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14.1 Backdrop

In a country which has a population of 1.25 billion and which still has the largest
number of poor and malnourished people in the world, ensuring food security for
the masses is one of the prime concerns of the government policy.

It may be worth noting that an average Indian household still spends about
45 % of its total expenditure on food (NSSO 2013). The decade of the 2000s saw
the overall GDP grow by an average annual growth rate of more than 7 %. With
population growing by less than 1.5 % per annum, per capita incomes consequently
rose by more than 5.5 % per annum, thus exerting pressure on food demand, and
the pressure is only going to amplify in the foreseeable times. If India can raise its
domestic food production at a pace faster than its domestic demand, it can at least
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have food available to feed its population from domestic sources. Otherwise, India
would have to increasingly rely on food imports.

India is already importing more than half of its edible oil consumption and
about 15–20 % of pulse consumption from global markets. Any abrupt increase in
the global prices of these commodities will therefore directly affect their domestic
prices and consumption and thereby elements of food security. Domestic prices of
important food commodities are also affected when the commodities are exported.
India, for example, has been the largest exporter of rice from financial year (FY)
2011–2012 to 2014–2015, and its domestic prices are affected by what is happening
in the global rice market.

Against this backdrop, this paper looks at the issue of food security in India in
the wake of recent global food price volatility, especially the price spikes of 2007–
2008 and the price surge in early 2011, when global food price index exceeded the
previous peak from 2008. How did India react to global food price spikes of 2007–
2008? Could it protect its poor? What were the likely implications of India’s policy
choices on global prices? What lessons can we learn from that experience in terms
of providing reasonable stability in food prices, locally and globally, so that food
security can be ensured for the masses? These are some of the questions that will be
addressed in this paper.

The paper is organized as follows: In Sect. 14.2, we study the global rice and
wheat markets and how India is placed in it. Section 14.3 elaborates on the policy
landscape of rice and wheat, the two primary staples in India. The section is
subdivided into two parts where both the trade and the domestic policies are given.
After elaborating on India’s policy response to the global food crisis of 2007–2008,
we use the interconnectedness of the global and the domestic food prices to illustrate
India’s competitiveness in the global markets. The subsection about domestic grain
policies highlights the domestic grain dynamics and the major policy changes in
the domain. The last section encapsulates the things that could be learned from the
analysis in this paper and gives suggestions for the future with regard to the Indian
grain trade market.

14.2 Global Rice andWheat Markets and India

Only 9 % of the total rice production was globally traded between 2013 and 2014
(see Figs. 14.1 and 14.2). This indicates a rather thin global rice market compared
to wheat and corn, where 23 % and 13 % of the production was traded respectively.
The rice supply in global markets is also highly concentrated: in 2013–2014, 80.4 %
of the global rice supply came from five countries, namely, Thailand, Vietnam, the
United States, Pakistan, and India.

Globally, the production of all three staples is going up. The markets are
expanding and so are the demands. Between 2011–2012 and 2013–2014, global
exports of rice, wheat, and corn increased by 9 %, 5.4 %, and 24.9 %, respectively.
This increase may also be due to the markets liberalizing after the 2007–2008 global
food crisis, in which the major food exporters like India and Thailand restricted
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Fig. 14.2 Trends in world exports (MMT). Source: USDA

their food supplies and thus triggering an unprecedented global food price spike in
history.

As a net food exporter, India was bound to benefit from such global trend. We
next examine the performance of the Indian agriculture exports.

India exported more than US $42.6 billion worth of agricultural exports in 2013–
2014, while it imported agricultural commodities worth US $15.9 billion; India’s
agriculture trade account had therefore a net surplus (Fig. 14.3). According to the
WTO, India’s share in the total global export of agricultural products increased from
0.8 % in 1990 to 2.6 % in 2012. India emerged as the world’s largest exporter of
rice.

India has a gross cropped area between 190 and 200 million ha, depending upon
the amount of rainfall during the monsoons. In 2013–2014, India produced about
106 million metric tonnes (MMTs) of rice from roughly 43 million ha (m ha) of rice
planting area and 96 MMT of wheat from 29 m ha of wheat planting area. India’s
share of rice and wheat production globally is roughly 22 % and 13 %, respectively
(FAO, stat).
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Fig. 14.3 India’s exports and imports of agricultural commodities. Source: Agricultural Statistics
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Rice and wheat are staple crops of the country and help in meeting a significant
proportion of the daily caloric needs of the people. Close to 22 % of the population
still live below the poverty line, as estimated by the Planning Commission based on
Tendulkar poverty line (Planning Commission 2014). By international definition of
US $1.9/day/capita, almost 21.3 % of the people in India lived below poverty line in
2011 (World Bank 2014). The largest mass of poor and malnourished people in the
world live here (World Bank 2013). Roughly about one-sixth of the world’s people
and one-third of the world’s poor are Indians. One in every three malnourished
children in the world is from India (HUNGaMA 2011). Thus, anything affecting
food prices, and rice and wheat in particular, is important for Indians, especially for
those hovering around the poverty line. It is no wonder that the government monitors
food prices very closely.

The Indian government supports both the cereal producers as well as its
consumers. By providing price support mechanisms for paddy and wheat using
minimum support price (MSP) and by reducing their effective costs of production
(input subsidies mainly for fertilizers, electricity, and irrigation), the government
supports and incentivizes cereal (rice and wheat) production. The government
also supports the consumers by ensuring that prices of wheat and rice remain
low and stable through its public distribution system (PDS). It provides identified
beneficiaries with subsidized (and sometimes free) food under its various food-
based welfare schemes. The government also utilizes the Open Market Sale Scheme
Domestic (OMSS-D) to smoothen any inter-/intra-year fluctuations by actively
regulating the market grain supply and thereby ensuring price stability.
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Fig. 14.4 Trends in cereal exports quantity and values. Source: DGCI&S

India is a net exporter of agricultural commodities, whereas it is a net importer
in the overall trade (CACP, Kharif Report 2013–2014). Both in terms of quality and
cost, Indian rice has a comparative advantage in the global market. Nevertheless,
India’s agricultural trade policies are somewhat conservative and subject to frequent
bans/restrictions. Nevertheless, in the last 3 years since FY 2012–2013, India
exported a total of approximately 62 MMTs of cereals, and around 53 % (i.e., 33
MMTs) of this consisted of rice exports. The country earned close to US $30 billion
from these cereal exports (Fig. 14.4).

What could explain such a massive increase in cereal exports? Open trade policy
regime (more recently for common rice), overflowing government granaries owing
to production gains, and global price (cost) competitiveness could explain the
phenomenon. We will look at the factors individually.

14.3 Rice andWheat Policy: Trade and Domestic

Historically, India has been a country of droughts and famines. It is an agrarian
economy with large dependence on rains for irrigating its crops. 54 % of its gross
cropped area and 40 % of the rice planting area are still rainfed. With close to 1.25
billion people to feed, including the highest number of the global poor, opening the
trade of its staple crops, like rice, is still a decision to be made with extreme caution.
A significant proportion of the Indian population is still rice eating. Because of
growing concerns regarding the high level of malnutrition and food security issues
in the country, the government has always been cautious in liberalizing the rice and
wheat trade. Therefore, the government has always first met the consumption needs
and maintained enough buffer stocking before letting the “residual” determine the
nature of trade policy.
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India has come a long way since the mid-1960s, when it was living from “ship
to mouth” through PL 480 imports from the USA to today when it has become the
largest rice exporter globally and a net agricultural exporter. Still India’s rice and
wheat trade policy is highly cautious and sometimes even unpredictable as we will
see in the section below.

14.3.1 Grain Policy: Trade

India exports mainly two types of rice: basmati and common rice (raw or par boiled).
While the former is a finer quality rice meant for niche markets in the Gulf, Europe,
and the USA, the latter is comparable to the type of rice supplied by Thailand,
Vietnam, and others. India’s trade policies for both types of rice are different from
each other. While there has been no restriction on the export of basmati rice, trade
restrictions, such as minimum export price (MEP), export quotas, and even complete
bans, have been imposed on the common rice export. Until 1991, the common
rice export was completely restricted; with quotas and MEP in place. Overvalued
exchange rate and export restrictions taxed the Indian farm sector before 1991.
The devaluation of the Indian rupee in 1991 contributed immensely to making the
expensive basmati rice more price competitive in the global market, and thus its
export surged.

Common rice exports were banned until October 1994 despite being highly price
competitive globally. The government finally decided to open common rice exports
in FY 1995–1996. As a result, the net exports of the common rice surged from 0.9
MMTs in 1994–1995 to 4.9 MMTs in 1995–1996 (Fig. 14.5), making India the
second largest exporter of rice in the world. Encouraged by the phenomenal growth
in rice exports, India opened its wheat exports in May 1995. However, increasing
exports squeezed domestic market supplies thus building pressures on the domestic
prices. Within a year, the rising prices of staple crops like rice and wheat drove the
policymakers to reverse the trade decision and completely ban the rice and wheat
exports in 1996–1997 (Hoda and Gulati 2008).

Increased production incentivized by rising minimum support prices (MSPs),
falling global grain prices owing to many factors like the 1997 East Asian crisis,
falling PDS grain offtakes due to the “targeted” focus of the system in 1997, and
export bans were among the many factors that resulted in the overaccumulation
of grain stocks in the coming years in the country. This forced the government to
remove the bans on rice and wheat exports in 2000.

But it was not before 2005–2006 when Indian wheat regained its competitiveness
because global prices had improved from their trough in around 2001–2002 (Hoda
and Gulati 2008). Wheat exports were expected to rise; however, contrary to
expectations, the government had to import wheat in 2006 to refill its plummeting
wheat stocks in the Food Corporation of India (FCI) granaries. The FY 2006–2007
was an interesting year for the food sector of the country. Owing to farmers (mainly
wheat) getting a better price for their produce from the private market, the FCI was
unable to meet its annual procurement targets, and thus its granaries fell below the
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Fig. 14.5 India’s exports of rice from 1990–1991 to 2014–2015. Source: Ministry of Commerce,
GoI

desired stock norm level. Consequently, the government imported wheat amounting
to 5.6 MMTs in that year. This is when India decided first to ban wheat exports in
February 2007 (Sharma 2011).

14.3.2 The 2007–2008 Global Price Hikes and India’s Response

From the point of view of Indian policymakers, India’s withdrawal from the inter-
national rice and wheat markets in 2007 was a well-calibrated response. However,
it appeared like a knee-jerk reaction to outsiders. Some of the alarming concerns
driving the Indian policymakers’ response to the global food crisis included food
insecurity at the household level, impacting millions of vulnerable people, continued
volatility in agricultural production caused by weather changes, fear of political
unrest in times of high and sticky food inflation, and the need to feed a large PDS.
In this section, we discuss India’s policy response to the crisis, mainly for the rice
and wheat markets.

Export Restrictions on Rice To stop the global price hikes from being transmitted
to the domestic market and to strengthen the government’s grain stocks, the country
started imposing export restrictions on common rice. In October 2007, they imposed
an MEP on common rice of US $425/ton; but by December 2007, this MEP was
increased to $500/ton. Nevertheless, the exports of rice continued unabated. In
March 2008, the government finally imposed a complete ban on common rice
exports. The exports of rice dropped from 6.5 MMT in 2007–2008 to only 2.5
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MMT in 2008–2009 (and these were mainly basmati rice exports). This decision to
ban exports of common rice in the wake of surging global prices came under severe
criticism from several rice-importing countries. In response, India opened a window
to export common rice at “concessional” prices compared to prevailing global prices
of rice to some neighboring countries, like Bangladesh and Bhutan, and also to some
low-income African countries. However, not much rice was actually exported. The
government eventually lifted the export ban on common rice in September 2011.
Since then, India has exported record quantities of rice, especially in 2014–2015,
when 12 MMT of rice was exported (Fig. 14.5).

The share of common rice in the total rice export earnings increased from 4 %
in 2010–2011 to 42.6 % in 2 years. During the period in which the export ban on
common rice was in place, India’s basmati rice exports constituted 2.5 % (2008–
2009) and 2.4 % (2009–2010) of the total rice production in India. Today, after
the ban has been removed, the country is exporting close to 10 % of its annual
production (Fig. 14.6).

The 1990–1991 Indian rice export basket comprised mainly basmati rice. With
the opening of the common rice trade, the share of basmati rice exports in the total
rice export decreased over time to less than 35 % in 2012–2013.

India has emerged as the world’s largest rice exporter since 2011, closely
competing with Thailand. Despite the export competiveness, the country imposes,
contrary to expectations, high import duty on rice: �70 % on semi-milled or wholly
milled rice and 80 % on paddy, brown rice, and broken rice. Such a high import
duty is ineffective when the country is quite export competitive in rice and has been
exporting more than 10 MMT of rice annually since 2012–2013.

Export Restrictions on Wheat India is the world’s second largest wheat producer
after China, producing about 12 % of the global wheat. It has, however, not been
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among the largest wheat exporters (accounting for about 3 % of total world exports)
because the country consumes more than 90 % of its production, and it even had
to import wheat in some of years (India was the fourth largest importer of wheat
in 2006–2007). India imposed a complete ban on wheat exports in February 2007
(Fig. 14.7) in reaction to rising prices and supply fears, both domestically and
globally.

Since India has a very small share in the global wheat market, its restrictions
on wheat exports did not have any significant effect on international prices. But the
imposition of the ban pulled domestic prices of wheat down from US $283/ton in
February to US $225/ton by April (Fig. 14.8).

The export ban also helped the domestic market to remain stable and insulated
from the steep hike in international prices in the first half of 2008; in April 2008,
when the wheat price in the global market touched US $380/MT, the domestic wheat
price in India was less than US $280/MT (Fig. 14.8).

14.3.3 Impact of Global Prices on Domestic Prices

In 2006–2007, as mentioned before, India imported about 6 MMTs of wheat after a
long time. When the global prices of rice and wheat increased drastically in 2007–
2008, banning the rice and wheat exports seemed to be a logical response in the
country’s efforts to insulate its poor from global prices spikes getting transmitted to
the domestic markets. As a result, India was actually able to contain its domestic
cereal inflation to about 6 % in 2007–2008, which helped restrict the overall
food inflation at the time and thus protect India’s poor from the price volatility.
Similarly, India managed to avoid the more severe price spikes of 2010–2011, when
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in February 2011 the global food price index even exceeded the peak reached in
2008. However, what happened in the long run is an interesting departure from
expectations.

A closer examination of the food price indices of the country and of the world
(Wholesale Price Index (WPI) food and FAO food, respectively) reveals that the
protection was only effective in the short run as the two price indices appear to have
converged over the longer run, thus rejecting the transmission insulation theory.

Since the period between 2004 and 2013, the correlation between FAO food and
Indian WPI food has been 0.78, indicating strong comovement between the indices.
Figure 14.9 shows that India’s restrictive stance on trade policy has in fact helped the
country to escape the food price spikes of the food crisis of 2007–2008 and 2010–
2011. However, in the longer run, the domestic price line appears to be converging
with its global counterpart.

Clearly, India managed to avoid price spikes in its domestic market. Interestingly,
the country also managed to avoid the troughs in global markets. In other words, it
did not allow falling global prices to immediately get transmitted to its domestic
prices. For the years 2000–2005 and more recently since 2013, when the global
food prices fell, Indian food prices remained somewhat higher. It is possible that
the domestic prices will converge over a longer period. The upshot is that Indian
trade policy has tried to smoothen out the effects of global price spikes and troughs
to prevent volatility transmission to the domestic prices, but in the medium to long
term, Indian food prices have broadly followed the global food prices.

The FAO Food Price Index is a measure of the monthly change in international
prices of a basket of food commodities. It consists of the average of five commodity
group price indices, weighted with the average export shares of each of the groups
for 2002–2004. The commodity groups are sugar, dairy, meat, edible oils, and
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cereals. Upon bringing the base of all these groups from 2002–2004 to 2004–2005,
we analyzed the numbers together with subindices of India’s WPI (Figs. 14.10 and
14.11).

Similarly, the domestic prices appear to be catching up with the international
long-run trends. The role of restrictive trade policy is evident here.

Several researchers have proven the non-transmission or limited transmission
of global volatility to domestic prices (see, e.g., Pinstrup-Andersen 2015; Kalkuhl
2014). Baltzer (2015) wrote:

Non-fiscal interventions, such as non-tariff trade barriers, parastatal grain traders (China,
India, Vietnam, Ethiopia, Malawi, Zambia and Egypt) and price controls (notably Senegal),
disrupt the price transmission mechanisms in ways harder to generalize.
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India’s Economic Survey 2014–2015 attributed the divergence between the
global and domestic prices to restrictive domestic food and trade policy. However,
the curves shown above highlight the limitations of these opinions—even though
these opinions may be true in the short run, but over a longer run, the opinions appear
to fall flat with the commoving global and domestic food prices, as evidenced by the
converging global and domestic food price curves. More sophisticated, statistical,
and econometric tools are needed for a more robust analysis of the phenomenon.

14.3.4 Indian Rice andWheat Competitiveness

From 2001–2002 to 2007–2008 (Q1), India’s domestic wholesale rice prices were
generally higher than international prices, but from 2007–2008 (Q2) to 2012–2013
(Q3), they have been continuously lower than the international prices (Fig. 14.12). It
may be observed that MSP of paddy converted to rice has been continuously lower
than domestic wholesale prices of rice during the same period.

Indian wheat prices, on the other hand, have closely followed the international
wheat prices of the US hard red winter (HRW) and the soft red winter (SRW)
( fob). The 2007 export ban on wheat protected India’s domestic wheat prices from
the enormous international food price volatility (Fig. 14.13). While the export ban
protected consumers from these fluctuations, it also harmed farmer’s interests by
limiting their exposure to lower domestic prices. Indian wheat prices generally
hovered between the fob and cif wheat prices. With global wheat prices rising in
2007–2009, Indian wheat became highly price competitive. It has regained its price
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competitiveness in 2011, when it opened its wheat exports in September. More than
12 MMTs of wheat were exported in 2012–2013 and 2013–2014.

India’s MSP has been fairly lower than most of the other rice and wheat-
producing economies (Fig. 14.14). Studies (Gulati et al. 2010) using the nominal
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protection coefficient (NPC) have shown that Indian rice is export competitive, with
its domestic prices lower than the global rice prices in most years.

In the next section, we unearth the trends in the domestic production and
understand the policy environment governing the rice and wheat farmers and the
consumer.

14.3.5 Grain Policy: Domestic

The government intervention in domestic markets of wheat and rice, ranges from
providing farmers with price support under MSP, procuring grains from mandis
(grain wholesale markets) or through millers under compulsory levies on rice, to
stocking and distributing the procured grains through the PDS. The reason that
government intervention has been heavy in wheat and rice markets is rooted in
the country’s history of famine and shortage of basic staples. Despite the costs of
market intervention, the government is unwilling to withdraw the intervention for
fear of risking potential high price volatility, which affects the food security of the
vulnerable sections of society. Lately, the new government set up a high-powered
committee to look into the functioning of the FCI in this context. The committee
made some wide-ranging recommendations, which included abolishing levy on rice,
outsourcing grain-stocking operations to private sector, introducing cash transfers in
the PDS, and reducing the buffer stocks held by the government. The government
has introduced pilot schemes for cash transfers, but many other recommendations
are still under consideration.

During the 2007–2008 global price crisis, the Government of India took two
major steps: (1) it raised the MSP substantially and (2) it started the NFSM in 2007
to produce additional 20 MMT of grains in the subsequent 5 years.
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The MSPs were raised aggressively in the years 2007–2008 and 2008–2009.
MSP increases were also necessitated by the country’s need to become self-
sufficient in cereals’ production, which suffered a setback in 2006–2007, when it had
to import wheat because FCI grain stocks fell below the norm. The MSP increases
formed a pivotal step in the direction of attaining maximum self-sufficiency
domestically.

