j j

j

P EQ
m

k m P Q BP
⋅

+ +

∑
∑

, 

respectively. 
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Now assume that the exchange rate moves to its equilibrium. Similar to the commodity 

specific PSEs, the budgetary payment in the total PSE are BP with no exchange rate pass-

through, *BP  ( *

1
BPBP

m
=

+
) with complete exchange rate pass-through, and **BP  

( **

1
BPBP

mβ
=

+
) with incomplete exchange rate pass-through. The counterfactual %PSE  

assuming that the exchange rate is now in equilibrium (denoted as % CF
cPSE  for the non-scaled-

up and % CFPSE  for the scaled-up) for all three exchange rate pass-through scenarios is shown 

as:  

(5.20a) 
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(5.20b) 
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The difference between the counterfactual measure and the direct effect for all three 

exchange rate pass-through scenarios ignoring the domestic cost adjustment (ADJ) are given by: 
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(5.21a) 
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(5.21b) 
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The comparison between the direct total PSE (based on the actual exchange rate) and the 

counterfactual total PSE (assuming the actual exchange rate is in its equilibrium) is summarized 

in Tables 5.13 and 5.14 for non-scaling-up and scaling-up, respectively. It can also be shown that 

for small m and β  the following inequality holds 

(5.22) 
(1 ) 1 (1 ) 10  or 0    1 and 1

1 1 1 1
        No Scaling-up                     Scaling-up

m m m m m
m m k m k m
β β β− −

≤ ≤ ≤ ≤ ∀ ≤ ≤
+ + + +  

Therefore, similar to commodity specific measures, with or without scaling-up, the transfer of 

indirect effect of exchange rate to the counterfactual total PSE under incomplete pass-through is 

greater than under complete pass-through (zero in this case) but smaller than under no pass-

through (full in this case). Empirical results by total PSE are shown for India and China under 

the assumption of no exchange rate pass-through (NPT) and the previously estimated incomplete 

pass-through (IPT). Again the case of complete exchange rate pass-through (CPT) is not reported 

explicitly, but can be inferred from the reported direct PSE results under observed exchange 

rates. 
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Table 5.13: A Comparison between Counterfactual and Direct Total PSE (Non-scaling-up) 

 Pass-though 
 NPT CPT IPT 

Counterfactual 
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Note: *Ignoring domestic cost adjustment (ADJ). NPT: No pass-through; CPT: Complete pass-through; IPT: 
Incomplete pass-through.  

 

Table 5.14: A Comparison between Counterfactual and Direct Total PSE (Scaling-up) 

 Pass-though 
 NPT CPT IPT 

Counterfactual 
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Note: *Ignoring domestic cost adjustment (ADJ). NPT: No pass-through; CPT: Complete pass-through; IPT: 
Incomplete pass-through.  
 

5.4.1 India 

Table 5.15 shows the three effects and the counterfactual measures in India without and 

with scaling-up. The covered commodities are the same as those used in the previous 

calculations. In general, the support to agriculture (direct and total effect), scaled-up or non-



scaled-up, indicates a similar counter-cyclical pattern, rising when world prices are low (as in 

periods I and IV) and falling when world prices strengthen (as in period II and III).63 Figures 5.7 

and 5.8 show the annual direct and the counterfactual effects by total PSE for both non-scaling-

up and scaling-up under no exchange rate pass-through (NPT) and incomplete exchange rate 

pass-through (IPT) over the period of 1985-2002. It can be seen that hided in the period average 

numbers are cross-year variations in protection rates. For example, the protection rate measured 

by the non-scaled-up direct effect peaked in 1986 and 1987 at around 10 percent and again in 

2000 at around 13 percent but plummeted to -11 percent in 1996 (Figure 5.7).  

  

Table 5.15: Direct, Indirect and Total Effect and Counterfactual PSE, India 

 1985-1988 
 (I) 

 1989-1992  
(II) 

 1993-1998 
(III) 

 1999-2002 
(IV) 

 Non-scaling-up 
% cPSE         
       Direct 7.7  0.8  -2.9  9.0 
       Indirect -3.2  -8.2  1.4  -1.3 
       Total 4.5  -7.4  -1.5  7.7 

       
       NPT 4.5  -7.4  -1.5  7.7 
       Transfer to Direct -3.2  -8.2  1.4  -1.3 

        
       IPT 7.0  -1.1  -2.6  8.7 
       Transfer to Direct -0.7  -1.9  0.3  -0.3 
       Non-Transfer -2.5  -6.3  1.1  -1.0 

 Scaling-up 
       

% CF
cPSE  

%PSE  
       Direct 12.1  -3.6  -16.2  10.9 
       Indirect -6.9  -19.4  3.1  -3.2 
       Total 5.2  -23.0  -13.1  7.7 

       
       NPT 5.2  -23.1  -13.1  7.7 
       Transfer to Direct -6.9  -19.4  3.1  -3.2 
        
       IPT 10.4  -8.4  -15.5  10.2 
       Transfer to Direct -1.7  -4.8  0.7  -0.7 
       Non-Transfer -5.2  -14.6  2.4  -2.5 

% CFPSE  

Source: Author’s calculation. NPT: No Pass-through; IPT: Incomplete Pass-through.  
 