14.3.6 National Food Security Mission 2007–2008

As a response to this forced wheat import in 2006–2007, India launched the NFSM
in 2007–2008. The objective of this mission was to increase the country’s food
grain production by at least 20 MMT in the 5 years after that—rice production by
10 MMT, wheat by 8 MMT, and pulses by 2 MMT. A two-pronged strategy was
adopted to boost grain production: (1) introducing better technology (seeds) to the
districts/states which were identified as priority, and (2) MSP for wheat and rice
were raised by almost 40 % over the next 2 years, thereby encouraging farmers
to grow more of food grains. Farmers responded positively to the combination of
technology and incentives, and grain production increased by 42 MMT between
2006–2007 and 2011–2012, even though the target was just 20 MMT. This increase
in production coincided with a period of export bans on rice and wheat. The
unexpected production boom resulted in massive accumulation of grain stocks. The
stocks with FCI, for example, reached unprecedented levels of 80.5 MMT on 1 July
2012 (Fig. 14.15).

Increasing MSPs guaranteed the further strengthening of the grain production.
Eventually the policymakers opened the exports of wheat and common rice in
2011. Since then India has become the largest rice exporter in the world, regularly
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exporting more than 10 MMT of rice each year until 2014–2015, when rice exports
reached 12 MMT.

Rising grain stocks also encouraged the government to introduce a bill in the
parliament in 2011 and then enact the National Food Security Act (NFSA) in 2013.

14.3.7 National Food Security Act, 2013

By ensuring ample food stocks with a robust and expanding production base, the
country appeared to have attained food security at the national level. However,
as highlighted before, the situation at the microlevel was bleak, with widespread
malnutrition and stunting among the population. Backed by the growing food grains
stocks, the government enacted the NFSA in 2013.

The PDS is the tool through which the government of India improves food
security at the microlevel. The FCI is the nodal agency which procures, stores,
and distributes grains (mainly rice and wheat) to states, which in turn distribute
it to the identified beneficiaries under the various food-based welfare schemes run
by the central government of the country. Appendix (Fig. 14.16) summarizes the
evolution of the PDS. The depth, scope, and coverage of the PDS expanded under
the NFSA 2013. The Act aims to solve the problem of food and nutritional security
of the Indian population. It combines and expands some existing food-based welfare
schemes and a conditional cash transfer scheme. The Act is likely to be the biggest
program of its kind so far and aims at reaching more than 800 million people (67 %
of India’s population), with an annual, legally enforceable distribution commitment
of 61.4 MMT of grains sold at highly subsidized prices (with almost 90 % subsidy).

A legal commitment of such quantum of grains is likely to put greater pressure
on the government’s procurement machinery which would need the farmer to
continue (and possibly increase) his production of the two crops. Price incentives are
important drivers of farmer behavior (Gulati et al. 2013), and future MSP increases
thus form an inevitable tool under NFSA. If the Act, in its present form, is to
deliver on its set objective of alleviating poverty and malnutrition, commensurate
price incentives have to be put in place. Supplying the committed 61.4 MMTs of
grains necessitated the government to revisit its quarterly buffer-stocking norms.
The government has already approved a newly revised, quarterly buffer stock norm
(with higher norms for three quarters).

The Act is currently unfolding in the country and faces several challenges
ranging from large leakages in the PDS and distortions in production basket to
ballooning food subsidy bill (Saini and Gulati 2015). There are apprehensions
about the capacity and the ability of the act to deliver on its set objectives. The
problem is caused by the inefficiency of the existing PDS machinery, which forms
the base of implementing the Act. The machinery is marred with inefficiencies and
redundancies. (Saini and Kozicka 2014) There are talks of substituting the systems
with a dynamic platform of direct cash/benefit transfer (DBT), whereby instead of
physical grains an equivalent amount of cash will be transferred into the account
of the beneficiary. Four Indian union territories (UTs)—Chandigarh, Puducherry,
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Daman and Diu, and Dadra and Nagar Haveli—have agreed to introduce the
DBT scheme in September 2015. Out of 36 Indian states/UTs, 13 have started
implementing the provisions under the Act.

Falling yields in the traditional rice-growing states and the lowering water tables
is one of the big challenges faced by the country today. Feeding the growing grain
needs of the country necessitates the urgency to create alternative supply stations in
the country. Therefore, the resource-rich Eastern states of Bihar, UP, Jharkhand, and
Assam need to evolve into becoming the future supplier of rice in particular. The
Second Green Revolution is likely to begin in Eastern India this time.

14.3.8 Second Green Revolution

Eastern India, with 2–3 times more rainfall compared to the Northwest states,
has underused its high-quality groundwater aquifers. Vast social capital resource
gives Eastern India a relative advantage in terms of sustainable rice production.
The Eastern states account for 56 % of the total rice planting area in India but
produce only 48 % of the total rice production. The productivity levels in the Eastern
states, except Uttar Pradesh and West Bengal, are among the lowest in India. Out
of the 26.6 million ha rice planting area in Eastern India (UP, Bihar, Jharkhand,
West Bengal, Assam, Orissa, and Chhattisgarh), approximately 14.3 million ha is
rainfed and thus prone to different abiotic stresses like flooding, drought, and soil
salinity/sodicity. These abiotic stresses are the single most important yield-limiting
factor for rice production in Eastern India. The rice productivity of Eastern India,
except UP and West Bengal, is not only low (1.7–2.5 tns/ha) but also fragile.

The central government has been allocating money under Rashtriya Krishi Vikas
Yojana from 2010 to 2011 for extending the Green Revolution to the eastern
regions of the country comprising of Bihar, Jharkhand, Eastern UP, Chhattisgarh,
Orissa, and West Bengal. The objective is to increase the productivity of crops,
mainly rice, wheat, maize, pulses, by intensive cultivation through the promotion
of recommended agriculture technologies, package of practices and high-yielding
stress-tolerant hybrid rice varieties.

14.4 Lessons Learned and theWay Forward

Overall, the experience of 2007–2008 did play a significant role in India’s agri-
culture sector. Country’s intrinsic aversion to volatile food prices coupled with a
disinclination to importing food to feed its population led the policymakers to act
the way they did during the food crisis of 2007–2008.

However, the country learned three key lessons from the food crisis. First, price
incentives are important for Indian farmers, whose encouraging response to raising
the MSP under the NFSM brought the country to new heights in the global trade.
Second, India is not insulated from global events, and putting export bans offers
only a temporary respite to the domestic food prices, which in the longer run



14 India’s Food Security Policies in the Wake of Global Food Price Volatility 349

converged with their global counterpart. Third, agriculture could be a large source
of foreign exchange (net exports) for the country. As evident in the trade flows and
demonstrated using a Balassa Index,1 India has a higher relative trade advantage
in agriculture than manufacturing. Yet the country has not been able to tap the full
potential of the sector because of its restrictive agricultural trade policies.

Therefore, to harness the full potential of the agricultural sector, there is a
need to ensure that agricultural trade policies are consistent, stable, predictable,
and conceived for the long term. Concerted efforts, however, should be made for
aligning domestic and international prices while guarding against sharp price spikes
and troughs through constant monitoring and applying calibrated tariffs rather than
outright bans.

Food security has been and will continue to be one of the primary concerns of
the country’s agriculture and food sector. The NFSA 2013 is seen as a vital step in
alleviating the issue of widespread poverty and malnutrition. Apprehensions about
the inability of the Act to deliver on the set objectives are widespread. There are even
talks about substituting the entire system of subsidized physical grain distribution
(price policy) with direct cash transfers (income policy), but a complete substitution
is still unlikely in the short run. Given the slow pace of policy changes, it may take
3–5 years to transition from physical transfers to cash transfers once the government
decides to implement the changes. Therefore, the country would remain dependent
on and sensitive to any factors affecting food crops like rice and wheat, particularly
with regard to their production and price levels.

However, the country’s policymakers should dilute the intrinsic bias of the
policy and the policy incentives toward food grains (mainly rice and wheat),
which have resulted in inefficient resource allocation and usage. The country
needs to reorient its agriculture sector and policies by calibrating them with two
things: the changing consumption patterns of the Indian population and the relative
comparative advantage that the country’s agricultural sector has globally. While the
former would bridge the increasing gap between the “plough” and the “plate,” the
latter would help the country reap benefits from trade in terms of efficiency.

Apart from crops, the country’s policymakers have an inherent bias toward
certain regions. The Second Green Revolution, which is envisaged to be a game
changer for the Eastern states, is a step in the right direction, with the focus shifting
away from the traditional northern and southern agricultural states. This evolution
should be accompanied by a reorientation of the roles of the many stakeholders,
with the public sector playing a much smaller role in the food market in the future.

1Balassa Index for revealed comparative advantage: It is an index used in international economics
for calculating the relative advantage or disadvantage of a certain country in a certain class of
goods or services as evidenced by trade flows. It is based on the Ricardian comparative advantage
concept. For year 2013–2014, value of the index for agriculture is 1.37 and that of manufacturing
is 0.8, thus indicating India’s relative advantage in agri trade than manufacturing.
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India is an important economy in the global food space and is naturally
interdependent with the world. By having a stable long-run trade policy, creating
institutions and infrastructures to facilitate trade, and focusing on promoting
resource allocation in line with its inherent competitive advantage, the country will
not only tap the full potential of its agricultural sector but will also benefit the world
immensely.
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Appendix

Appendix

PDS (1942 to 
1992)

• No Rationing of People
• Urban Bias till 1951 and  later extended to rural areas facing chronic shortages
• Rationing of quantities
• Grain under PL480 distributed till 1960s used for distribution from Ration shops.
• FCI and APC set up in 1965 and 1960s’ Green Revolution meant domestically procured grains distributed from FPSs

RPDS (1992-
1997)

• Introduced area-approach
• Targeted ALL in the identified poor areas
• Areas targeted included: hilly, remote and inaccessible areas where substantial section of poor lived
• Scale of issue: Upto 20 kg per family per month

TPDS (1997 
onwards)

• Targeted poor in ALL areas
• BPL and APL cards were issued
• Entitlements: 10 kg/month/family for both APL and BPL. Issue price was 50% of economic cost for BPL and at 100% of 

economic cost for APL. BPL entitlements increased to 20 kg in 2000, to 25 kg in 2001
• AAY introduced in 2000 with 25 kg/month/family entitlement. CIP was Rs. 2/kg for wheat and Rs.3/kg for rice. 
• The scale of issue to APL, BPL and AAY categories has been revised to 35 kg/family/month with effect from 01/04/2002

NFSA (2013 
onwards)

• Targets 67% of total population: 75% rural and 50% urban
• Beneficiaries’ identified on the base of poverty estimates and SECC Survey
• Entitlement: 5 kg/person/month. AAY the entitlement is per household, 35 kg/month/HH
• CIP: Rs.3/kg rice, Rs.2/kg  wheat and Re.1 /kg coarse grains

Fig. 14.16 Brief about the evolving system of PDS in India. Source: Saini and Kozicka (2014)
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15The Costs and Benefits of Regional
Cooperation on Grain Reserves: The Case
of ECOWAS

Lukas Kornher and Matthias Kalkuhl

15.1 Introduction

Despite widespread skepticism towards public intervention in food markets, many
governments in sub-Saharan Africa and elsewhere in the world responded to the
2007/2008 global food crisis by implementing or enhancing public stockholding.
These interventions are criticized due to their distortive effects on private trading
and their high operating costs (Newbery and Stiglitz 1981; Miranda and Helmberger
1988; Tschirley and Jayne 2010). On the other hand, the crisis also showed
that international trade is incapable of dampening supply and price shocks when
exporters insulate their domestic markets from the international price development
(Martin and Anderson 2012; Porteous 2012).

Child mortality and general food insecurity in West Africa are among the
highest in the world (FAO et al. 2013; von Grebmer et al. 2013). The region is a
major rice importer and is dependent on these imports to meet food consumption
targets. International food aid has been an important factor in offsetting fluctuations
in national production but has been decreasing rapidly since the middle of the
last decade (FAOSTAT 2014). For these reasons, the Economic Community of
West African States (ECOWAS) community decided to make plans for a regional
emergency reserve.1

1For a detailed description of the current proposal, see ECOWAS Commission et al. (2012).
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Regional food reserves are viable and comparably cheap means, as an alternative
to national reserves (FAO et al. 2011; Wright and Cafiero 2011). This is not a new
idea. International risk sharing and multinational insurance schemes were heavily
discussed in the 1970s (Johnson 1976; Reutlinger et al. 1976; Konandreas et al.
1978). As with the concept of any insurance, pooling national supplies stabilizes
regional food availability due to the imperfect correlation of national production
shocks (Koester 1986). However, potential benefits of cooperation can only be
realized when countries agree on common rules under which the reserve operates.
In other words, how much each country contributes and under which circumstances
releases from the reserve are authorized. This requires that all countries benefit from
cooperation vis-à-vis without cooperation.

Academic literature on regional storage cooperation is scant. Existing studies
underline the potential of risk sharing without explicitly conceptualizing the link
to storage. This study aims at closing the gap by providing a methodology to
evaluate potential benefits of regional storage cooperation. The main objective
is to examine whether storage cooperation could enhance food security in West
Africa. Specifically, various possible storage policies are tested, and an efficient load
distribution among participating countries is discussed. Generally, the methodology
is applicable to any group of countries and not limited to West Africa.

The remainder of the chapter is structured as follows. First, Sect. 15.2 discusses
food security and storage as well as trade as means to increase food availability
and introduces the concept of regional cooperation. Then, Sect. 15.3 and Sect. 15.4
outline the framework for assessing the benefits of cooperation and then define
optimal levels of storage in the presence of stochastic supply with the goal of
stabilizing national consumption. The results of this study, including sensitivity
analysis, are presented in Sect. 15.5. Section 15.6 concludes this chapter and
discusses policy implications.

15.2 Food Reserves, Trade, and Benefits of Regional
Cooperation

Annual production is subject to great fluctuation and consequently may be insuffi-
cient to meet stable consumption needs in non-exporting economies. Food imports
and stocks can offset these fluctuations. The empirical literature emphasizes the
interchangeability of trade and storage to offset unstable production (Williams and
Wright 1991; Makki et al. 1996, 2001). There are good reasons to believe that
free market stock levels in many developing countries are not sufficiently high or
optimal (Newbery and Stiglitz 1981; Gilbert 2011). Similarly, the potential gains
from regional trade are not exhausted in many developing countries (Badiane et
al. 2014). Gilbert (2011) suggests considering a country’s specific characteristics
to determine the right policy. So, exporters can easily regulate domestic food
availability by flexible export quantities. Trade is also advantageous if supply shocks
between countries are independent or negatively correlated (Koester 1984; Badiane
et al. 2014). In contrast, importers and countries that switch between net importer
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and net exporter can successfully insure themselves against high international
prices by keeping security stocks. Furthermore, high transportation costs (e.g.,
for landlocked countries) and/or long periods of shipment make public reserves
favorable to trade. Trade can also transmit market instability from partner countries
into national markets (Makki et al. 2001). Moreover, relying on imports to manage
food availability can be problematic when partner countries are noncooperative and
restrict exports at times (Gouel and Jean 2015). This was a frequently observed
practice during the price surges in 2007/2008 (Martin and Anderson 2012; Porteous
2012). For these reasons, food reserves have a structural advantage over trade
integration, at least from a government’s perspective.2

Food reserves can be divided into two broad categories: emergency or strategic
reserves and buffer stocks. The purpose of the former is to overcome food supply
shortfalls caused by weather-related shocks (such as droughts or floods), pests,
and political instability (Lynton-Evans 1997). During a crisis, additional food is
brought into the system via targeted food subsidies (e.g., food stamps, food for
work, school feeding programs, etc.). In contrast, buffer stocks are used to generally
stabilize commodity prices at both ends of the distribution. In doing so, public
institutions buy and sell commodities in order to increase market supply or demand.
The objective of the buffer stock is to keep prices within a price band, between a
predetermined floor and ceiling price (Newbery and Stiglitz 1981). Purchases and
sales can be realized not only in the open market but also through contract farming
and subsidized sales to public and private entities. The main danger lies in having to
operate buffer stocks permanently, which implies permanent market intervention.
Notably, intervention levels of existing national reserves and buffer stocks vary
significantly across countries.3

The gains from cooperation rest on the concept of risk pooling. Risk pooling,
or diversification, originates from the insurance and finance literature and is the
central business concept of every insurance company. Pooling uncertain outcomes
of multiple individuals reduces the volatility of their joint outcome. Expected losses
remain the same, but insurance companies can reduce their accrued liabilities if (and
only if) losses of policyholders are not perfectly correlated. On the same account, a
group of countries can reduce the stocking norm of their food reserves by sharing the
risk of supply shocks. Statistically, the covariance and correlation of individual risks
is the key determinant for gains from cooperation. If shocks are idiosyncratic, then
risk sharing is feasible. On the contrary, if shocks are highly correlated, the benefits
of cooperation will be small (Townsend 1995). From this, it is possible to conclude

2On the one hand, deepening trade relationships require trading partners to be equally willing to
cooperate; on the other hand, trade integration usually takes time to establish business relations
and trust between actors.
3Agricultural markets in India, Zambia, and Indonesia are dominated by state-owned enterprises
that buy, stock, and sell a very large share of marketed grains. In contrast, several countries maintain
public stockholding that is unlikely to affect market prices due to its small size. In an ideal world,
buffer stocks should be large enough to influence prices but small enough not to crowd out private
investment and distort markets.
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that supply instability in one region (a group of countries) is lower if national
supply quantities are independent or negatively correlated. The potential of regional
risk sharing with respect to supply shocks of major food crops in Africa is well
acknowledged in existing studies (Koester 1986; Badiane et al. 2014). Since supply
variability is the main reason to establish food reserves, lower supply variability
implies that a reserve requires lower stock levels.

Wright and Cafiero (2011) also discuss the role of regional reserves in increasing
a country’s commitment to refrain from imposing export regulations in times
of a food crisis. These commitments seem unfeasible under the common WTO
discipline. At the same time, governments dispose of ways to impede exportation
through the over-bureaucratization of legal processes. Hence, it is conceivable to
combine storage and trade cooperation. In doing so, participating countries provide
a share of their national supply for exporting (if harvests are sufficiently high) and
in return receive the entitlement to release stocks during a crisis.

A multinational reserve involving a buffer stock scheme, with market purchase
and release, seems very challenging to realize. If the regional reserve operates
separately at national levels, trade between countries would undermine the prin-
ciples of operation and could lead to complete inefficacy. On the contrary, if the
region is considered as a single market, intervention prices are extremely difficult
to determine since price levels naturally differ among member countries, especially
without a common currency. Therefore, strategic humanitarian reserves should be
preferred.

15.3 Assessment of the Costs and Benefits of Cooperation

In order to assess the costs and benefits of regional cooperation, we compare
consumption variability and reserve levels under regional cooperation vis-à-vis
without cooperation. In other words, optimal stocking norms are defined for each
individual country and for specific groups of countries. If a country’s welfare is
given by:

U D H ŒVAR .C .˛//� � G .˛/ ; (15.1)

where H is a function decreasing with consumption variability Var.C/ and G, the
costs of interventions that increase with the stock-to-use ratio ˛I ˛ 2 .0; 1/ reduces
consumption variability and thus increases H in the following manner: H0 .˛/ > 0

and H00 .˛/ < 0.
Then welfare increases with consumption stability and decreases with higher

reserve stock levels. A government chooses the optimal policy by opting for a
stock-to-use ratio (˛) that maximizes social welfare. Accordingly, there is a trade-
off when increasing the stock level of the reserve. Higher stock levels guarantee
greater consumption stability but are associated with higher operational costs.
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The optimal ˛ maximizes social welfare without cooperation. On the contrary,
in the case of regional storage cooperation, the level of consumption variability,
and thus the optimal stock-to-use ratio, is no longer determined by an individual
country through welfare optimization but by a common decision among all member
countries. Heterogeneity among regional partners could explain why they may
disagree about common regional policies. For instance, countries with high supply
instability may be satisfied with a relatively moderate level of consumption stability,
whereas countries with stable national supply need regional consumption stability
to be sufficiently high to benefit from an intervention. In regional integration, states
voluntarily hand their decision-making power over to supernational entities and
create a political power that overrules national policies (Heinonen 2006). Taking a
game-theoretic approach, the median voter will decide on the level of consumption
stability in such a setting (Alesina et al. 2005). As a consequence, countries with
similar economic structures lose less in comparison with countries with divergent
economic structures.

Thus, the benefits of regional risk sharing are evaluated against the costs of
a potentially suboptimal choice of stock-to-use ratio. Following the framework
mentioned above, the net benefits (Xi) of cooperation for each country i are given
by the difference in social welfare before and after joining the regional agreement:

Ni D Hi

h
VAR

�
bCi

�i
� Hi

�
VAR

�
C�

i

��C Gi
�
˛�

i

� � Gi .b̨i/ (15.2)

where VAR
�
C�

i

�
is the consumption variability resulting from the optimal ˛�

i for an
individual country without cooperation or the optimal level of target consumption

chosen by the country. Analogously, VAR
�
bCi

�
is the consumption variability under

cooperation determined by b̨, which is jointly selected by the member countries.
However, without specifying the functions Hi and Gi, welfare impacts are not

unambiguously appraisable. Definite predictions are possible when benefits increase
and costs decrease and vice versa. Yet in the remaining cases, a specific functional
form of Hi and Gi is required for a clear assessment.

The framework introduced requires the definition of optimal stocking rules or
stock-to-use ratios that are applied by each country. This implies stocks need
to be sufficiently high to permit stock releases that achieve the desired level of
consumption (stability). At the same, the policy governing the release of stocks
from the reserve must be strictly defined. Within regional storage cooperation, the
member countries must contribute to the endowment of the regional reserve. These
contributions could be proportionally equal. In this case, all countries would have
identical stock-to-use ratios. Alternatively, Koester (1986) proposes that a country
should contribute according to its individual stock needs. In doing so, countries
with greater supply instability would be asked to contribute more than countries
with greater supply stability. In this way, all countries would benefit from the
cooperation in the same manner. Again, the releases from the reserve must make
sure that the desired consumption (stability) is given for each member country. This
means that whenever a country’s supply falls short of its target level (specified in the
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rules of the reserve), the country would receive stocks from the regional reserve to
guarantee national consumption. As opposed to this, if a country’s domestic supply
is sufficient in satisfying domestic demand in a particular year, then the country does
not receive anything from the regional reserve.

15.4 Optimal Stocks and Stocking Rule

In this analysis, two possible types of reserve are considered: an emergency reserve,
which releases stocks whenever supply falls short of a predetermined level, and a
buffer stock regime, which stabilizes supply in both directions.

15.4.1 Emergency Reserve

In line with the existing literature, the optimal reserve level should be able to absorb
historical production and supply shocks by a predetermined probability or margin
(Johnson 1976; Konandreas et al. 1978; Koester 1986). Let the market identity be
given by:

Ct D Qt C IMt � EXt D Xt (15.3)

where total consumption (Ct) equals production (Qt) plus imports (IMt) minus
exports (EXt). Imports and exports are assumed to be from international markets
only. National production and imports constitute total national supply (Xt).

In case production falls short of the desired level, minimum consumption of a
country can be satisfied through additional imports. However, food availability has
generally (not only in the case of West Africa) seen drastic variations from year
to year despite food imports. Furthermore, international food prices fluctuate and
therefore make the food import bill unpredictable (Sarris et al. 2011). In such a
situation, the emergency reserve would step in to lift consumption to the desired
minimum level. Following Konandreas et al. (1978), the desired minimum level is
referred to as target consumption level c� (e.g., 95 % of long-term trend). Then,
consumption in a given year is given by:

Ct D max
�
Xt; c

�E ŒCt�
�

(15.4)

where Xt, is the actual supply in at t, and c�E ŒCt� is the target consumption based on
expected supply that is calculated from historical values. By definition c� 2 Œ0; 1�.

In words, when national supply is higher than the target level, consumption just
equals total supply. But whenever supply is lower than the target level, the reserve
releases the necessary amount to close the gap to satisfy at least c� � 100% of the
expected consumption. Consumption is expected to always equal supply. In order
to satisfy Eq. (15.4), stocks need to compensate for supply shortfalls of more than
.1 � c/ � 100%. Subsequently, the ratio of consumption to be stored .˛/ is defined
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as the ratio between stocks and expected consumption:

S�
t D max

t

�
0; c�E ŒXt� � .Xt/

�
for t D t1; : : : ; tn (15.5)

˛�
t D S�

t

E ŒCt�
(15.6)

where max
t
Œc�E ŒXt� � .Xt/� is the largest historical supply shortfall over the period

t1–tn. If supply never falls below c�E ŒXt�, no stocks shall be carried. S�
t are optimal

stocks, and ˛�
t is the optimal stock-to-use ratio at present time.

In regional cooperation, the reserve must carry sufficiently large stocks to satisfy
the sum of supply shortfalls in all member countries, so that regional consumption
is given by

CR
t D

X

i

Cit (15.7)

where CR
t is the regional consumption, which is the sum of the consumption in each

member country given by Eq. 15.4.
Accordingly, the individual national reserves carry total regional stocks which

are the sum of national stocks:

SR
t D

X

i

S�
it D

X

i

max
t

�
0; c�

iE ŒXit� � .Xit/
�

for t D t1; : : : ; tn (15.8)

where SR is the amount of regional stocks and all other parameters are described as
above.

If national supply shortfalls are not perfectly correlated, then the common
regional reserve must carry only enough stocks to balance the sum of the shortfalls
that occur in a particular year.

bSR
t D max

t

"

0;
X

i

bc E ŒXit� � .Xit/

#

for t D t1; : : : ; tn (15.9)

where max
t

�
0;
P

ibc E ŒXit� � .Xit/
�

is the largest historical regional supply shortfall

over the period t1–tn.andbc is the consumption target in a regional cooperation which
does not vary between member countries i. If supply never falls belowbc E ŒXt�, no
stocks shall be carried.

The regional reserve shall be endowed with stocks by contributions from its
member countries. In this instance, national stocking norms change to:

bSit D sibS
R
t D b̨tE ŒXit� (15.10)
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with b̨t D SR
t

E ŒCR
t�

(15.11)

eSit D Sit
Pn

iD1 Sit
SR

t (15.12)

where si is a country’s share of the total regional consumption; bSit and eSit are a
country’s contributions to the regional reserve under equal and relative contribu-
tions. Under equal contributions, all countries have the same stock-to-use ratio b̨
in t. Under relative contributions, b̨i varies among countries by the extent to which
national stocks vary across countries without regional cooperation.

However, regional storage cooperation and intra-regional trade cooperation can
work hand in hand. For instance, it is conceivable to assume that supply surpluses
are exported to the region. Hence, supply shortfalls in neighboring countries can
be first alleviated through trade before releasing stocks from the regional reserve.
Storage cooperation could also increase the commitment to such arrangements
(Wright and Cafiero 2011).

A reasonable assumption may be that a country’s excess surpluses ESit D Xit �
E ŒXit� are approved for export. Thus, intra-regional trade and regional stocks are
given by:

TR
t D

X

i

max Œ0; Xit � E ŒXit�� (15.13)

SR
t D max

t

"

0;

"
X

i

bcE ŒXit� � .Xit/

#

� TR
t

#

for t D t1; : : : ; tn (15.14)

where TR
t is the total quantity traded within the region in a particular year, which

is computed as the sum of excess surpluses across all member countries. Regional
trade reduces the amount of regional stocks, which are necessary to alleviate supply
shocks. Therefore, historical shortfalls, which have to be balanced, diminish with
growing amount of intra-regional trade. Contributions of member countries and
stock-to-use ratios can be computed in a way analogous to the case without intra-
regional trade.

15.4.2 Stabilization Reserve

As opposed to the emergency reserve described in the previous section, the concept
of the stabilization reserve is derived from the classical storage literature (Gustafson
1958). Stocks are regarded as part of national supply and demand. Each year, a
constant portion (� ) of the total available supply is kept as stock in a reserve; this
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is a linear approximation of the stocking rule pioneered by Gustafson. In this way,
stock levels change over time. After years with good harvests, stock levels will be
become higher (and will correspondingly become lower after bad harvests). In this
case, the market identity from Eq. (15.3) above changes to:

Ct D Xt �St (15.15)

St D StC1 � St (15.16)

StC1 D � .St C Xt/ (15.17)

where all parameters are defined the same as above. St is opening stocks available
for consumption in t, and StC1 are the stocks carried to the next period. St is the
change in ending stocks from t � 1 to t. � is the constant portion of total available
supply that is carried over to the next period.

Inserting Eq. (15.15) in Eq. (15.14), consumption can be written as4:

Ct D .1 � �/ .Xt/C .1� �/ St (15.18)

Since supply naturally fluctuates, we want to know the expected level of stocks. This
can be easily derived since E ŒSt� D E ŒStC1�. Thus,

S�
t D �E ŒXt�

.1 � �/ (15.19)

˛� D �

1 � �
(15.20)

where S�
t is the optimal stock level and ˛� the corresponding optimal stock-to-use

ratio.
The objective of the stabilization reserve is to stabilize consumption. Hence, it

is of interest is to investigate how consumption variability depends on the stocking
parameter .� ). Taking the variance of Eq. (15.18) yields:

VAR.C/ D 1 � �
1C �

VAR.X/ (15.21)

CV.C/ D
s
1 � �

1C �
CV.X/; (15.22)

4For the complete analytical derivation, see Kornher (2015).
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where VAR .C/ and VAR .X/ are variance of consumption and supply, respectively,
and CV .C/ and CV .X/ are the respective coefficients of variation.

Consequently, consumption variability is a function of supply variability and the
stocking parameter (� ). The larger the supply variability, the larger the consumption
variability. On the other hand, increasing � stabilizes consumption. It is important
to note that the stabilization reserve in the case of regional storage cooperation
works only if markets are fully integrated and if demand and supply adjust perfectly
between countries. In this case, regional supply and consumption variability are
equal to national supply and consumption variability for each individual member
country.

15.5 Results

15.5.1 Supply Patterns inWest Africa

Table 15.1 provides economic and agricultural statistics on West African countries
involved in this analysis. Heterogeneity between countries exists with respect to
income level and food security status. While Ghana and Cape Verde have relatively
low prevalence of hunger and malnutrition, 12 % of the total ECOWAS population
is still undernourished, with alarmingly high figures in the Sahel zone. With the
exception of Mali and to some extent Burkina Faso, all countries depend on imports
to guarantee sufficient supply of grain. In general, it is observed that coastal
countries have larger import-to-production ratios, with Cape Verde, Cote d’Ivoire,
Liberia, Senegal, and Mauritania having ratios above one. Overall, Nigeria’s
prominent role in the region is to be noted. Due to the country’s population, more
than 40 % of regional production originates from Nigeria, and thus the country
would likely assume a leading role in any regional cooperation agreement.

The subsequent analysis is based on fluctuations in national food production
and supply. Supply is calculated as production plus imports. In this way, extreme
fluctuations in the production of many import-dependent countries are extenuated.
Therefore, the analysis of supply shocks is considered to be more instructive. All
imports are considered to be from international markets. In the analysis which
considers intra-regional trade, these international imports are considered to be part
of the national supply.

Since production increases with agricultural productivity and population growth,
unadjusted measures of variability as variance and coefficient of variation become
inappropriate measures of variability (Cuddy and Della Valle 1978). One possibility
is to correct coefficient of variation and variance by the fitness of a trend function
(Koester 1984). Alternatively, variability can be measured after detrending the time
series. Thus, variability in supply is given as the variation around a trend. A linear
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Table 15.1 Key statistics: ECOWAS

Total Import/

Population (in GDP per % of under- production (in production

100,000) capita PPP nourished 1000 mt) (in %)

Benin 10,323 1791 8.1 1667 21
Burkina Faso 16,934 1634 25.9 4949 9
Cape Verde 498 6412 – 7 2.86
Cote d’Ivoire 20,316 3012 21.4 1276 116
Gambia, The 1849 1666 14.4 214 58
Ghana 25,904 3974 3.4 2645 44
Guinea 11,745 1255 17.3 2292 21
Guinea-Bissau 1704 1242 8.7 175 74
Liberia 4294 878 31.4 150 227
Mali 15,301 1641 7.9 5032 3
Niger 17,831 913 12.6 4308 13
Nigeria 173,615 5863 8.5 22,042 32
Senegal 14,133 2269 20.5 1182 150
Sierra Leone 6092 1927 28.8 897 28
Togo 6816 1390 16.5 1142 23
Total ECOWAS 327,355 4123 12 47,978 30
Cameroon 22,253 2711 15.7 3047 37
Chad 12,825 2081 33.4 1647 18
Mauritania 3889 3042 9.3 222 207

Source: AFDB (2014), von Grebmer et al. (2013), USDA (2014). Note: Mauritania withdrew
from ECOWAS in 2000; CFA countries are Benin, Burkina Faso, Cameroon, Chad, Cote d’Ivoire,
Guinea-Bissau, Mali, Mauritania, Niger, and Senegal; all other countries use their own free floating
currency

trend clearly does not fit the supply data of several countries in the region. Therefore,
the data is detrended by using the Hodrick-Prescott filter (HP-filter).5

An example is given in Fig. 15.1, which shows the national supply in Ghana.
Actual supply quantities are depicted by the black line, and the dashed gray line
indicates the HP-filter trend values for a smoothing parameter of 6.25. The deviation
of actual supply from trend supply becomes stationary, and variability can be
computed by:

CV D
r
1
.

n

X�

 � Xt=St

�2
=
; (15.23)

5The HP-filter is widely used to detrend macroeconomic time series data that exhibits cyclical
fluctuations. The estimated trend value is given by the minimization of quadratic deviations in due
consideration of a smooth trend. As recommended for annual data, the smoothing parameter is
chosen to be 6.25 (Gabler Wirtschatfslexikon 2014).
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Fig. 15.1 Grain supply in Ghana 1980–2014. Source: Author’s illustration based on USDA
(2014)

where Xt is the total supply in t and Xt the trend value of supply determined by the
HP-filter. By definition, 
 equals 1.

Table 15.2 shows each country’s contribution to the total regional grain supply
in 2014 as well as the coefficient of variation in production and supply over the
period from 1980 to 2014. In brief, there are two general observations. First,
supply variability is substantially lower than production variability, in particular for
countries with high import-production ratio. Second, no country exhibits production
and supply variability that is lower than the figure for the region as a whole.
Therefore, the basic requirements for the West African region to benefit from
cooperation are fulfilled.

In more detail, production variability is highest for Cape Verde, Mauritania,
Senegal, the Gambia, and Chad. All these countries largely depend on import.
However, for all of these countries, supply variability is significantly lower. This
implies that imports were successfully utilized to stabilize domestic consumption,
but the import levels are still higher than in countries with greater self-sufficiency.
In general, coastal countries show higher production and supply stability; this can
be explained by more favorable climatic conditions in the humid and semi-humid
tropical zone compared to the Sahel zone (HarvestChoice 2014). Interestingly, these
findings with regard to instability are quite similar to those of Koester (1984), who
looks at the period from 1960 to 1980. According to his analysis of the UEMOA
countries, Burkina Faso, Cote d’Ivoire, and Mali had more stable production than
Senegal, Mauritania, and Niger. The observed pattern seems to persist over time.
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Table 15.2 Production and supply instability in West Africa

Share in regional Share in regional

production CV production supply CV supply

Benin 2:9 7:6 2:7 7:6

Burkina Faso 8:9 10:3 7:5 9:1

Cameroon 5:7 7:2 6:0 6:0

Cape Verde 0:0 43:8 0:0 30:3

Chad 3:4 15:7 3:0 13:3

Cote d’Ivoire 2:4 5:5 4:0 5:7

Gambia, The 0:4 16:1 0:5 14:4

Ghana 5:0 14:0 5:6 10:2

Guinea 4:2 5:5 3:9 5:6

Guinea-Bissau 0:4 9:8 0:4 10:3

Liberia 5:0 16:1 0:7 14:8

Mali 10:4 9:7 8:1 9:4

Mauritania 0:4 27:6 1:0 9:6

Niger 8:7 13:5 7:4 12:0

Nigeria 40:6 5:8 41:2 5:4

Senegal 2:4 18:0 4:3 8:3

Sierra Leone 1:5 13:8 1:6 11:1

Togo 2:1 10:2 2:0 8:1

Region 100:0 4:5 100:0 3:4

Source: Author’s computation based on USDA (2014)

15.5.2 Emergency Reserve

This subsection discusses the optimal stocking norms for an emergency reserve as
defined earlier. The target consumption level is the critical parameter to be chosen.
A target consumption level of j % can be represented by j % of annual production
(dashed line in Fig. 15.1).6 The lighter solid line in Fig. 15.1 illustrates this for a
target consumption level of 95 %. Then, the deviation of actual supply from target
consumption is computed, and the maximum historical shortfall is identified. In the
instance of Ghana, the largest shortfall happened in 1983. The size of the shortfall
depends on the target consumption chosen. Target consumption levels of individual
countries are hypothetical and cannot be observed. A possible way to determine
target consumption levels is to assume that each country uses the reserve to mitigate
x- % of the largest supply or production shock. From the standard deviation of these
shocks of each country, the target consumption level with respect to any quantile
can be computed. Normalized standard deviations are equal to the coefficient of
variation shown in Table 15.2. Figure 15.2 shows the target consumption levels

6Recall that production/supply D consumption.
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Fig. 15.2 Possible target consumption levels by country. Source: Author’s illustration

across countries for the 1 %, 5 %, and 10 % quantiles when assuming a normal
distribution of supply shocks.7

Figure 15.2 contains important information. Intuitively, the larger the tail of
the distribution (the greater the quintile), the lower target consumption will be.
First, as elaborated above, higher target consumption levels also require larger
stocking norms. Second, target consumption levels would vary significantly among
the countries: Nigeria, Cote d’Ivoire, and Guinea would have the highest target
consumption levels, and Cape Verde would have the lowest. Third, the lower the
national supply variability, the higher the target consumption levels in a particular
quintile. This is also intuitive because when national supply is more stable, higher
target consumption is required to alleviate a relatively moderate supply shock. In

71 %, 5 %, and 10 % quantiles reflect the frequency of interventions of the national reserve. Thus,
absorbing the 10 % largest supply shocks demands the highest frequency of supply shocks.
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the following, the median values will serve as possible target consumption levels
for the region.

15.5.2.1 Emergency ReserveWithout Intra-regional Trade
The stocking norm is defined as the largest historical shortfall between actual and
target consumption over the past 35 years. Table 15.3 summarizes the respective
stocking norms for all countries and various levels of target consumption. Apart
from the median target consumption levels, the target consumption levels of 99 %,
97 %, 95 %, and 90 % are also considered.

Large countries have the highest optimal stocking norms. The corresponding
stock-to-use ratios show the relative level of the stocking norms. All countries that
are characterized by high supply variability also have the largest optimal stocking
norms within an emergency reserve. The total regional stocks according to the
maximum historical shortfall rule are between 231,137 tons and 6.2 million tons.
The values for the target consumption levels of 95 % and above are well in the
range of the actual stock levels according to USDA and FAO CBS. However, one
would choose optimal emergency reserve stocks that are smaller than actual stocks
since total stocks also include speculative and working stocks of private market
participants. In this respect, lower levels of target consumption seem to be more
reasonable.