                                                 
63 Again, the results are very similar to those reported by Mullen, Orden and Gulati (2005). 
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Figure 5.7: Direct and Counterfactual Effects by total PSE, India (Non-scaling-up) 
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Source: Author’s calculation. 
 

Figure 5.8: Direct and Counterfactual Effects by total PSE, India (Scaling-up) 
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Source: Author’s calculation. 
 

In period I and IV, the MPSc component of the PSE is relatively small (Figure 5.9), and 

the scaling-up does not have a significant impact on support levels indicated by direct and total 

effects. In contrast, when the MPSc is more important in period II and III, the scaled-up direct 

and total effects are several times larger than the non-scaled-up ones, e.g., the direct effect 

decreased from 0.8 percent to -3.6 percent in period II. The proportion of change in the direct 
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effect is smaller in period III, dropping from -2.9 percent to -16.2 percent. The scaling-up also 

causes the total effect to decrease in these two periods. It drops from -7.4 percent to -23.0 percent 

in period II, and from -1.5 percent to -13.1 percent in period III. The impact of scaling-up on the 

direct and total effects in India also depends on the sign of MPS. In terms of the direct effect, 

where the MPS is evaluated at the actual exchange rate, the scaling-up has led to higher 

protection rates in periods I and IV when the MPS is positive, but higher disprotection rates in 

periods II and III when the MPS is negative. The same happens for the total effect although the 

MPS in this case is evaluated at the equilibrium exchange rate.     

 

Figure 5.9: MPSc, MPS and BP, India (Billion Rupees) 
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Note: MPSc and MPS are based on the actual exchange rate. 
Source: Author’s calculation. 

 

The scaled-up and non-scaled-up indirect effects show different impact of exchange rate 

misalignment on India’s agriculture during different periods. The exchange rate effects are 

consistent with the previous commodity-specific analysis: when the exchange rate was 

overvalued (periods I, II and IV), the indirect effect works against the agricultural sector. The 

opposite happens when the exchange rate was undervalued in period III. The scaling-up has had 

a uniform impact on the indirect effect for each period, which more than doubles in the scaled-up 

than the non-scaled-up case. The reason for this is that the share of covered commodities in total 

value of production is about 0.45 for each of the periods.  
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Similar to the commodity specific measures, a full transfer of the indirect effect into the 

total PSE occurs when there is no exchange rate pass-through (NPT), e.g., -8.2 percent with no 

scaling up and -19.4 percent with scaling up in period II. But when there is incomplete exchange 

rate pass-through (IPT), the transfer is much smaller, e.g., -1.9 percent with no scaling up and     

-4.8 percent with scaling up in the same period.  

 

5.4.2 China 

Table 5.16 shows the direct, indirect and total effect and counterfactual total PSE in 

China without and with the scaling-up. The scaled-up or non-scaled-up direct effect measured by 

total PSE indicates that China’s support to the agriculture has, on average, remained nearly 

neutral with slight disprotection in each period. The level of discrimination against agriculture is 

slightly increasing in the latter period. This result is somewhat different from Sun (2003) and 

Mullen, et al. (2004) who report that the disprotection measured by annual %PSE has been 

decreasing based on different sets of commodities. The trend of increasing protection or 

decreasing disprotection in China’s agriculture has also been reported by Tian, Zhang and Zhou 

(2002) over a period of ten years (1990-2000). However, similar to the results in this study, 

protection rates in Tian, Zhang and Zhou within the short period of 1995-2000 does not show a 

clear rising trend.  

In addition to the three effects, Table 5.16 also shows the counterfactual total PSE with 

no exchange rate pass-through (NPT) and incomplete exchange rate pass-through (IPT). Similar 

to the commodity specific measures, a full transfer of the indirect effect into the total PSE occurs 

when there is no exchange rate pass-through. Without scaling-up the transfer averages -2.3 

percent and 5.6 percent in period I and II, but increases to -5.1 percent and 14.1 percent with 

scaling-up. When there is incomplete exchange rate pass-through, the transfer is much smaller. 

Even with scaling up, the transfer averages only -1.2 and 4.2 percent in the two periods. 