On the other hand, several countries with low supply variability hardly stock
anything at target consumption levels below 95 %, as shown in Table 15.3.
For instance, Nigeria and Guinea would not store anything at target consumption
levels of 88 % and below and thus would not benefit from regional storage with
all stocking norms selected using the median values (shown in Fig. 15.2). At
the target consumption level of 84 %, Cote d’Ivoire and Senegal would likely
also cease to participate in a regional reserve, followed by Benin, Burkina Faso,
Cameroon, Guinea-Bissau, Mali, and Togo for 78 % target consumption. Hence,
target consumption levels need to be sufficiently high in order that all West African
countries benefit from cooperation. For this reason, only simulation results for target
consumption levels of 90 % and above are subsequently presented in the main text.
The detailed simulation results for the target consumption level of 95 % are tabulated
in the main text in Table 15.4; the detailed results for 90 %, 97 %, and 99 % are
presented in the Appendix (Tables 15.6, 15.7, and 15.8).

Under storage cooperation, optimal stocking norms can be significantly lower
if shortfalls between actual and target consumption levels are independent or not
perfectly positively correlated. The potential for the ECOWAS region to benefit
from these independencies of production and supply shocks is underlined by the
analysis conducted by Badiane et al. (2014).

Table 15.4 shows the results of having a regional reserve. For both production
and supply, the remaining columns contain the optimal stocking norm under the
following three scenarios: (1) no storage cooperation under autarky, (2) equal con-
tributions from the countries to the regional reserve, and (3) relative contributions to
the regional reserve required under autarky. The first column reveals the probability
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Table 15.4 Optimal stock levels in 2014 for target consumption of 95 %

Production Supply
Pi Si

� bSi eSi Pi Si
� bSi eSi

Benin 26 % 98,832 68,249 58,004 29 % 103,195 66,181 66,804
Burkina Faso 26 % 461,771 209,158 271,009 29 % 407,983 182,765 264,111
Cameroon 11 % 163,986 134,570 96,242 14 % 148,788 146,499 96,319
Cape Verde 43 % 7572 298 4444 40 % 14,144 885 9156
Chad 37 % 301,534 79,510 176,968 31 % 278,533 73,389 180,311
Cote d’Ivoire 14 % 84,520 55,554 49,604 20 % 99,615 97,416 64,487
Gambia, The 34 % 70,230 9566 41,217 43 % 34,589 12,069 22,391
Ghana 17 % 287,853 118,080 168,939 26 % 366,847 136,789 237,481
Guinea 17 % 57,988 99,377 34,033 14 % 51,597 96,782 33,402
Guinea-Bissau 29 % 21,528 7566 12,635 31 % 20,755 10,768 13,436
Liberia 31 % 20,306 7941 11,918 31 % 44,203 18,083 28,615
Mali 37 % 216,774 243,921 127,223 31 % 223,631 199,491 144,770
Mauritania 46 % 49,666 9552 29,149 29 % 91,279 25,604 59,090
Niger 29 % 607,626 204,524 356,610 31 % 503,972 182,173 326,251
Nigeria 17 % 928,445 951,527 544,897 14 % 977,939 1,010,583 633,077
Senegal 40 % 429,613 56,908 252,136 26 % 208,432 106,131 134,930
Sierra Leone 31 % 105,992 35,788 62,206 31 % 119,471 38,301 77,341
Togo 23 % 75,671 49,553 44,411 20 % 94,014 48,925 60,861
Total 97 % 3,989,905 2,342,642 2,342,642 97 % 3,788,989 2,452,834 2,452,834

Source: Author’s computation based on USDA (2014). Note: Stock levels in mt; Pi is the
probability of intervention when production and supply are below the target consumption (99 %).
Si

�,bSi,eSi are stocks without cooperation and with equal and relative contributions

of a shortfall in production and supply.8,9 The last row contains the total stock level
of the whole region if the countries operate individual reserves and if they cooperate.
Without regional storage cooperation, the total regional stocks amount to 3,989,905
metric tons for production only and 3,788,989 metric tons for supply. In contrast,
with cooperation, regional stocks only need to be 2,342,642 and 2,452,834 metric
tons. Comparing the two scenarios reveals a 41 % and 35 % reduction in the total
storage level for production and supply, respectively. Since relative contributions
among the countries imply that all countries benefit equally from the cooperation,
the percentage reduction in storage levels applies to all countries alike. The positive
effect of a regional storage cooperation holds regardless of the rule of contributions
(equal or relative), but two countries, namely, Guinea and Nigeria, are disadvantaged
in the case of proportionally equal contributions. Figure 15.3 shows the difference
between the effects of both types of contributions on each country. It becomes
evident that countries with relatively low levels of supply variability would prefer

8Equal contributions imply, proportionally equal to a country’s share in regional consumption.
9The probability of shortfall is computed from historical shortfalls.
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Fig. 15.3 Contributions to a regional reserve with 95 % target consumption by country (based
on supply). Source: Author’s illustration based on USDA (2014). Note: Equal contributions to the
reserve imply an identical stock-to-use ratio across countries, while relative contributions demand
higher stock-to-use ratios in countries with higher variability in supply

relative contributions to the regional reserve. Nigeria, the single largest contributor,
could save more than 300,000 metric tons of food when making relative as opposed
to equal contribution. Similarly, Guinea, Cote d’Ivoire, Mali, and Cameroon would
be able to reduce their contributions under the relative contribution scheme. In fact,
the average stock-to-use ratio in the region (5 % for 95 % target consumption)
represents a threshold. Without regional cooperation, all countries that have a stock-
to-use ratio above the regional average are better off by adopting equal instead of
relative contributions, while all countries with a stock-to-use ratio below regional
average would prefer relative contributions.

For clarity, the tabulated results for the other target consumption levels are
only presented in the appendix. However, their effect on total regional stocks is
illustrated in Fig. 15.4. The benefits of cooperation are lower at higher levels of
target consumption. At 99 % and 97 % target consumption, regional stocks were,
respectively, around 25 % and 30 % lower with cooperation than without cooper-
ation, whereas the benefits of cooperation are greater at the target consumption of
90 %. Accordingly, regional stocks could be 62 % lower with regional cooperation
in contrast with without cooperation.
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Fig. 15.4 Regional stocks with and without storage cooperation (without intra-regional trade).
Source: Author’s illustration based on USDA (2014)

It is noteworthy that a regional reserve without integration of markets or transfers
between countries is required to act significantly more often than a national reserve
as the probability of shortfalls increases. Hence, the total quantity needed to
compensate for production and supply shortfalls is equal with or without storage
cooperation. The benefits of cooperation are apparent only when lower stock levels
are kept at any one time. However, these benefits are substantial as countries are also
required to renew their reserve stocks on a regular basis, even if the reserve stocks
are not used to offset supply shocks.

Lastly, what are the welfare implications that can be derived from the simulation
results above? First and foremost, with reasonably high levels of target consumption,
optimal stocking norms can be defined so that all countries would benefit from
the decision. However, preferences are not homogeneous, and low levels of target
consumption put countries with low supply variability at a disadvantage. Since the
preferences of countries cannot be observed, only under two circumstances can net
benefits be identified when preferences are heterogeneous. First, target consumption
chosen by the region is lower than that of a country without cooperation, while
stocking norms are lower with cooperation; in this case, a country benefits from
cooperation. Second, the net benefits of cooperation are unambiguously negative if
target consumption with cooperation is higher than with regional cooperation and
if stocking norms are higher than without cooperation. Indeed, the latter can be
excluded by choosing target consumption levels above 90 %. Intuitively, countries
with large supply variability would likely prefer equal contribution to the regional
reserve. Therefore, it is important to offer incentives for all countries to participate
in the reserve in order to realize the full benefits of cooperation.
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15.5.3 Emergency Reserve with Intra-Regional Trade

When intra-regional trade is allowed, the analysis is analogous to the scenario
without trade. Therefore, the largest historical shortfalls and the associated stocking
norms in autarky remain unchanged. The only difference is that supply shortfalls in
neighboring countries are first alleviated through trade before releasing stocks from
the reserve. Participating countries are committed to export only when actual supply
exceeds estimated supply as computed by the HP-filter.

Figure 15.5 shows a comparison of the required stocks with and without intra-
regional trade. Trade appears to hardly reduce the level of required stocks. The most
notable gains are seen when stocks are based on a consumption shortfall of 10 %.

The results of the simulation can be explained by the choice of the criterion
used to determine reserve levels according to historical consumption shortfalls. The
historically largest shortfall occurred in 2007, and only very few countries were
able to export in that year. The exports from these very few countries are not
high enough to offset the supply shortfalls of other countries. Small differences
in the reserve level notwithstanding, regional trade would reduce the frequency of
stock-outs significantly. The probability of a shortfall occurring is at most 43 %,
compared to between 89 % and 100 % across all levels of target consumption for the
emergency reserve without intra-regional trade. When 5 % shortfall in consumption
is allowed, with intra-regional trade, the probability of a shortfall is only between
20 % and 26 % for supply and production, respectively.

These benefits are founded on intra-regional exports. Figure 15.6 shows the
average annual exports, based on production and supply figures, over the period
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Fig. 15.5 Regional stocks for an emergency reserve with intra-regional trade. Source: Author’s
illustration based on USDA (2014)
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Fig. 15.6 Average annual exports by country 1980–2014. Source: Author’s illustration based on
USDA (2014)

from 1980 to 2014. The total annual exports amounted to 1.13 million tons based
on production and 1.16 million tons based on supply data. As calculated using
the expected supply for 2014, the total annual exports range between 0.7 % and
0.9 % of total supply in 2014 for Guinea and Cameroon and between 4.59 % and
7.9 % for Cape Verde. By the definition used to determine exports, countries with
higher production and supply fluctuations automatically export more than countries
with lower fluctuations. This is because these countries exhibit greater positive and
negative deviations from the trend. Generally, exports are at a realistic level. Net
welfare benefits can be computed in a way similar to the case without intra-regional
trade.

15.5.4 Stabilization Reserve

The optimal stocking rule under national stockholding can be estimated using actual
stock data. Since the USDA only has poor quality of data on stocks for small
countries, the FAO CBS stock data is preferred and utilized in this analysis. The
stocking parameter is obtained by estimating the following equation with OLS:

St D � .St�1 C Qt�1 C IMt�1 � EXt�1/C "t (15.24)

where all variables are as described in the previous sections and "t is the normally
distributed error term.

It should be noted that the constant is omitted in this estimation. First, storage is
a nonnegative value, and negative stocks values are also impossible. Second, stocks
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Fig. 15.7 Stocking parameter and supply variability across study countries. Source: Author’s
illustration based on USDA (2014) and FAO CBS (2014)

need to increase with supply starting from zero if supply is zero.10 The results are
presented in Fig. 15.7, which depicts the stocking parameter � conditional on the
level of supply variability estimated by the coefficient of variation around a trend as
described in the previous sections.

The solid line represents the overall positive correlation between supply vari-
ability and the stocking rule. A slope parameter of 0.30 implies that the stocking
parameter increases by 3 percentage points on average when supply variability
is 10 percentage points higher.11 However, there are notable exceptions to this
relationship.12 Niger, Sierra Leone, and Nigeria store only 6 % of its total available
supply, although their supply variability is relatively high. In contrast, the Gambia
and Chad experience supply variability similar to Niger, but they store 24 % and
19 %, respectively. All other countries in the region store roughly between 8 and

10The estimation is associated with several problems (non-stationarity, number of observations),
and results have to be interpreted with caution. However, the objective is not to establish causality
or to compute confidence intervals but rather to obtain a country’s preferences without storage
cooperation.
11When Cape Verde, an outlier, is excluded, the slope parameter only changes marginally.
12It should be noted that an increase of 0.1 is quite substantial because � ranges between 0 and 1.
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Fig. 15.8 Consumption and supply variability of study countries. Source: Author’s illustration
based on USDA (2014) and FAO CBS (2014)

17 %. Taking the sum of individual stocks as the optimal choice for the region, 9 %
of the region’s annual supply should be stored due to the low value of Nigeria.

Using the policy parameter and the information on each country’s supply
variability, it is possible to compute the consumption variability as chosen by each
country (see Eq. 15.22). Figure 15.8 shows the relative position of each country with
regard to their consumption and supply. The solid line represents the parity between
consumption and supply variability; countries without storage would lie on this line.
With additional storage, countries move further to the right, away from the solid line.
Hence, the larger a country’s stocking parameter ” is, the farther away from the
parity line countries are. Moreover, for countries with lower supply variability, it is
less efficient to decrease consumption variability by one unit by increasing storage.
For example, Cameroon needs to store 18 % of its total available supply to reduce
consumption variability by 1 %. In contrast, Ghana is able to reduce consumption
instability by 0.8 % by storing only 9 % of its available supply.

The costs of stabilization are already described by the stocking parameter � . The
full dimension of the costs become more visible when looking at the amount of
stocks required to reach a desired level of consumption stability. Table 15.5 presents
the optimal stock levels and stock-to-use ratio for � calculated using country-level
stock data and compares them to actual levels. The resulting stock-to-use ratio is
˛ D �

1�� , which has a positive exponential relationship with � . When � > 0.5,
stocks already amount to expected consumption levels with a stock-to-use ratio
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Table 15.5 Actual and optimal stock levels under a linear stocking rule

�� CVc S� S2013 ˛�

S2013
C

Benin 0.105 6.8 220,802 162,000 11.8 12.8
Burkina Faso 0.083 8.4 466,615 495,000 9.0 8.5
Cameroon 0.178 5.0 899,228 866,000 21.7 16.0
Cape Verde 0.169 25.5 5089 7000 20.3 20.3
Chad 0.193 10.9 496,928 564,000 23.9 22.3
Cote d’Ivoire 0.095 5.2 290,463 467,000 10.5 9.3
Gambia, The 0.239 11.2 107,609 48,000 31.5 30.4
Ghana 0.089 9.4 379,520 325,000 9.8 9.2
Guinea 0.138 4.9 438,248 511,000 16.0 14.3
Guinea-Bissau 0.164 8.7 59,828 69,500 19.6 17.3
Liberia 0.144 12.8 86,482 56,000 16.9 14.7
Mali 0.117 8.4 746,375 855,000 13.2 10.1
Mauritania 0.159 8.2 137,177 95,500 18.9 20.7
Niger 0.057 11.4 314,910 522,000 6.1 5.4
Nigeria 0.063 5.1 1,915,352 850,000 6.7 7.0
Senegal 0.140 7.2 491,235 492,000 16.3 16.2
Sierra Leone 0.063 10.4 72,532 87,000 6.7 5.3
Togo 0.132 7.1 211,342 171,000 15.2 14.9
Region – 3.1 7,063,305 6,643,000 – 10.3

Source: Author’s computation based on USDA (2014) and FAO CBS (2014). Note: Country level

� is obtained by the regression (15.24); CV consumption is computed as CVc D
q

1��

1C�
CV.X/

(see Eq. 15.22); the optimal regional � is unknown

greater than one. Notably, the linear stocking rule predicts actual stocks and stock-
to-use ratios quite precisely.

The last row in Table 15.5 provides stock figures for the region as a whole. Given
the current stock level of around 7 million tons, the regional stocking rule would
imply that 9 % of the total supply needs to be stocked up. This is associated with
a consumption variability of 3.4 %, as compared to 3.1 % without storage. It is
also possible to describe the initial optimization problem of governments directly
as a trade-off between costs and benefits, more specifically, the trade-off between
consumption stability and operational costs. Figure 15.9 shows the trade-off for the
region as a whole. The dotted black line indicates the status quo – roughly 7 million
tons of stocks associated with a coefficient of variation of consumption of 3.1 %.
The dashed black line represents a stock level of 11.1 million tons resulting from
a stocking parameter of 0.135, which is the median parameter across all member
countries.

The required amount of stocks increases overproportionally with a reduction in
consumption instability. In order to reach consumption stability of up to only 2.7 %,
the region would require roughly 20 million tons of stocks. When no stocks are
required however, consumption variability through market integration or transfers
between countries is only 3.4 %; this figure is 2 % less for Nigeria, which has
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Fig. 15.9 Regional consumption variability at different stock levels. Source: Author’s illustration
based on USDA (2014) and FAO CBS (2014)

the lowest supply variability. This implies that most of the gains originate from
trade integration and not from storage cooperation. In other words, consumption
stability is largely enhanced by regional trade integration, but increasing stocks
have only very little impact on the level of consumption variability. The benefits
of regional trade cooperation are significant. Individual countries would need an
unrealistically large amount of stocks in their stabilization reserve to achieve a
consumption variability of 3.4 %. The costs and benefits of cooperation can be
evaluated for a particular level of consumption variability which the region desires.
We assume the observed stocking parameter is chosen as the optimal stocking rule
by each country. Since trade integration is associated with huge benefits in the form
of a reduction of consumption instability, a country in autarky may be worse off only
if the regional stocking parameter exceeds the one chosen by the country. Hence, net
benefits are strictly positive for all countries up to a stock-to-use ratio of 6.1 % for
Niger, 6.7 % for Nigeria and Sierra Leone, 9.0 % for Burkina Faso, and 9.8 % for
Ghana; in the same manner, the values for other countries are determined according
to ˛�

i , as shown in Table 15.5.
Lastly, it is possible to test how a linear stocking rule would have performed over

the course of the last 35 years. Figure 15.10 illustrates the performance in relation
to the associated target consumption levels. Despite regional trade integration, the
simulated regional consumption undershot target consumption levels of 99 %, 97 %,
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Fig. 15.10 Regional consumption under trade integration without storage. Source: Author’s
illustration based on USDA (2014) and FAO CBS (2014)

and 95 % multiple times.13 Thus, regional trade integration reduces consumption
variability significantly, but it is unable to combat severe supply shortfalls. Con-
versely, a linear stocking rule which guarantees that all countries achieve net benefits
by cooperating (˛D 6.1 %) would have a guaranteed target consumption of 97 %
over the whole period. Clearly, a linear stocking rule is effective in buffering positive
and negative supply shock. However, the effects are rather small compared with the
benefits of trade integration within the whole region. This may change if the number
of participating countries reduces.

15.6 Conclusion

In this study, a methodology for assessing the costs and benefits of regional
storage cooperation is outlined and applied to the West African region. Building
on the influential works of Johnson (1976) and Koester (1986), the methodology
establishes a link between supply and consumption variability, and it accounts for
the potential benefits of cooperation through the imperfect correlation of production
and supply shocks among neighboring countries. In doing so, the work complements
previous studies by conceptualizing the link to storage.

13To be exact, the number of shortfalls are (accordingly to target consumption) 99 %, 11 times;
97 %, 7 times; 95 %, 3 times; and 90 %, never.
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The principles of risk pooling allow for reducing carry-over stocks by 35–
41 % within West Africa without welfare transfers or trade between countries
so as to guarantee at least 95 % of the expected trend consumption. For other
minimum consumption levels, the benefits are between 25 % and 60 %. National
contributions to the reserve can be organized in such a manner that all countries
benefit significantly from the cooperation. However, in this way, releases from the
reserve would occur frequently, and stocks would need to be refilled on a regular
basis. If limited intra-regional trade takes place between areas with surplus and
deficiency, the optimal regional stocks under cooperation hardly change. However,
the need for stock release intervention reduces significantly. Therefore, trade is
very effective in smoothing consumption when supply fluctuations are moderate.
In contrast, reserves are required to dampen large supply shortfalls. These benefits
are large enough to justify additional costs that may arise from storage cooperation.
Lastly, complete market integration in West Africa would greatly benefit countries
with high supply variability. Without undertaking any storage, regional supply
variability is at 3.4 %, which is higher than that of each country included in
the analysis. Storage cooperation beyond full market integration would reduce
consumption variability only marginally. Furthermore, trade integration without
storage, unlike an emergency reserve, is incapable of dampening severe supply
shortfalls.