Figures 5.10 and 5.11 show the annual direct and the counterfactual effects by total PSE 

for both non-scaling-up and scaling-up under no exchange rate pass-through (NPT) and 

incomplete exchange rate pass-through (IPT) over the period of 1995-2001. Cross-year 

variations in the protection/disprotection by the direct total PSE, for example, reached a negative 

maximum of -11 percent (non-scaled-up) or -22 percent (scaled-up) in 1996 rate as the domestic 
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prices lagged the run up of world prices in that year, while the period average for 1995-1998 is 

only -0.4 percent (non-scaled-up) and -0.8 percent (scaled-up), respectively. 

 

Table 5.16: Direct, Indirect and Total Effect and Counterfactual PSE, China 

 1995-1998 
(I) 

 1999-2001  
(II) 

 Non-scaling-up 
% cPSE     
       Direct -0.4  -0.7 
       Indirect -2.3  5.6 
       Total -2.7  4.9 

   
       NPT -2.7  4.9 
       Transfer to Direct -2.3  5.6 

    
       IPT -0.9  1.1 
       Transfer to Direct -0.5  1.8 
       Non-Transfer -1.8  3.8 
 Scaling-up 

   

% CF
cPSE  

%PSE  
       Direct -0.8  -2.1 
       Indirect -5.1  14.1 
       Total -5.9  12.0 

   
       NPT -5.9  12.0 
       Transfer to Direct -5.1  14.1 
    
       IPT -2.0  2.1 
       Transfer to Direct -1.2  4.2 
       Non-Transfer -3.9  9.9 

% CFPSE  

Source: Author’s calculation. NPT: No Pass-through; IPT: Incomplete Pass-through. 
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Figure 5.10: Direct and Counterfactual Effects by total PSE, China (Non-scaling-up) 
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Source: Author’s calculation. 
 

Figure 5.11: Direct and Counterfactual Effects by total PSE, China (Scaling-up) 
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Source: Author’s calculation. 

 

In contrast to India, the MPSc (evaluated at the actual exchange rate) in China is a more 

important component of PSE than the budgetary payments for most of the years (Figure 5.12). 

The scaling-up in China has had quite smaller impacts on the direct effect in both periods, 

changing about 2-3 times in the scaled-up relative to the non-scaled-up version. Since the MPSc 

evaluated at the actual exchange rate is negative on average in each period, the scaling-up has 

uniformly led to more disprotection indicated by the direct effect. However, when the MPSc 
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becomes positive when calculated using the equilibrium exchange rate in period II (not shown in 

Figure 5.8), the total effect with scaling-up indicates more protection than that without scaling-

up. The indirect effect of exchange rate shows slight disprotection in period I but greater 

protection in period II in both cases of non-scaling-up and scaling-up. Similar to India, the 

scaling-up in China has had a uniform impact on the indirect effect, which is about twice as large 

as the non-scaled-up counterpart. This again corresponds to the fact that the share of covered 

commodities in total value of production averages about 0.45 in the two periods.  

 

Figure 5.12: MPSc, MPS and BP, China (Billion Yuan) 
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Note: MPSc and MPS are based on the actual exchange rate. 
Source: Authors’ calculation.  
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6. Summary and Conclusions 

The level of the exchange rate and its disequilibrium can have significant impacts on the 

agricultural sector. Although there are repeated claims and indeed widespread agreement that 

exchange rate misalignments can lead to inaccurate calculations of the support measures, 

empirical studies on the issue have been scant and mainly focused on the effects of exchanges 

rate on the nominal rate of protection (NRP). There have been attempts to consider the role the 

exchange rate plays in more comprehensive agricultural policy indicators such as the PSEs, but 

the calculations usually use simple adjustment approaches based on effective or PPP exchange 

rates. In this analysis, an alternative approach to determining equilibrium exchange rates is 

proposed and then applied to the evaluation of the MPS and the PSE. 

The estimation of the equilibrium exchange rates is based on a theoretical framework in 

which the equilibrium value of the real exchange rate is determined by a set of economic 

fundamentals. This study shows that these fundamentals typically include the technological 

progress (Balassa-Samuelson effect), government consumption, the net capital inflows, the world 

interest rate, the terms of trade and openness. Base on contemporary time series techniques 

including the unit root and Johansen cointegration procedures, sensible long-run relationships are 

identified between the real exchange rate and these economic fundamentals in India and China.  

The equilibrium exchange rates are used to assess the development of actual exchange 

rates in both countries. The real exchange rate of the Indian rupee is found to be overvalued from 

the mid-1980s until early 1990s. The post-crisis adjustment program featured macroeconomic 

stabilization and structural reforms, especially in the direction of trade and financial 

liberalization. In the years after the crisis, rising capital inflows and shrinking trade deficits have 

led to continued accumulation of foreign exchange reserves, and after a short period of 

undervaluation in the mid-1990s, the rupee rate has been close to its equilibrium values with a 

slight overvaluation. Since 1980, the real exchange rate of Chinese yuan is characterized mostly 

by undervaluation. Periods of overvaluation occur in a number of years; however, these 

overvaluations are short-lived. Strong economic fundamentals, a rigid nominal exchange rate, 

and low inflation rates in recent years have led to substantial undervaluation in China. 