It is also important to consider offering incentives to countries to encourage
them to participate in a regional reserve. When the level of target consumption
is relatively low in an emergency reserve, countries with low supply variability
do not benefit. Yet these countries are of particular importance to realize the full
benefits of regional cooperation. The advantages of cooperation diminish rapidly
when countries with limited supply variability or countercyclical shock patterns
refuse to participate in the alliance. However, it should be noted that a regional
emergency reserve guaranteeing relative high levels of target consumption needs to
carry large amounts of stocks, which are associated with high operational costs.

These findings are of great relevance to the ongoing debate on public food
storage, trade integration, and regional reserves. Trade liberalization is widely
considered as an effective instrument to balance supply variability and production
shortfalls. In contrast, public storage is associated with substantial market distor-
tions and comes at high fiscal costs. Nevertheless, a number of developing countries
responded to the global food crisis in 2007/2008 by implementing and enhancing
public storage to increase food security. This is also driven by the unpredictability of
food availability at international markets as exporters attempt to insulate domestic
markets. Regional storage cooperation was brought up for discussion as viable and
comparably cheap means of addressing a food crisis and as an alternative to national
reserves. Moreover, storage cooperation could enhance commitment of exporters to
regional trade agreements (Wright and Cafiero 2011).
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West Africa has taken a pioneering role by showing the intention to implement a
region-wide emergency reserve. Political and economic integration in West Africa
is among the most advanced in Africa. However, at present, intra-regional trade is
limited partly because of bad infrastructure and bureaucratic hindrances at national
boundaries. The results from this study should be understood as an encouragement
to regional storage cooperation in the region. Three messages can be taken away
from this study. First, production and supply patterns in the region are able to
facilitate cooperation which may yield massive benefits. Second, trade integration is
more effective than storage in smoothing supply, but storage is required to dampen
extreme supply shortfalls. Last, there is great potential for storage cooperation with
regard to an emergency reserve and less with regard to a stabilization reserve.
Nevertheless, clear rules about individual country’s contributions and releases, and,
if needed, regional trade management, are essential to organize regional storage with
mutual benefits. Administrative complexity is likely to be a smaller problem with
a limited number of partner countries. Therefore, future research should attempt to
evaluate the costs and benefits for subsets of countries in an attempt to identify the
countries which could possibly form a coalition. Moreover, the potential benefit of
intra-regional trade integration should be analyzed more rigorously.

Acknowledgment The author acknowledges financial support from the European Commission
(FoodSecure Research Project) and the Federal Ministry for Economic Cooperation and Develop-
ment of Germany (Research Project on Commodity Price Volatility, Trade Policy, and the Poor).

Appendix

Table 15.6 Optimal stock levels in 2014 for target consumption of 99 %

Production Supply
Pi Si

� bSi eSi Pi Si
� bSi eSi

Benin 40 % 141,604 120,137 100,356 37 % 152,677 127,265 116,424
Burkina Faso 40 % 631,234 368,174 447,361 40 % 593,667 351,453 452,700
Cameroon 49 % 214,049 236,879 151,698 26 % 203,148 281,713 154,911
Cape Verde 49 % 8101 524 5741 52 % 15,455 1701 11,785
Chad 49 % 368,209 139,960 260,953 46 % 357,082 141,125 272,293
Cote d’Ivoire 37 % 127,531 97,789 90,382 43 % 181,273 187,327 138,229
Gambia, The 43 % 79,208 16,839 56,135 55 % 48,382 23,208 36,894
Ghana 43 % 357,196 207,853 253,148 43 % 477,451 263,042 364,079
Guinea 43 % 90,030 174,930 63,805 46 % 124,296 186,109 94,782
Guinea-Bissau 43 % 26,771 13,318 18,973 46 % 26,092 20,706 19,896
Liberia 40 % 27,477 13,978 19,473 49 % 53,601 34,774 40,873
Mali 58 % 419,760 429,367 297,487 55 % 417,047 383,615 318,019

(continued)
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Table 15.6 (continued)

Production Supply

Pi Si
� bSi eSi Pi Si

� bSi eSi

Mauritania 49 % 56,683 16,814 40,172 46 % 111,038 49,237 84,672

Niger 37 % 779,525 360,017 552,456 37 % 681,052 350,313 519,335

Nigeria 43 % 1,786,527 1,674,944 1,266,127 43 % 2,167,705 1,943,323 1,652,981

Senegal 49 % 477,554 100,173 338,447 52 % 308,029 204,087 234,887

Sierra Leone 37 % 128,728 62,996 91,231 46 % 149,723 73,652 114,171

Togo 43 % 95,910 87,226 67,972 40 % 117,762 94,081 89,800

Region 100 % 5,816,099 4,122,000 4,122,000 100 % 6,185,480 4,716,730 4,716,730

Source: Author’s computation based on USDA (2014). Note: Stock levels in mt; Pi is the probability
of intervention when production and supply are below the target consumption (99 %). Si

�,bSi,eSi are
stocks without cooperation and with equal and relative contributions

Table 15.7 Optimal stock levels in 2014 for target consumption of 97 %

Production Supply

Pi Si
� bSi eSi Pi Si

� bSi eSi

Benin 34 % 120,218 93,057 79,668 37 % 127,936 96,089 91,907

Burkina Faso 34 % 546,502 285,182 362,163 37 % 500,825 265,358 359,785

Cameroon 29 % 189,018 183,483 125,260 17 % 170,363 212,702 122,386

Cape Verde 49 % 7836 406 5193 40 % 14,800 1285 10,632

Chad 43 % 334,871 108,411 221,916 40 % 317,808 106,554 228,308

Cote d’Ivoire 23 % 106,025 75,746 70,262 31 % 139,631 141,438 100,309

Gambia, The 37 % 74,719 13,043 49,515 54 % 41,486 17,523 29,803

Ghana 37 % 317,677 161,000 210,522 34 % 422,149 198,605 303,265

Guinea 34 % 74,009 135,498 49,045 31 % 87,947 140,519 63,179

Guinea-Bissau 34 % 24,150 10,316 16,004 40 % 23,423 15,634 16,827

Liberia 40 % 23,892 10,827 15,833 37 % 48,902 26,255 35,130

Mali 46 % 309,623 332,581 205,185 49 % 303,936 289,642 218,342

Mauritania 49 % 53,175 13,024 35,238 37 % 101,159 37,175 72,671

Niger 34 % 693,576 278,864 459,627 34 % 585,455 264,498 420,581

Nigeria 34 % 1,285,869 1,297,387 852,134 34 % 1,572,822 1,467,271 1,129,890

Senegal 43 % 453,584 77,593 300,586 43 % 258,230 154,092 185,508

Sierra Leone 34 % 117,360 48,796 77,773 40 % 134,597 55,609 96,692

Togo 31 % 85,791 67,564 56,853 29 % 105,888 71,035 76,069

Region 100 % 4,817,894 3,193,000 3,193,000 97 % 4,957,355 3,561,283 3,561,283

Source: Author’s computation based on USDA (2014). Note: Stock levels in mt; Pi is the probability
of intervention when production and supply are below the target consumption (99 %). Si

�,bSi,eSi

are stocks without cooperation and with equal and relative contributions
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Table 15.8 Optimal stock levels in 2014 for target consumption of 90 %

Production Supply
Pi Si

� bSi eSi Pi Si
� bSi eSi

Benin 11 % 49,479 31,300 20,578 11 % 42,379 17,315 15,755
Burkina Faso 23 % 271,876 95,923 113,071 20 % 203,667 47,818 75,717
Cameroon 9 % 101,408 61,716 42,175 9 % 94,852 38,329 35,263
Cape Verde 34 % 6910 137 2874 34 % 12,505 231 4649
Chad 23 % 218,190 36,465 90,743 23 % 180,347 19,201 67,048
Cote d’Ivoire 6 % 30,755 25,478 12,791 3 % 35,635 25,487 13,248
Gambia, The 29 % 59,007 4387 24,540 31 % 22,209 3158 8257
Ghana 14 % 257,176 54,153 106,957 11 % 228,592 35,789 84,984
Guinea 6 % 17,936 45,576 7460 6 % 10,864 25,322 4039
Guinea-Bissau 17 % 14,974 3470 6227 14 % 14,084 2817 5236
Liberia 26 % 15,564 3642 6473 23 % 32,455 4731 12,066
Mali 11 % 110,280 111,866 45,864 14 % 78,210 52,194 29,076
Mauritania 37 % 40,894 4381 17,007 17 % 66,580 6699 24,753
Niger 20 % 392,751 93,798 163,341 20 % 345,241 47,663 128,351
Nigeria 3 % 497,369 436,384 206,851 9 % 128,646 264,404 47,827
Senegal 29 % 369,686 26,099 153,749 9 % 83,935 27,768 31,205
Sierra Leone 23 % 77,571 16,413 32,261 20 % 81,657 10,021 30,358
Togo 14 % 50,373 22,726 20,950 11 % 64,329 12,800 23,916
Region 89 % 2,582,200 1,074,000 1,074,000 89 % 1,726,187 641,747 641,747

Source: Author’s computation based on USDA (2014). Note: Stock levels in mt; Pi is the probability
of intervention when production and supply are below the target consumption (99 %). Si

�,bSi,eSi

are stocks without cooperation and with equal and relative contributions
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16Regional Trade and Volatility in Staple Food
Markets in Africa

Ousmane Badiane and Sunday Odjo

16.1 Introduction

Recent studies have indicated that Africa as a whole and a number of individual
countries have exhibited relatively strong trade performance in the global market
(Bouët et al. 2014) as well as in continental and major regional markets (Badiane
et al. 2014). The increased competitiveness has generally translated into higher
shares of regional markets in total exports by the different groupings. Faster growth
in demand in continental and regional markets compared to the global market has
also boosted the export performance of African countries. For instance, during the
second half of the last decade, Africa’s share of the global export market has risen
sharply, in relative terms, for all goods and agricultural products in value terms,
from 0.05 to 0.21 % and from 0.15 to 0.34 %, respectively. This is in line with the
stronger competitive position of African exporters mentioned earlier.

By promoting competition and specialization in production, regional trade–
similar to global trade–can contribute to food security through its impact on
long-term output and productivity growth. At the same time, it can positively affect
employment and incomes. Where these effects are positive, trade increases the
availability of food and improves the accessibility of food to affected segments of
the population. Trade also helps reduce the unit cost of supplying food to local
markets, thereby lowering food prices or reducing the pace of food price increase,
which in turn improves the affordability of food. Finally, trade can also help stabilize
supplies in domestic food markets and reduce the associated risks to vulnerable
groups.

All of the above-mentioned benefits can be obtained, perhaps to a larger extent,
through trading with the rest of the world. For instance, one could question why a
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given country should pursue an expansion of regional trade as opposed to global
trade in general for stabilizing domestic food supplies, given that world production
can be expected to be more stable than regional production. Several factors, such as
transport costs, foreign exchange availability, responsiveness of the import sector,
and dietary preferences, may provide valid economic justification for a country’s
efforts to boost regional trade as part of a wider supply stabilization strategy that
would also include increased trade with extra-regional markets. Regional and global
trade should therefore be seen as complementary rather than as substitutes.

The increase in intra-African and intra-regional trade, and the rising role of
continental and regional markets as major destinations of agricultural exports by
African countries suggest that cross-border trade flows will exert greater influence
on the level and stability of domestic food supplies. The more countries find ways
to accelerate the pace of intra-trade growth, the larger that influence is expected to
be in the future. The current chapter examines the future outlook for intra-regional
trade expansion and the implications for volatility of regional food markets. The
chapter starts with an analysis of the potential of regional trade to contribute to
stabilizing food markets, followed by an assessment of the scope for cross-border
trade expansion. A regional trade simulation model is then developed and used
to simulate alternative scenarios to boost trade and reduce volatility in regional
markets.

16.2 Regional Potential for the Stabilization of Domestic Food
Markets Through Trade

Variability of domestic production is a major contributor to local food price
instability in low income countries. The causes of production variability are such
that an entire region is less likely to be affected than individual countries. Moreover,
fluctuations in national production tend to partially offset each other, so that such
fluctuations are less than perfectly correlated. Food production can be expected
to be more stable at regional level than at country level. In this case, expanding
cross-border trade and allowing greater integration of domestic food markets would
reduce supply volatility and price instability in these markets. Integrating regional
markets through increased trade raises the capacity of domestic markets to absorb
local price risks by: (1) enlarging the area of production and consumption and thus
increasing the volume of demand and supply that can be adjusted to respond to
and dampen the effects of shocks; (2) providing incentives to invest in marketing
services and expand capacities and activities in the marketing sector, which raises
the capacity of the private sector to respond to future shocks; and (3) lowering the
size of needed carryover stocks, thereby reducing the cost of supplying markets
during periods of shortage and hence decreasing the likely amplitude of price
variation.

A simple comparison of the cereal production variability in individual countries
against the regional average is carried out to illustrate the potential for local market
stabilization through greater market integration (Badiane 1988). For that purpose, a
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trend-corrected coefficient of variation is used as a measure of production variability
at both country and regional levels. We then use a normalization procedure whereby
the value of the coefficient for each country is divided by the value of the coefficient
for the corresponding region. Calculations are carried out for each of the three
regional economic groupings (as mentioned above), and the results are presented
in Table 16.6 in the annex and plotted in Fig. 16.1a–c below. The bars in the
figures represent the normalized coefficients of variation, which indicate how much
more (when normalized coefficient are greater than 1) or less (when normalized
coefficient are less than 1) volatile a country’s production is when compared with
production at the level of their respective region.

Of the three regions, SADC has the highest level of aggregate volatility with a
coefficient of variation of 18.58 or more than two and three times that of ECOWAS
and COMESA, respectively. For the vast majority of countries, national production
volatility is considerably larger than regional level volatility. The only exceptions
are the Democratic Republic of Congo (DRC) in SADC and to a lesser extent
Côte d’Ivoire in ECOWAS. None of the COMESA countries has a more stable
production than the regional aggregate. The COMESA countries can be divided into
two subgroups: (1) a relatively low volatility subgroup with normalized coefficients
of less than twice the regional average, including Burundi, Comoros, DRC, Egypt,
and Uganda and (2) a high volatility regional subgroup with volatility levels that
are at least five times higher than the regional level, comprising Malawi, Mauritius,1

Rwanda, Sudan, Swaziland, Zambia, and Zimbabwe. Kenya and Madagascar both
have moderate levels of volatility and fall between the two groups. Most countries
in SADC and ECOWAS are in the moderate regional category, with only Botswana
and Mauritius (in SADC), and Gambia, Liberia, Mali, and Senegal (in ECOWAS)
showing volatility levels more than three times higher than the respective regional
levels. The countries in the moderate- and high-volatility subgroups would benefit
the most from increased regional trade in terms of greater stability of domestic
supplies.

The likelihood that a given country would benefit from the trade stabilization
potential, as suggested by the difference between its volatility level and the regional
average, will be greater if its production fluctuates more and is weakly correlated
with that of the other countries in the region. Figure 16.2 presents the distribution
of correlation coefficients between individual country’s production levels for each
regional group. For each country, the lower segment of the bar shows the percentage
of correlation coefficients that are 0.65 or less or the share of countries with
production fluctuations that are defined as relatively weakly correlated with the
country’s own production movements. The top segment represents the share of
countries with highly correlated production fluctuations, with coefficients that are
higher than 0.75. The middle segment is the share of moderately correlated country
productions, with coefficients that are between 0.65 and 0.75.

1Mauritius has a coefficient that is more than 18 times the regional average and is not shown in the
figure for clarity.
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Fig. 16.1 (a) COMESA cereal production instability, 1980–2010. (b) ECOWAS cereal produc-
tion instability. (c) SADC cereal production instability. Source: Authors’ calculation. All graphs
based on FAOSTAT 2014 data from 1980 to 2010

Using the above criteria, countries in the most volatile region, SADC, have the
highest concentration of weakly correlated country production levels. As shown
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Fig. 16.2 (a) Distribution of correlation coefficients, COMESA. (b) Distribution of correlation
coefficients, ECOWAS. (c) Distribution of correlation coefficients, SADC. Source: Authors’
calculation. All graphs based on FAOSTAT 2014 data from 1980 to 2010

in Fig. 16.2c, only three countries have less than an 80 % share of correlation
coefficients below 0.65. The combination of high volatility and weak correlation
suggests that countries in this region would benefit the most from increased regional
trade in terms of domestic market stabilization. They are followed by COMESA
countries, where 60 % of the correlation coefficients for any given country are
below 0.65. In contrast, country-level production levels in the ECOWAS region
tend to fluctuate more together than the other two regions, as shown by the high
share of coefficients above 0.75. The division of the region into two nearly uniform
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subregions, Sahelian and coastal, may be an explanation. In general, however, the
patterns and distribution of production fluctuations among countries in all the three
regions are such that increased trade could be expected to have a stabilizing effect
on domestic agricultural and food markets. But that is only one condition; the other
is that there is actual potential to increase cross-border trade, a question that will be
examined in the next section.

16.3 The Scope for Specialization and Regional Trade
Expansion in Agriculture

Despite the recent upward trends, the level of intra-African and intra-regional trade
is still very low compared with other regions. Intra-African markets accounted only
for an average 34 % of the total agricultural exports from African countries between
2007 and 2011 (Badiane et al. 2014). Among the three RECs, SADC had the highest
share of intra-regional trade (42 %), and ECOWAS the lowest (6 %). COMESA’s
share of intra-regional trade was 20 %. Although SADC is doing much better than
the other two RECs, its member countries still account for far less than half of the
value of agricultural trade within the region (Badiane et al. 2014).

There may be a host of factors behind the low levels of intra-regional trade. These
factors may not only make trading with extra-regional partners more attractive,
but they may also raise the cost of supplying regional markets from intra-regional
sources. The exploitation of the regional stabilization potential, as pointed out
above, would require measures to lower the barriers to and the bias against
transborder trade such as to stimulate the expansion of regional supply capacities
and of trade flows across borders. This supposes that there is sufficient scope for
specialization in production and trade within the subregions. Often, it is assumed
that neighboring developing countries would exhibit similar production and trading
patterns because of the similarities in their resource bases, leaving little room
for future specialization. There are, however, several factors that may lead to
different specialization patterns among such countries. These factors include (1)
differences in historical technological investments and thus the level and structure
of accumulated production capacities and skills; (2) the economic distance to, and
opportunity to trade with, distant markets; and (3) differences in dietary patterns
as well as consumer preferences that affect the structure of local production. The
different patterns of specialization in Senegal compared with the rest of Sahelian
West Africa and in Kenya compared with other Eastern African countries well
illustrate the influence of these factors.

Consequently, we use a series of indicators to assess the actual degree of spe-
cialization in agricultural production and trade, and whether there is real scope for
transborder trade expansion as a strategy to exploit the less-than-perfect correlation
between national productions to reduce the vulnerability of domestic food markets
to shocks. The first two indicators are the production and export similarity indices,
which measure and rank the relative importance of the production and trading of
individual agricultural products in every country. The level of importance or position
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of each product is then compared for all relevant pairs of countries within each
subregion.2 The indices have a maximum value of 100; an index value of 100
implies that the production or trade patterns between the considered pair of countries
are completely similar. The closer the index value is to zero, the greater the degree of
specialization between the two countries. Index values of around 50 and below are
interpreted as indicating patterns of specialization that are compatible with higher
degrees of trade expansion. The estimated indicator values for the three regional
groupings, covering 150 products in total, are presented in Fig. 16.3a, b. Each bar
represents the number of country pairs that falls within the corresponding range
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Fig. 16.3 (a) Similarity of production patterns, 2007–2011. Source: Authors’ calculations based
on data from FAOSTAT 2014. (b) Similarity of trading patterns, 2007–2011. Source: Authors’
calculations based on data from FAOSTAT 2014

2See Koester (1986).
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of index values. The vast majority of country pairs fall within the 0–50 range. A
value of less than 60 is conventionally interpreted as compatible with higher trade
exchange between the considered pair of countries. The estimated index values
therefore suggest that there exists sufficient dissimilarity in the current production
and trading patterns between countries and hence a scope for transborder trade
expansion in all three subregions.