 Nominal equilibrium exchange rates corresponding to estimated real equilibrium rates are 

applied to the MPS and the PSE calculations in the two countries based on earlier analyses by 

Mullen, Orden and Gulati (2005) and Sun (2003). Instead of assuming that the domestic prices 
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are fixed, a counterfactual measure of MPS and PSE is calculated with different effect of 

exchange rate pass-though assuming the exchange rate is counterfactually in equilibrium. Three 

scenarios of exchange rate pass-through are distinguished, i.e., no pass-through, complete pass-

through, and incomplete pass-through. In the case of incomplete pass-through, a pass-through 

coefficient is estimated based on a two-way fixed effect panel regression model using 

disaggregate prices of the commodities covered in the later PSE assessment. The results show 

that the pass-through of exchange rate to commodity prices is relatively high. Yet the hypothesis 

that there is a complete pass-through in either country is rejected. 

The main findings from the MPS calculations indicate that for both countries the indirect 

effect of exchange rate is small in magnitude and usually dominated by the direct effect. The 

indirect effect of exchange rate overvaluation has potentially taxed the agricultural sector in 

India during the period of 1985-1992 and 1999-2002. However, the magnitude of these indirect 

effects becomes smaller in the later periods when the actual exchange rate moves closer to its 

equilibrium value. For China, the indirect effect of exchange rate undervaluation in the recent 

period of 1999-2001 has had a much greater impact on the measured support level than 

overvaluation in 1995-1998.  

Counterfactual MPS assuming the exchange rate is in equilibrium in a given year 

indicates that the indirect effect is fully transferred to this counterfactual measure when there is 

no exchange rate pass-through, but a part of the indirect effect disappears when exchange rate 

can partially pass-through to domestic prices. The transfer from the indirect effect becomes zero 

when exchange rate completely pass-through to domestic prices.  

The relative importance of different PSE components also affects the estimates of the 

direct, indirect and total effects measured by the PSE. First, the inclusion of budgetary payments 

in the analysis changes the effects of agricultural and exchange rate policies measured by the 

MPS. Commodity-specific PSEs show that such changes are more pronounced in India where the 

budgetary payments have become a more important component of the PSE. The direct and total 

effects by the commodity-specific PSEs indicate more protection and less disprotection. But the 

impact of including budgetary payment on the indirect effect can be different depending on the 

direction of exchange rate misalignment: more disprotection when the exchange rate is 

overvalued and more protection when the exchange rate is undervalued. In contrast to India, 
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China has had little explicit budgetary payments to farmers and the effects measured by the PSE 

do not differ much from those measured by the MPS.  

Second, the scaling-up procedure has had important impacts on the different effects 

measured by the total PSE. In India, the scaling-up leads to more significant changes in the direct 

and total effects during periods when the MPS component becomes larger in magnitude than the 

budgetary payments. In contrast, changes in the direct and total effects in China are similar 

across periods since the MPS component plays a more dominant role in the total PSE in most of 

the years. The effect of scaling-up on support levels depends on the sign of the MPS component: 

if the MPS component is negative, then scaling-up leads to more disprotection and if the MPS 

component is positive, the scaling-up leads to more protection. In addition, the impact of scaling-

up on the indirect effect is proportional to the share of covered commodities in the total value of 

agricultural production. In India and China, the scaling-up leads to greater indirect effects which 

more than double the non-scaled-up counterparts. Similar to counterfactual MPS measures, those 

based on the PSE both at the commodity and the aggregate levels show that the indirect effect of 

exchange rate can be transferred fully when there is no exchange rate pass-through, but only 

partially when there is incomplete exchange rate pass-through. 

In general, the estimation results are consistent with previous studies. There are a number 

of factors, however, that might affect the accuracy of the measurements in this study. Standard 

PSE methodology as is used herein offers per year estimations based on annual average 

exchange rates, i.e., the exchange rate instability within a particular year is ignored. Obviously, 

in developing countries where exchange rate can change significantly during the year, average 

rate only provides an approximation of the actual exchange rate behavior. During periods of 

drastic exchange rate movements, it would be more adequate to use exchange rates of shorter 

periods (for example, the harvest season) when calculating the PSE. In addition, the results in 

this study are highly dependent on the modeling strategy of equilibrium exchange rates. 

Alternative models of equilibrium exchange rates exist and it would be ideal to conduct a 

sensitivity analysis of the PSE where results from different approaches to equilibrium exchange 

rates are compared. Finally, other time series methods aimed at identifying structural relationship 

among the variables when multiple cointegrating vectors exist can be used to accompany or 

improve the Johansen’s methods employed in this analysis. Future research efforts should be 

directed toward addressing these considerations. 
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