The third indicator, the revealed comparative advantage (RCA) index, is com-
puted to further assess the degree of trade specialization among countries within
the three regions. The RCA index compares the share of a given product in a given
country’s export basket with that of the same product in total world exports. A value
greater than 1 indicates that the considered country is performing better than the
world average; the higher the value is, the stronger the country’s performance in
exporting the considered product. Of the nearly 600 RCA indicators estimated for
various products exported by different COMESA countries, 70 % have an index
value higher than 1. ECOWAS and SADC each have a total of about 450 indicators.
The share of indicators higher than 1 is about the same as in the case of COMESA:
68 % for SADC and 73 % for ECOWAS. For each regional grouping, the 20 products
with the highest normalized RCA index value are presented in Table 16.1. The
normalized RCA is positive for RCA indicators that are greater than 1 and negative
otherwise.3 For very high RCA indicators, the normalized value tends toward 1.

All the products listed in the table have normalized RCA values above 0.98.
The rankings reflect the degree of cross-country specialization within each REC. In
ECOWAS, for instance, a total of 12 products, spread across 8 out of 15 member
countries, account for the highest 20 indicators for the region. There are 13 products
in that category in the case of COMESA, and these products come from 9 out of
19 countries. SADC has the highest number of products in that category, a total of
14, but they come from only 5 out of 15 countries. The table also illustrates the
difference in degree of specialization between the three major regions. Only two of
the top ranking products (carded and combed cotton, and cashew nuts in shell) are
common to the ECOWAS and SADC regions. Even between COMESA and SADC,
only six of the top ranking products are common to the two regions, while there
are no common top ranking products between COMESA and ECOWAS. A fuller
appreciation of the degree of specialization across all countries in the three regions
is best obtained by looking at the RCA values for the entire set of products and
countries. For instance, if countries have similar patterns of specialization, the same
products would tend to rank equally high and the values of the RCA indicator for the
same product would not vary significantly across countries. Similarly, if countries
have similar patterns of specialization, exports would be concentrated around a
few products, with substantial variation of the indicator value across products. An
analysis of the variance of the RCA index is, therefore, carried out to test for
either of the above-mentioned possibilities. The results of the analysis, presented in
Table 16.2, show that for the entire sample of African countries, nearly two-thirds

3The formula for the normalized RCA is (RCA � 1)/(RCA C 1).
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Table 16.2 Estimation of RCA variability across countries and products

Source of variance
Sequential
sum of square Mean squared F P-value

Share of variation
explained

Model 1489.66 6.03 46.63 0.00 72:86 %
Country 936.94 23.42 181.09 0.00 45:82 %
Commodity 552.44 2.68 20.73 0.00 27:02 %
Year 0.28 0.28 2.19 0.14 0:01 %

Residual 555.03 0.129 27:14 %
Total 2044.69 0.45
Number of obs. 4539 R2 0.73 R2 adj 0.71

Note: The mean square (partial sum of squares/degrees of freedom) is used to compute the
F-statistic and determine the significant amounts of variation. This ANOVA is without interaction
terms due to the missing values from the unbalanced nature of the data. The time factor is included

(63 %) of the total variation of the RCA index among countries and commodities is
accounted for by country-to-country variation. The balance of variation is explained
by variation across products. The RCA index, like the previous two indicators, thus
confirms the existence of dissimilar patterns of trade specialization in agricultural
products.

So far, the analysis has established the existence of dissimilar patterns of
specialization in production and trade of agricultural products among countries
within and across the three major regions. Two final indicators, the Trade Overlap
Indicator (TOI) and the Trade Expansion Indicator (TEI), are calculated to examine
the potential to expand trade within the three blocks of countries based on current
trade patterns.

The indicators measure how much of the same product a given country or region
exports and imports at the same time. The TOI measures the overall degree of
overlapping trade flows for a country or region as a whole, while the TEI measures
the overlapping trade flows at the individual product level for a country or region.
The results are presented in Fig. 16.4 and Table 16.3. The results indicate that there
is a considerable degree of overlapping trade flows: 25 % for Africa as a whole and
as much as 40 % for the SADC region. Normalized TOI values, obtained by dividing
country TOI values by the TOI value, for the respective regions can be found in
Badiane et al. (2014). In the vast majority of cases, they are significantly less than 1.
The overlapping regional trade must therefore be taking place between different
importing and exporting countries. In other words, some countries are exporting
(importing) the same products that are being imported (exported) by other member
countries in their respective grouping, but in both cases to and from countries outside
the region. By redirecting such flows, countries should be able to expand transborder
trade within their groupings.

The TEI indicates which products have the highest potential for increased
transborder trade based on the degree of overlapping trade flows. Table 16.3 lists
the 20 products with the highest TEI value for each of the three regions. The lowest
TEI value for any of the products across the three regions is 0.41. RCA values
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Fig. 16.4 Trade overlap indicators, average 2007–2011. Source: Authors’ calculations based on
FAOSTAT 2014

for the same products presented in Badiane et al. (2014) are all greater than 1,
except for only three products: fresh fruits in ECOWAS, bananas in COMESA, and
chocolate products in SADC. The fact that products with high TEI also have high
RCA indicator values point to a real scope for transborder trade expansion in all
three subregions.

The findings above indicate a real potential to expand intra-trade in all three
regions beyond the levels shown in Table 16.1, even with current production and
trade patterns. The remainder of the chapter therefore analyzes the outlook for intra-
trade expansion and the expected impact of volatility of regional food markets over
the next 15 years. This is done by simulating alternative policy scenarios to boost
intra-regional trade and by comparing the resulting effect on the level and volatility
of trade flows up to 2025 with outcomes simulated under a baseline scenario that
assumes continuation of historical trends.
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16.4 The Outlook for Regional Cross-Border Trade andMarket
Volatility Under Alternative Scenarios

The preceding analysis presents evidence that African countries could use increased
regional trade to enhance the resilience of domestic markets to supply shocks. The
high cost of moving goods across domestic and transborder markets and outwardly
biased trading infrastructure are major determinants of the level and direction of
trade among African countries. A strategy to exploit the regional stabilization
potential therefore has to include measures to lower the general cost of trading and
remove additional barriers to cross-border trade. This section simulates the impact
of such changes on regional trade flows, using IFPRI’s regional Economy-wide
Multimarket Model (EMM) described below.4

16.4.1 The Regional Trade Simulation Model

In this study, the original EMM was modified to differentiate between intra- and
extra-regional trade sources and destinations and between informal and formal trade
costs in intra-regional trade transactions. In its original version, the EMM solves for
optimal levels of supply QXr c, demand QDr c and net trade (either import QMr c or
export QEr c) of different commodities c for individual member countries r of the
modeled region.

Supply and demand balance at the national level determines domestic output
prices PXr c as stated by Eq. (16.1), while Eq. (16.2) connects domestic market
prices PDr c to domestic output prices, taking into account an exogenous domestic
marketing margin margDr c. The net trade of a commodity in a country is determined
through mixed complementarity relationships between producer prices and potential
export quantities and between consumer prices and potential import quantities.
Accordingly, Eq. (16.3) ensures that a country will not export a commodity
(QEr;c D 0) as long as the producer price of that commodity is higher than its export
parity price, where pwer c is the country’s FOB price and margWr c is an exogenous
trade margin accounting for the cost of moving the commodity to and from the
border. If the domestic market balance constraint in Eq. (16.1) requires that the
country exports some excess supply of a commodity (QEr;c > 0), then the producer
price will be equal to the export parity price of that commodity. Additionally, Eq.
(16.4) governs any country’s possibility to import a commodity, where pwmr c is its
CIF price. There will be no import (QMr;c D 0) as long as the import parity price
of a commodity is higher than its domestic consumer price. The domestic market
balance constraint requires that, if a country has to import a commodity to meet a
given excess demand (QMr;c > 0), then the domestic consumer price will be equal
to the import parity price of that commodity.

4See Diao et al. (2007) and Nin-Pratt et al. (2011).
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QXr c C QMr c � QEr c D QDr c (16.1)

PXr c � .1C margDr c/ D PDr c (16.2)

PXr c � pwer c � .1 � margWr c/ ? QEr;c � 0 (16.3)

pwmr c � .1C margWr c/ � PDr c ? QMr;c � 0 (16.4)

In the version of the EMM used in this study, the net export of any commodity
is modeled as an aggregate of two output varieties differentiated by their market
outlets (regional and extra-regional) while assuming an imperfect transformability
between the two export varieties. Similarly, the net import of any commodity is
modeled as a composite of two varieties differentiated by their origins (regional and
extra-regional) while assuming an imperfect substitutability between the two import
varieties.

In order to implement export differentiation by destination, the mixed com-
plementarity relationship in Eq. (16.3) is replaced with two new equations which
specify the price conditions for export to be possible to both destinations. Equation
(16.5) indicates that for export to extra-regional market outlets to take place
(QEZr c > 0), suppliers should be willing to accept a price PEZr c that is not
greater than the export parity price when exporting to that destination. Similarly,
Eq. (16.6) ensures that exporting to within-region market outlets is possible
(QERr c > 0) only if suppliers are willing to receive a price PERr c that is not
more than the regional market clearing price PRc adjusted downward to account
for exogenous regional trade margins margRr c incurred in moving the commodity
from the farm gate to regional market (see Eq. (16.17) below for the determination
of PRc).

PEZr c � pwer c � .1 � margWr c/ ? QEZr c � 0 (16.5)

PERr c � PRc � .1 � margRr c/ ? QERr c � 0 (16.6)

Subject to these price conditions, Eqs. (16.7)–(16.10) determine the aggregate
export quantity and its optimal allocation to alternative destinations. Equation (16.7)
indicates that the aggregate export of a commodity by individual countries QEr c

is obtained through a constant elasticity of transformation (CET) function of the
quantity QEZr c exported to extra-regional market outlets and the quantity QERr c

exported to intra-regional market outlets, where �e
r c, ıe

r c; and ˛e
r c are the CET func-

tion exponent, share parameter, and shift parameter, respectively. Equation (16.8)
is the first-order condition of an aggregate export revenue maximization problem,
given the prices that suppliers can receive for the different export destinations
and subject to the CET export aggregation function. The equation indicates that
an increase in the ratio of intra-regional to extra-regional prices will increase the
ratio of intra-regional to extra-regional export quantities (i.e., exports shift toward
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destinations which offer higher returns). Equation (16.9) helps identify the optimal
quantities supplied to each destination; it states that aggregate export revenue at
producer price of export PEr c is the sum of export sales revenues from both intra-
regional and extra-regional market outlets at supplier prices, while Eq. (16.10) sets
the producer price of export to be the same as the domestic output price PXr c,
which is determined by the supply and demand balance equation (Eq. 16.1) as earlier
explained.

QEr c D ˛e
r c �

�
ıe

r c � QER�
e
r c

r c C �
1 � ıe

r c

� � QEZ�
e
r c

r c

� 1
�e

r c (16.7)

QERr c

QEZr c
D
�

PERr c

PEZr c
� 1 � ıe

r c

ıe
r c

� 1
�e

r c�1

(16.8)

PEr c � QEr c D PERr c � QERr c C PEZr c � QEZr c (16.9)

PEr c D PXr c (16.10)

Import differentiation by origin is implemented by following the same procedure
for export differentiation by destination, as described above. Equation (16.4) is
replaced by Eqs. (16.11) and (16.12). Accordingly, import from extra-regional
origins will happen (QMZr;c > 0) only if domestic consumers are willing to pay
a price PMZr c that is not smaller than the import parity price for the extra-regional
variety. Furthermore, import from intra-regional origins is possible (QMRr;c > 0)
only if domestic consumers are willing to pay at a price PMRr c that is not
smaller than the regional market clearing price PRc adjusted upward to account
for exogenous regional trade margins margRr c incurred in moving the commodity
from the regional market to consumers.

pwmr c � .1C margWr c/ � PMZr c ? QMZr;c � 0 (16.11)

PRr � .1C margRr c/ � PMRr c ? QMRr c � 0 (16.12)

Under these price conditions, Eq. (16.13) represents aggregate import quantity
QMr c as a composite of intra- and extra-regional import variety quantities QMRr c

and QMZr c, respectively, using a constant elasticity of substitution (CES) function;
in the equation, the terms �m

r c, ım
r c, and ˛m

r c stand for the CES function exponent,
share parameter, and shift parameter, respectively. The optimal mix of the two
varieties is defined by Eq. (16.14), which is the first-order condition of an aggregate
import cost minimization problem, subject to the CES aggregation (Eq. 16.13) and
given import prices from both origins. An increase in the ratio of extra-regional to
intra-regional import prices will increase the ratio of intra-regional to extra-regional
import quantities (i.e., imports shift away from more expensive sources). Equation
(16.15) identifies the specific quantities imported from each origin. It defines the
total import cost at consumer price of import PMr c as the sum of intra-regional and



400 O. Badiane and S. Odjo

extra-regional import costs, while Eq. (16.16) sets the consumer price of import to
be the same as the domestic market price PDr c, which is determined by Eqs. (16.1)
and (16.2), as earlier explained

QMr c D ˛m
r c �

�
ım

r c � QMR��m
r c

r c C �
1 � ım

r c

� � QMZ��m
r c

r c

�� 1
�m

r c (16.13)

QMRr c

QMZr c
D
�

PMZr c

PMRr c
� ım

r c

1 � ım
r c

� 1
1C�m

r c
(16.14)

PMr c � QMr c D PMRr c � QMRr c C PMZr c � QMZr c (16.15)

PMr c D PDr c (16.16)

After determining export quantities and prices by destination, and import quantities
and prices by origin, the regional market clearing price PRc can now be solved.
Equation (16.17) imposes the regional market balance constraint by equating the
sum of intra-regional export supplies to the sum of intra-regional import demands,
with qdstkc standing for discrepancies existing in observed aggregate intra-regional
export and import quantity data in the model’s base year. Thus, PRc is the price that
ensures regional market balance.

X

r
QERr c D

X

r
QMRr c C qdstkc (16.17)

The model is calibrated separately for each of the three RECs. Calibration is
performed such that for every member country within each REC, the same
production, consumption, and net trade data are replicated as observed for different
agricultural subsectors and two nonagricultural subsectors in 2007–2008. Baseline
trend scenarios are then constructed such that until 2025, changes in crop yields,
cultivated areas, outputs, and GDP reflect the same observed changes. Table 16.6 in
the annex compares the calibrated agricultural and economy-wide GDP growth rates
under the baseline scenario with the observed rates in the recent years. Although
the model is calibrated to the state of national economies 7 years earlier, it closely
reproduces the countries’ current growth performances.

Four different scenarios are simulated using the EMM. The first is the baseline
scenario described above, which assumes a continuation of current trends up to
2025. It is used later as a reference to evaluate the impact of the changes under
the remaining three scenarios. The latter scenarios introduce the following three
different sets of changes to examine their impacts on regional trade levels: a
reduction of 10 % in the overall cost of trading in every country; removal of all cross-
border trade barriers–that is, a reduction of their tariff equivalent to zero; and a 10 %
yield increase across the board. These changes are modeled to take place between
2008 (the base year) and 2025. The change in cross-border exports is used as an
indicator of the impact on intra-regional trade. In the original data, there are large
discrepancies between recorded regional exports and import levels, the value of the
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latter often being multiples of the former. The more conservative export figures are
therefore the preferred indicator of intra-regional trade.

16.4.2 Intra-trade Simulation Results

The results for the different regions are presented in Figs. 16.5 and 16.6. Figure 16.5
presents the results of the baseline scenarios for the three regions from 2008 to 2025.
Assuming the current trends to continue, intra-regional trade in both ECOWAS and
SADC is expected to expand rapidly but with marked differences between crops.
The aggregate volume of intra-regional trade in staples would approach 3 million
tons in the case of ECOWAS and about half of that amount in the case of SADC if
the growth rates in yields, cultivated areas, and nonagricultural income sustained at
their current level until 2025. Cereals would see the smallest gains, while trade in
roots and tubers as well as other food crops would experience much faster growth
in the case of ECOWAS. This is in line with the current structure of and trends in
commodity demand and trade. While the increase in demand for roots and tubers
is being met almost exclusively using local sources, the fast growing demand for
cereals is heavily tilted toward rice, which is supplied from outside the region. The
two leading cereals that are traded regionally, maize and millet, therefore benefit less
from the expansion of regional demand and have historically seen slower growth in
trade than roots and tubers. In the case of SADC, the rise of Angola as a main
exporter of roots and tubers starting in 2013 is a main factor in explaining the strong
boost in regional trade of that commodity. Zimbabwe had been the sole exporter of
roots and tubers before 2013 and exported only very modest quantities. Hence, the
high rates of growth of overall regional exports can be attributed to the developments
in Angola.

The story is a bit different in the case of COMESA. As was already made appar-
ent by the market share analysis earlier, the COMESA regional market has been
the least dynamic of the three regional markets and the only one associated with a
negative market effect. COMESA is the only region where the member countries
have experienced a decline in competitiveness as a whole. The underwhelming
performance is reflected in the baseline scenario. If current trends were to continue,
the levels of intra-regional trade would continue to stagnate, except in the case of
cereals. And even for this group of products, the decline in trade volumes would be
reversed, but the reversal would not be enough to bring the trade volumes back to
their initial levels. The projected evolution of the trade in cereals reflects different
country dynamics and a shift in the sources of regional exports. The fall in regional
trade levels at the beginning of the period is a result of a continual decline in exports
from the two main traditional suppliers Egypt and Malawi. At the same time, the
faster growth in several other countries, particularly Tanzania and Ethiopia, results
in rising exports from these countries, starting from 2011 for Tanzania and from
2019 for Ethiopia. The result is a U-shaped pattern in COMESA cereals exports: the
declining exports in some countries are eventually offset by the increasing imports
in other countries. The graphs in Fig. 16.6 show the cumulated changes in intra-
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Fig. 16.5 Regional exports outlook, baseline. Source: Authors’ calculation
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regional export levels by 2025 compared with the baseline results; the changes are
the result of a reduction in total trading cost, removal of transborder trade barriers,
and a yield increase. The bars represent the percentage changes, and the numbers
above the bars indicate the corresponding absolute changes in 1000 metric tons.
The results show that intra-regional trade invariably increases by a considerable
margin for cereals and roots and tubers (the main food crops) in response to changes
in trading costs and yields. Intra-community trade levels in ECOWAS climb by
between 10 and 35 % for most products over the entire period. By 2025, when
compared to baseline trends, the volume of cereal trade increases by a cumulative
total of between 200,000 and 300,000 mt for individual products and the volume of
overall staple trade by between 1.5 and 4.0 million tons. Cereals seem to respond
better than other products in general. It also appears that removing transborder trade
barriers would have the strongest impact of trade flows across the board.

The COMESA region shows similar increases in overall trade in staples. Cereals
trade tends to be proportionally less responsive but because of its initial higher
levels, the cumulative additional volume of regional trade is much higher, ranging
from 0.7 million to more than 3.0 million tons above the baseline. Also, in contrast to
ECOWAS, intra-regional trade in COMESA seems to be more responsive to changes
in overall trading costs and yields than to changes in cross-border barriers. This
may be explained by the fact that equivalent tariffs constitute a smaller fraction
of producer prices, and hence changes in barriers result in smaller changes in
incentives. Trade in the SADC region also seems to respond more to changes in
transborder trade barriers and yields, as in the case of ECOWAS. A 10 % increase
in yields would raise trade in staples by a cumulative volume of slightly more than
3.0 million tons by 2025 compared to the baseline scenario.

16.4.3 Regional Market Volatility Under Alternative Policy
Scenarios

Under each scenario, the model-simulated quantities of intra-regional exports
QERr c are used to estimate an index of future export volatility at country and
regional level as follows: First, a trend-corrected coefficient of variation TCV is
calculated for each country, using the following formula as in Cuddy and Della
Valle (1978):

TCV D CV �
r�

1 � R2
�

(16.18)

where CV is the coefficient of variation and R2 is the adjusted coefficient of
determination of the linear trend regression obtained using the time series of
aggregate quantities of intraregional exports of all staple food crops from 2008 to
2025.
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Second, an index of regional volatility TCVREC is derived for each REC as a
weighted average of trend-corrected coefficients of variation of its member countries
with the formula

TCV2
REC D

Xn

i
s2i � TCV2

i C 2
Xn

i

Xn

j
si � sj � vij � TCVi � TCVj (16.19)

where TCVi and TCVj are the trend-corrected coefficients of variation in aggregate
exports of staple food crops in countries i and j, n is the number of member
countries in the REC, si and sj are the shares of countries i and j in the region’s
overall intra-regional exports of staple food crops, and vij is the coefficient of
correlation between aggregate exports of countries i and j. Finally, the coefficients of
variation at country level are normalized by dividing them by the respective regional
coefficients.

The historical and simulated levels of cross-border trade volatility of food staples
in the various regions are reported in Table 16.4. The volatility levels simulated
under historical trends are calculated based on the TradeMaps database.5 Table 16.5
shows the comparison of the simulated volatility levels under the various alternative
scenarios with historical volatility levels, with the difference expressed in absolute
point changes. The figures in the two tables show that volatility levels are lower
under nearly all scenarios than under historical trends. The only exception is in
the case of ECOWAS, where regional cross-border trade volatility decreases with
a reduction of overall trading costs, but it rises when cross-border trade barriers

Table 16.4 Regional cross-border trade volatility under various scenarios

Historical
trend
(1996–2012)

Baseline
trend
(2008–2025)

10 %
reduction in
trade costs
(2008–2025)

Removal of
cross-border
trade barriers
(2008–2025)

10 % increase
in crop yields
(2008–2025)

ECOWAS 0.345 0.33 0.323 0.354 0.378
COMESA 0.682 0.55 0.505 0.551 0.449
SADC 0.73 0.126 0.131 0.173 0.151

Source: Authors calculations from TradeMaps database and EMM model simulation results

5In the SADC case, baseline and historical trends of the trade volatility deviate a lot. The main
explanation is that, unlike traditional CGE models where countries are exporters or importers
from the beginning and remain as such for the length of the simulation period, our model allows
countries to enter or exit the regional export market based on relative prices. Therefore, we have
used historical production as opposed to trade data to calibrate the model, given that not all
countries have historical trade data. The baseline volatility of trade flows is therefore not a result of
calibration but rather derives from the calibrated baseline production and its induced trade flows.
The SADC region, unlike other regions, has undergone a major structural change in terms of the
composition and source of production and thus trade of agricultural products, with Angola, a new
player, emerging as the most important trading partner and roots and tubers as the single most
important traded agricultural commodity. The projected overwhelming dominance of the more
stable Angola in regional production and trade under continuation of current trends is the main
explanation of the drop in baseline export volatility.
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Table 16.5 Change in regional trade volatility under alternative scenarios (2008–2025)

Removal of

10 % reduction in cross-border trade 10 % increase in

Baseline trend trade costs barriers crop yields

Absolute point change compared to historical trend
ECOWAS �0.015 �0.022 0.009 0.033
COMESA �0.132 �0.178 �0.132 �0.234
SADC �0.604 �0.600 �0.557 �0.579

Source: Authors calculations from TradeMaps database and EMM model simulation results
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Fig. 16.7 Changes in country export shares and volatility compared to baseline trends

are removed or when yields are increased. The magnitude of changes are, however,
rather small across all three scenarios. The figures also show that when the current
trend of rising volumes of intra-regional trade continues, volatility levels in all three
regions are expected to decline compared to historical trends. A better comparison is
therefore to contrast changes that take place under the two trade policy scenarios and
the productivity (meaning increasing yields) scenario with the expected volatility
levels under the baseline scenario. Furthermore, the direction and magnitude of
changes in the level of intra-regional trade volatility are determined by the combined
effect of changes in the level of volatility as well as changes in the share of cross-
border exports in individual countries. Figure 16.7 above shows changes in volatility
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levels (x-axis) and shares of exports (y-axis) by individual countries under each
of the scenarios when compared with the baseline. The different dots indicate the
position of different countries under the three scenarios. The tilted distribution of
country positions to the left of the x-axis indicates that most countries’ exports
would experience a lower level of volatility.

The combined changes in export share and volatility for individual countries
under each of the scenarios are reported in Table 16.7 and presented in Figs. 16.8,
16.9, 16.10 in the Annex. Only countries that have historically exported are
considered. Changes in a country’s production patterns resulting from the simulated
policy actions lead to changes in both the volatility and the level of exports,and
hence the shares in regional trade of each country. The magnitude and direction of
these changes determine the contribution of individual countries to changes in the
volatility level in regional food markets.

16.5 Conclusions

The current chapter has examined the potential to use increased intra-regional
trade among Africa’s main regional economic communities as a means to raise the
resilience of domestic food markets to shocks across their member countries. The
distribution and correlation of production volatility as well as the current patterns
of specialization in the production and trade of agricultural products among African
countries suggest that it is indeed possible to raise cross-border trade to reduce the
level of instability of local food markets. The results of the baseline scenario indicate
that continuation of recent trends would sustain the expansion of intra-regional trade
flows in all three regions, particularly in the ECOWAS region. The findings also
reveal that it is possible to significantly boost the pace of regional trade expansion,
which in turn would contribute to creating more resilient domestic food markets
through modest reduction in the overall cost of trading, a similarly modest increase
in crop yields, or the removal of barriers to transborder trade. More importantly,
the simulation results also suggest that such policy actions to promote transborder
trade would reduce volatility in regional markets and help lower the vulnerability of
domestic food markets to shocks.
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Appendix

Table 16.6 GDP and agricultural growth rates under baseline and recent trends

agrGDP GDP agrGDP GDP
Baseline Trends Baseline Trends Baseline Trends Baseline Trends

Benin 5.23 4.85 4.84 5.13 Burundi 2:50 2:51 6:12 6.70
Burkina Faso 5.36 5.48 5.67 5.50 Comoros 2:75 2:75 3:26 2.60
Cape Verde 2.37 2.03 6.89 7.50 D. R. Congo 1:25 1:25 2:43 2.20
Chad 1.83 1.33 5.61 8.00 Djibouti 2:31 3:24 9:04 3.00
Cote d’Ivoire 2.74 2.21 3.95 3.69 Egypt 3:33 3:39 6:25 5.20
Gambia 4.53 3.96 7.00 7.19 Eritrea 5:26 5:36 5:60 2.90
Ghana 3.56 3.48 6.44 7.06 Ethiopia 6:51 6:52 9:08 8.20
Guinea 5.17 5.00 4.25 4.33 Kenya 2:42 2:17 2:03 3.40
Guinea Bissau 4.02 3.97 3.86 4.30 Libya 1:39 1:43 3:05 2.20
Liberia 2.55 2.00 4.02 5.09 Madagascar 1:99 1:98 3:18 3.90
Mali 3.70 3.26 5.24 6.26 Malawi 1:57 1:57 1:90 2.70
Mauritania 2.54 2.46 4.49 3.22 Mauritius 3:31 3:31 4:58 5.00
Niger 3.25 3.19 2.61 2.84 Rwanda 5:28 5:30 9:39 7.60
Nigeria 5.04 5.00 5.62 4.79 Seychelles 1:48 1:47 �1:89 2.30
Senegal 2.75 2.30 3.52 3.44 Sudan 2:50 2:45 6:40 7.20
Sierra Leone 4.94 4.83 6.08 5.67 Swaziland 1:03 1:11 2:85 2.60
Togo 2.31 1.63 4.54 6.66 Tanzania 4:64 4:65 7:60 6.00

Uganda 3:01 3:01 6:51 8.10
Zambia 1:06 0:95 3:49 6.30
Zimbabwe �0:51 �0:68 �0:85 1.00

Source: Authors’ calculations

Table 16.7 Change in volatility and share of staple exports under alternative scenarios, 2008–
2025

Change in volatility compared to
baseline (points)

Change in share compared to
baseline (% points)

10 %
reduction
in trade
cost

Removal
of cross-
border
trade
barriers

10 %
increase
in crop
yields

10 %
reduction
in trade
cost

Removal
of cross-
border
trade
barriers

10 %
increase
in crop
yields

Benin �0:073 �0:043 �0:085 2:756 �0:338 2:448

Burkina Faso �0:213 0:077 �0:027 0:398 0:545 0:530

Ivory Coast �0:126 �0:026 �0:066 �0:351 0:428 �0:843
Gambia �0:039 �0:206 �0:294 �0:047 0:026 �0:052
Ghana �0:023 �0:079 �0:088 �0:609 0:227 �0:704
Guinea 0:002 0:160 0:116 �0:144 0:095 �0:151
Guinea-Bissau 0:086 0:055 �0:082 0:009 0:005 0:016

(continued)
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Table 16.7 (continued)

Change in volatility compared to
baseline (points)

Change in share compared to
baseline (% points)

10 %
reduction
in trade
cost

Removal
of cross-
border
trade
barriers

10 %
increase
in crop
yields

10 %
reduction
in trade
cost

Removal
of cross-
border
trade
barriers

10 %
increase
in crop
yields

Liberia �0:001 0:136 0:094 �0:002 0:003 �0:002
Mali 0:031 0:057 �0:017 �3:137 0:069 �4:475
Niger 0:091 �0:129 �0:241 1:111 �1:115 3:247

Senegal 0:019 0:137 0:126 �0:020 0:014 �0:016
Sierra Leone 0:666 �0:073 �0:242 0:075 0:016 0:045

Togo 0:083 0:150 0:046 �0:038 0:026 �0:042
Egypt �0:129 �0:020 �0:102 2:315 0:701 0:360

Eritrea 0:075 0:043 0:547 �0:091 0:014 �0:203
Ethiopia 0:052 0:005 0:125 2:557 0:368 4:261

Kenya 0:006 0:081 0:041 �0:009 0:004 �0:016
Libya �0:001 0:001 �0:004 �4:669 �0:918 �7:018
Sudan 0:007 0:037 0:020 �1:456 0:453 �2:175
Angola �0:043 �0:024 �0:030 0:165 �0:210 �2:306
Botswana �0:002 0:052 �0:025 �0:003 0:001 �0:008
Congo, Dem. Rep �0:182 �1:232 �0:730 0:004 0:000 0:006

Madagascar �0:162 �1:423 �1:695 0:007 0:001 0:005

Malawi �0:107 �0:757 �0:557 0:781 �0:114 1:876

Mozambique �0:130 �1:288 6:099 0:165 0:007 0:194

South Africa �0:017 �0:166 �0:159 �1:382 0:258 �0:927
Swaziland �0:002 0:071 �0:016 �0:007 0:001 �0:022
Tanzania �0:093 �0:342 �0:739 0:237 0:052 1:189

Zambia �0:170 �1:464 �1:168 0:002 0:001 0:000

Zimbabwe �0:039 �0:290 �0:543 0:030 0:003 �0:008
Source: Based on simulation results using Economy-wide Multimarket Models of ECOWAS,
COMESA, and SADC regions
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Fig. 16.8 Changes in country export share and volatility under 10 % reduction in trade costs
compared to baseline. Source: Based on Table 16.7
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Fig. 16.9 Changes in country export share and volatility under a removal of cross-border trade
barriers compared to baseline. Source: Based on Table 16.7 above
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Fig. 16.10 Changes in country export share and volatility under 10 % increase in crop yields
compared to baseline. Source: Based on Table 16.7. Note: For the sake of clarity, values for
Madagascar and Mozambique, which are too large compared to the rest, are not plotted in the
figure
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17ASEAN Food Reserve and Trade: Review
and Prospect

Irfan Mujahid and Lukas Kornher

17.1 Introduction

High uncertainty and volatility of food prices in the recent years have renewed the
interests of many countries in considering food reserves as an important instrument
in managing food price instability. These reserves come back into the focus of policy
agenda as a result of the huge doubts on the reliability of international trade to
guarantee food supply. The 2008 crisis, in particular, highlighted that low levels of
food stocks make countries vulnerable to excessive price volatility even only with
low levels of supply or demand shocks (Wright 2009).

Countries in Southeast Asia have been using storage-based price stabilization
for decades (Rashid et al. 2007). Grain price stabilization in the Philippines
started in 1960s, carried out by Rice and Corn Administration (RCA) and Rice
and Corn Board (RICOB). In Indonesia, price stabilization is managed by Badan
Urusan Logistik (BULOG), a national food reserve agency created in 1967. At
the regional level, the cooperation on food reserves has been ongoing since the
late 1970s, when the original members of the Association of Southeast Asian
Nations (ASEAN) established the Agreement on Food Security Reserve (AFSR).
The ASEAN Emergency Rice Reserve (AERR) was created in 1979 with the initial
earmarks of 50,000 tons of rice to serve as the subset of national stocks in addressing
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food emergencies in the region. However, due to small size of the stocks and its
complex release mechanism, the AERR had never really been activated during the
entire operational period of more than a quarter of a century (Dano 2006).

The recent food price crisis affecting almost all countries in the world led to a
new phase of the regional reserve cooperation in Southeast Asia. The ten member
countries of ASEAN, in partnership with China, Japan, and Korea, agreed on the
ASEAN Plus Three Emergency Rice Reserve (APTERR), which entered into force
in July 2012. The APTERR is a permanent reserve scheme which replaces the pilot
project East Asia Emergency Rice Reserve (EAERR), which itself was presented
as a metamorphosis of the AERR. The initial earmark of APTERR is 787,000 tons
of rice, roughly twice the size of von Braun and Torero’s (2008) proposal for a
modest emergency grain reserve of 300,000–500,000 metric tons for the whole
world. However, the APTERR has hardly been tested in practice. Since entering
into force, only 200 tons of rice have been released at the end of 2012 for poverty
alleviation and the malnutrition eradication program in Indonesia, and another 800
tons of rice in early 2014 for typhoon Haiyan victims in the Philippines. Several
other small releases have been made during its pilot phase from 2004 to 2010.1

This study aims to review the storage-based price-stabilization policy in South-
east Asia, both at the national and regional level, and to discuss the prospect of the
policy in the current era of price instability. The remainder of the article is organized
as follows: Sect. 17.2 provides information on ASEAN market structure, which
will discuss the food trade and development of trade cooperation in the region.
Sections 17.3 and 17.4 describe food reserves at the national and regional level in
ASEAN, including a discussion on their cost and benefit. The discussion about food
reserves at the national level will use several countries in ASEAN as examples,
while at the regional level, the discussion will mainly focus on the ASEANC3.2

Section 17.5 analyzes the WTO rules on public stockholding, and the last section
provides the concluding remarks.

17.2 ASEAN FoodMarket Structure

The recent waves of global food price crisis have affected almost all countries in
the world. ASEAN countries are among those that are hit by the price crisis. Since
2007, the food price index increases have been higher than the consumer price index
increases in the region (Fig. 17.1).

ASEAN countries accounted for 29 % of the total global rice output in 2013,
while maize production in this region accounted only for 4 % of the total global
output. Countries in this region are not traditional producers of wheat and other

1www.apterr.org, accessed on 17 September 2014.
2Association of Southeast Asian Nations (ASEAN) members are: Brunei, Cambodia, Indonesia,
Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, Vietnam; Plus Three Countries (C3)
are China, Japan, Rep. Korea.

www.apterr.org
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Fig. 17.2 World’s rice production in 2013. Source: FAOSTAT

cereals. The countries rely heavily on import for their supply of these commodities.
Most Southeast Asians eat rice as their main staple food. Rice constitutes more than
half of the population’s total calorie intake from cereal. In Thailand and Vietnam,
rice accounts even for more than two-third of their total calorie intake from cereal.3

ASEAN provides a mix of cases. It is home to some of the world’s biggest
producers, consumers, exporters, and importers of rice at the same time. Thailand
and Vietnam are among the biggest rice exporters, whereas Indonesia, Malaysia,
and the Philippines are among the biggest rice importers in the world. However,
Indonesia and the Philippines, with their goals to achieve self-sufficiency, view trade
as the last source of supply, making them occasional rice importers depending on
their production level. Other countries such as Singapore and Brunei are considered
as traditional purchasers of rice (Fig. 17.2).

3Own calculation based on FAOSTAT data. The shares are among cereals, in 2012.
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Fig. 17.3 ASEAN rice trade 2007–2011. Source: FAOSTAT

Table 17.1 ASEAN rice
trade balance 2011 (million
USD)

Country Import Export Net import

Brunei 39.6 2.0 37.6
Myanmar 1.6 98.5 �96.9
Indonesia 1513.2 0.8 1512.3
Cambodia 4.9 107.9 �103.1
Lao PDR 9.8 NA NA
Malaysia 606.1 0.4 605.7
Philippines 383.2 1.7 381.5
Singapore 284.3 52.6 231.6
Thailand 8.9 6507.5 �6498.6
Vietnam 1.3 3656.8 �3655.5

Source: FAOSTAT

The international rice market has been historically thin and unstable (Dawe and
Timmer 2012). The geographic concentration of rice production and the thinness
of international rice trade with high transactions costs are among the factors
contributing to its instability. Only about 5 % of the total global rice production
enters the international market, which is mostly concentrated in Asia. Southeast
Asia as a region is a net rice exporter (Fig. 17.3), but the bulk of the countries are
rice importers (Table 17.1).

ASEAN countries’ imports are mainly sourced from within the region. The
countries in this region absorb roughly one-third of the total regional exports and
send the excess rice supply to the rest of the world (Fig. 17.4).

The average rice tariff rates of ASEAN countries are relatively high compared
with other commodities. In 2012, the tariff for rice was 15.94 % on average among
ASEAN countries, which was much higher than the total average tariff rates for all
commodities (Table 17.2).
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Table 17.2 Average tariff
rates of ASEAN countries’ in
2012 (%)

Sector Tariff rates

All commodities 5.42
Food commodities 7.01
Rice 15.94

Source: TRAINS database accessed via WITS
Note: Average tariff rates not weighted, classi-
fication based on standard product in SITC

Southeast Asian countries liberalize their markets through regional and multi-
lateral trade agreements. The cooperation through ASEAN started in 1967, and
all ASEAN members are currently also members of the World Trade Organiza-
tion (WTO). Through the ASEAN Trade in Goods Agreement (ATIGA), which
supersedes the Common Effective Preferential Tariff (CEPT) scheme implemented
in 1992, international trade within the region is almost without tariffs except for
certain sensitive commodities. In addition to bilateral cooperation between ASEAN
members and many other countries, the members also build cooperation with
neighboring countries while maintaining ASEAN centrality (Fig. 17.5). There are
AK-FTA (with Rep. Korea), AC-FTA (with China), AANZFTA (with Australia
and New Zealand), and AI-FTA (with India). Although the agreement of ASEAN
and Japan has not yet entered into force, many ASEAN members have already
established bilateral agreement with Japan. Furthermore, Regional Comprehensive
Economic Partnership (RCEP), which will combine ASEAN and their six partners,
is currently under negotiation.4 ASEAN itself is entering a new phase of stronger
cooperation through the ASEAN Economic Community (AEC) in 2015.

4RCEP participating countries are ASEAN countries (Brunei, Burma, Cambodia, Indonesia, Laos,
Malaysia, Singapore, Thailand, Philippines, Vietnam) plus their six partners (Australia, China,
India, Japan, New Zealand, and South Korea), launched in November 2012.
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Table 17.3 Tariff of selected agricultural product of different trade agreement regimes 2012 (%)

Commodity MFN applied ATIGA AKFTA ACFTA AANZFTA AIFTA

Animals & product 4.6 0.0 0.1 0.0 0.8 2.2
Dairy products 5.4 0.0 0.0 0.0 0.8 2.2
Fruit, vegetables, & plants 5.3 0.0 0.1 0.0 1.2 3.8
Coffee & tea 6.4 0.0 0.0 0.0 0.4 4.3
Cereals 11.8 7.1 7.3 7.3 7.7 10.1
Oil seeds, fats, & oils 4.3 0.0 0.0 0.0 0.1 2.3
Sugar 12.8 8.1 8.1 8.1 8.1 10.4
Cotton 4.0 0.0 0.0 0.0 0.0 1.6
Other agriculture products 4.1 0.0 0.0 0.0 0.1 2.4

Source: WTO. Note: MFN most favoured nations, ATIGA ASEAN Trade in Goods Agreement,
AK FTA ASEAN Korea FTA, AC FTA ASEAN China FTA, AANZFTA ASEAN Australia New
Zealand FTA, AI FTA ASEAN India FTA

However, despite having significantly reduced their tariffs on many commodities
through trade agreements among ASEAN members (and plus countries), consider-
ably high cereals tariffs are still in place (Table 17.3). Cereal products, especially
rice, are considered highly sensitive commodities in ASEAN, and thus ASEAN
countries still make exceptions by not reducing the tariff on these commodities.
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17.3 National Food Reserves in Southeast Asia

The fact that the international rice market has been historically thin and unstable
forced countries in this region to prevent the transmission of world price fluctuations
to domestic markets (Dawe and Timmer 2012; Rashid et al. 2007). Storage-based
public intervention policies have been part of their development agenda for many
years to control food availability in the market.

Food price stabilization in the Philippines is managed by the National Food
Authority (NFA), which acts as a regulator as well as a corporation engaged in
grain trading. The history of the NFA started in the 1960s, when the RICOB and
the RCA were still active. In 1972, the National Grains Authority (NGA) replaced
these two agencies to promote the integrated growth and development of the grain
industry in the country. In 1981, the NGA was transformed to the NFA, and the new
organization has two primary mandates: ensuring food security and stabilizing the
supply and price of rice. This highlighted the importance of rice in the society. The
NFA aimed to fulfill its mandates through procurement, distribution, importation,
and buffer stock activities. For the buffer stock activities, the NFA is required to
maintain rice stocks which are equivalent to 15 days of consumption for the entire
country in its warehouses (Aquino et al. 2013).

In Indonesia, price stabilization was managed by BULOG, a national food
reserve agency created in 1967 with the special objective to protect Indone-
sian domestic markets from sharp price fluctuations on world markets. BULOG
buys excess rice production that is not absorbed by the market during harvest
seasons from farmers, keeps the rice in its warehouses throughout the country,
and distributes the rice at low prices during planting seasons, drought, or other
conditions that may cause sharp increases in market rice prices. BULOG maintains
a ceiling price policy to ensure the affordability of rice for low-income consumers,
especially those living in urban areas. Like the NFA in the Philippines, BULOG also
monopolizes rice imports in Indonesia.

As rice importers, Indonesia and the Philippines mainly control rice imports.
Other countries, such as Vietnam, which is an exporter country, also use public
reserve policies to control rice exports. VINAFOOD in Vietnam is responsible for
managing rice availability and rice prices in the market.

17.3.1 Benefits and Costs of National Reserves

Although it is difficult to separate the contributions of policies, we have provided
some reviews and discussions on the costs and benefits of national food reserve
using qualitative approaches. Rashid et al. (2007) argued that storage-based price-
stabilization policies benefit countries through price stability and better agricul-
tural performance. Southeast Asian countries were among those that successfully
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Fig. 17.6 Rice prices in Indonesia during “New Order” and “Reform.” Source: Dawe (2008) and
GIEWS

managed their domestic food prices for years. Under the “New Order,”5 Indonesia
was one of the success stories of food price stabilization, especially for rice. From
1969 to 1997, domestic rice prices were substantially less volatile than in the
“reform”6 period after 1998, when BULOG has less power to intervene in the
market7 (see Fig. 17.6). In Vietnam, agricultural policies introduced in the early
phase of the unification of North and South Vietnam have transformed the country
with disappointing agricultural production to one of the biggest rice exporters in the
world.

Price stability benefits consumers and producers at the same time (Timmer
1989). Poor consumers in Southeast Asia, like many others in developing countries,
spend more than half of their income on food (von Braun and Tadesse 2012).
Excessive price volatility and spikes can cause food and nutrition insecurity for
those consumers who cannot maintain consumption stability. Reducing food and
nutrition intake, even only temporarily, can have short- and long-term effects (Block
et al. 2004). Price-stabilization policy serves as a preventive program instead of a
response program for emergency cases. This kind of policy can help consumers
better manage their expectations on food prices and thus better manage their food
and nutritional intake. Price stability also helps producers maintain consumption
stability because most farmers in Southeast Asia are also categorized as poor citizen
living in rural areas.

Furthermore, price stability allows farmers to better manage price expectations
on food crops, which can enhance efficiency in the farming sector through better
management of planting systems. Moreover, price stability contributes to social and

5“New Order” refers to the government lead by President Soeharto, in power from 1967 to 1998.
6“Reform” refers to democratization era in Indonesia after the lost power of Soeharto regime in
1998.
7Empirical test using standard deviations of log of prices in difference (SSD) shows 0.05 for the
periods before 1998 and 0.1 for the periods after 1998.
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political stability. Arezki and Brückner (2014) showed that price movements can
induce political instability, which is manifested in political riots and civil conflicts.
Sociopolitical instability can in turn make it difficult for governments to promote
growth and development.

Food price stability is in fact associated with the rapid economic growth during
the early development phase in Southeast Asia (Dawe and Timmer 2012; Cummings
et al. 2006). However, the downside of stabilization policies are that the fiscal costs
of public reserves are often high, while the benefits may not be as high as expected.
In the Philippines, for instance, the government spending on the NFA surpassed
its spending on agrarian reform, research and development, and extension services
during the period of 2003–2008 (Aquino et al. 2013). In Indonesia, a financial audit
report by Arthur Anderson covering the period from April 1993 to March 1998
suggested that total inefficiency of BULOG was about US$400 million per year
(Arifin 2008). Likewise, the economic costs of distorting market and crowding out
private storage and trade can also be very high.

Over decades, there have been several shifts in the price-stabilization policies in
Southeast Asia. In the 1980s and 1990s, public reserves fell out of favor particularly
because of the changing interest of many countries, which wanted to improve
market efficiency. Fiscal difficulties caused by the Asian crisis in the late 1990s
triggered countries in the region to intervene less in the market. Indonesia loosened
its monopolistic structure and created competition within the domestic market.
BULOG lost its domestic power to monopolize the sugar and rice trade because
Indonesia was required to comply with the International Monetary Foundation
(IMF) Letter of Intent by liberalizing its market.

17.4 Regional Food Reserve Cooperation

Following the global food price crisis in 2008, ASEAN countries agreed on the
ASEAN Integrated Food Security (AIFS) framework, which aimed to address four
major components of the food security challenges: food security arrangements and
emergency short-term relief, sustainable food trade development, integrated food
security information system, and agricultural innovation. The AIFS framework
provides the foundation for the establishment of the APTERR, an ASEAN regional
reserve cooperation together with its three partners.8 The APTERR was finally
agreed upon in October 2011 and entered into force in July 2012.

The history of the APTERR dates back to 1979, when the original members of
ASEAN9 agreed on the ASEAN Emergency Rice Reserve (AERR). The objective
was to build up physical rice reserves that would serve the needs of member
countries when the demand in any member country cannot be fulfilled from own

8China, Japan, and Rep. Korea.
9Five original members are: Indonesia, Malaysia, Philippines, Singapore, and Thailand; current
ASEAN members also include Brunei, Cambodia, Laos, and Vietnam.



422 I. Mujahid and L. Kornher

production or through purchases in international market. The main reason for
the cooperation was that the ASEAN countries identified food instability as a
common threat and as the consequence of the high vulnerability of the region’s
food production. The AERR was created with the initial earmarks of 50,000 tons of
rice as a subset of national stocks. Releases from the AERR were to be arranged
through bilateral negotiation between a country in a state of emergency and a
country offering its earmarked reserve. The system, however, was never used,
and the amount of rice in the reserve was too undersized to cope with an actual
emergency.

The efforts of building up stocks in the region continued. In 2001, ASEAN
countries, in partnership with China, Japan, and Korea, initiated a consultation and
cooperation process in establishing an emergency rice reserve at the regional level.
A pilot project of the East Asia Emergency Rice Reserve (EAERR) was created at
the end of 2003 with the political support of the ASEAN Plus Three countries. The
purpose of the EAERR is twofold: maintaining food security in case of emergency
and contributing toward price stability in the region (APTERR 2014). The food price
crisis in 2008 led the ASEAN Plus Three governments to strengthen the financial
and stockpiling abilities of the EAERR and move beyond the project beyond its pilot
phase. The APTERR was finally agreed upon as a permanent scheme in October
2011 and entered into force in July 2012.

The initial earmarked stock of the APTERR is 787,000 tons of rice, which were
voluntarily contributed by the member countries (Table 17.4). The stocks remain
owned and controlled by the respective governments for meeting the needs of any
other member countries in case of emergency. The governments are also responsible
for the management cost of their earmarked stocks to ensure the stocks remain in

Table 17.4 Earmarked
stock of APTERR

Country Earmarked stocks (tons)

ASEAN countries

Brunei Darussalam 3000
Cambodia 3000
Indonesia 12,000
Lao PDR 3000
Malaysia 6000
Myanmar 14,000
Philippines 12,000
Singapore 5000
Thailand 15,000
Vietnam 14,000
Plus Three countries

China 300,000
Japan 250,000
Korea 150,000
Total 787,000

Source: APTERR
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good quality. Another type of APTERR stock is a stockpiled emergency rice reserve,
which could be in form of cash or rice, but is owned collectively by APTERR
member countries and managed by the APTERR secretariat under the supervision
of the APTERR council.10

The APTERR is designed to mainly address emergency situations anywhere in
the region. Emergency is defined as “the state or condition having suffered extreme
and unexpected natural or man-induced calamity, which is unable to cope with such
state or condition through its national reserve and is unable to procure the need
through normal trade.”11 In principle, given the definition of emergency, extreme
price volatility is not a reason for releasing rice from the APTERR.

The APTERR presents itself as a subset of national reserves. Rice release from
the APTERR is only possible when a national reserve is unable to cope with extreme
shocks. The release of APTERR stock is based on the request of the member
country which encounters an emergency rice shortage. The requesting country is
also responsible for the transportation and operational costs incurred during the
stock release.

The APTERR heavily relies on the commitment and political will of every
member country, without any sanction mechanism in place. Nevertheless, APTERR
member countries appoint a Management Team to ensure rice releases take place in
case of emergency.

17.4.1 The Benefits and Costs of Regional Reserves

There have been extensive debates on storage-based price-stabilization policies
(Galtier 2013). On the one hand, countries with public reserve policies can benefit
from price stability and better agriculture performances, which are associated with
economic success. On the other hand, the policies are often criticized for their high
fiscal and economic costs.

National public food reserves in Southeast Asia are largely managed as buffer
stocks to address price instability. The size of national public food reserves is usually
large, and their stocks are frequently rotated to maintain the quality of the stocks.
Consequently, the fiscal costs of storing food/grains are high, and the potential of
creating market distortion is high as a result of the high degree of intervention.
On the other hand, an emergency public reserve usually holds a low amount of
stocks and is only intended for addressing humanitarian needs rather than for price
stabilization.

In the competitive storage model, the central idea behind storing food today for
tomorrow’s consumption is based on the assumption that an equilibrium price can
be reached when today’s price (pt) equals the expected price tomorrow (ptC1) plus
the costs of storage. Stocks are held in anticipation of profit, which implies that the

10The APTERR council is composed of one representative from each APTERR member country.
11ASEAN Integrated Food Security Framework.
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marginal gain of holding stocks should exceed the marginal cost. However, under
this condition, the optimal stock level is not necessarily optimal from the social
welfare perspective.

Using this assumption, public involvement in stockholding is needed to address
the economy-wide consequences of demand or supply shocks. Difficulties arise
when determining the optimal stock level (Gardner 1979) as it depends on the
criterion of desirability. For instance, public rice stocks maintained by the NFA in
the Philippines are equivalent to 15-day consumption needs of the entire country
(Aquino et al. 2013). This stock level is determined based on the assumption that
the national stock level (public and private) should be equivalent to the 90-day
consumption needs, which covers the lean season, when usually no harvests from
domestic production prevail.

Notwithstanding the difficulties in determining the optimal stock level, we
provided an illustration on how regional cooperation can significantly reduce
the required stocks.12 Following Kornher and Kalkuhl (2014), we estimated the
required stocks as the difference between the largest historic supply shortfall and
the percentage of threshold:

S D max
h�
1 � x

100

�
E .Qt/ � Qt

i
(17.1)

where x is the level of allowed supply shortfall. For instance, if we want to maintain
97 % consumption stability, then the allowed supply shortfall is 3 %. E(Qt) is
the expected supply level at time t. Since supply for consumption increases with
population growth, we measured shortfall around a trend.

Supply shortfalls of countries individually were compared with the total supply
shortfalls of the entire region using the coefficient of variation of supply, which can
be written as:

CV2

 
nX

1

Qi

!

D
nX

1

s2i CV .Qi/C 2

nX

1

nX

iC1
sisi C 1 ri; iC1 CV .Qi/CV .QiC1/

(17.2)

where CV2
�Xn

1
Qi

�
is the coefficient of variation of the regional supply, and Qi

is the supply of each country. si and ri; iC1 are a country’s share and coefficient
of correlation, respectively. This condition assumes that there is free flow of food
between the countries within the region. Production shortfall can be compensated by
imports, which means that the supply shortfall in one country can be compensated
by supply surpluses in other countries.

12Further discussion on optimal stock level can be found in Kornher and Kalkuhl (2014).
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Table 17.5 Stocks required for allowed supply shortfall of 3 % (tons)

w/o cooperation With cooperation Actual APTERR stock
Required
stock

Stock-to-use
ratio

Required
stock

Stock-to-use
ratio

Earmarked
stock

Stock-to-use
ratio

ASEAN
Brunei 1227 23.22 688 13.02 3000 56.76
Cambodia 47,768 12.95 26,799 7.27 3000 0.81
Indonesia 57,413 1.05 32,210 0.59 12,000 0.22
Lao PDR 18,912 10.73 10,610 6.02 3000 1.7
Malaysia 17,947 5.59 10,069 3.14 6000 1.87
Myanmar 34,552 2.37 19,385 1.33 14,000 0.96
Philippines 78,355 5.41 43,960 3.04 12,000 0.83
Singapore 10,420 23.28 5846 13.06 5000 11.17
Thailand 130,132 8.60 73,008 4.82 15,000 0.99
Vietnam 136,657 5.42 76,669 3.04 14,000 0.55
Plus Three

China 678,268 3.2 380,533 1.8 300,000 1.42
Japan 132,280 8.7 74,214 4.88 250,000 16.45
Korea 59,788 6.93 33,543 3.90 150,000 17.40
Total 1,403,717 3.81 787,535 2.14 787,000 2.14

Source: Own elaboration based on USDA PSD. Note: required stocks w/o cooperation and with
cooperation are calculated for 2 months consumption

Considering that not all of ASEAN countries are rice producers, supply data
(production C imports) was used instead of production data only. Rice supply in
Singapore, for instance, relies heavily on imports. Using the actual rice supply
data of ASEANC3 countries from the USDA PSD for the period of 1980–2014,
we estimated the required stocks for the 2-month consumption stability at 97 %
(allowed supply shortfall of 3 %). Countries’ stocks were determined from the
regional stocks using their consumption shares. The results of the estimations are
presented in Table 17.5.13

The simulations showed that regional cooperation can significantly reduce the
required rice stock by roughly 44 %, from 1,403,717 to 787,535 tons. This
implies that the fiscal costs associated with holding stocks can be reduced through
cooperation and risks sharing. The simulations also showed that all countries can
reduce the required contributions of stocks through regional risk sharing.

In the APTERR system, stocks remain owned and controlled by the respective
governments for the purpose of meeting the needs of any other APTERR member
countries when they experience an emergency. However, transportation costs arise
when transferring rice from a donor country to a country in need. This transportation
costs should also be taken into consideration when calculating the cost reduction

13Correlation matrix of supply shortfall, maximum shortfall, average annual supply, and consump-
tion shares that were used for the estimations are available in Appendix.
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Table 17.6 Storage and transportation cost (million USD)

Storage cost Transportation cost Total cost
Low High Low High Low High

w/o cooperation 35 49 – – 35 49
With cooperation 20 28 0.7 1.1 20.7 29.1
Cost savings 14.3 19.9

Source: own elaboration. Note: Storage cost is estimated in the range of US$25 (low) to US$35
(high) per ton. Transportation cost within ASEANC3 countries is estimated in the range of US$10
(low) to 15 (high) per ton

resulting from cooperation. Since transportation costs arise only when a country
within the region experiences a shortfall, we calculated the transportation costs
from the expected trade volume14 in times of shortfall, which was estimated to be
equal to the required stocks for 2 months consumption. The results are available in
Table 17.6.15

The total cost saving through food reserve cooperation was estimated to be
about US$14.3–19.9 million when storing enough food to satisfy consumption for
2 months. The saving is roughly 40 % of the estimated cost without cooperation.

The current APTERR stock is roughly equal to the total stocks needed by the
region to maintain consumption stability at 97 % for 2 months. However, the
voluntary contribution of each member country of the APTERR is not the same
as the required stock for each country with cooperation through risks sharing. For
instance, Japan and Korea contribute more than what they need, but Cambodia and
Lao PDR contribute less than their required stocks. Richer countries of the APTERR
are more likely to provide food assistance to their poorer neighboring countries. This
can be seen also from the voluntary contributions of APTERR member countries:
each of the “Plus Three” countries contributes more than the total contribution from
all ASEAN countries. There is a strong indication that the large contribution from
the “Plus Three” countries has brought APTERR into practice. Its predecessor, the
AERR, which consisted only of ASEAN members with small size of stock, had
never released its stock during its entire operational period.

We also conducted a simulation to determine the required stock for ensuring
consumption stability of 97 % in different cooperation regimes in order to analyze
whether countries benefit from larger cooperation (Table 17.7). Through our
simulation of three scenarios—ASEAN, ASEANC3, and ASEANC3 plus India—
we found that the benefits of cooperation decreased when more countries joined
the cooperation. This is possible because the correlation of shortfall risks increases
with the increasing number of member countries. However, although the benefits
of cooperation were decreasing, the required stock was still significantly reduced.

14The expected trade volume in times of shortfall is based on the mean value of the historical
regional shortfalls.
15Numbers of supply shortfall for each country are available in Appendix.
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Table 17.7 Stocks required for allowed supply shortfall of 3 % in different (tons)

Regional cooperation
(simulation)

Required stocks without
cooperation

Required stocks with
cooperation Reduced by (%)

ASEAN 533,382 178,885 66
ASEANC3 1,403,717 787,535 44
ASEANC3CIndia 2,362,418 1,637,777 31

Source: Own elaboration based on USDA PSD

For instance, if India also joined the ASEANC3 cooperation, the required stock
would be reduced by 31 %. Moreover, larger cooperation means larger coordination
between countries, which can potentially prevent collective action failures.

17.5 WTO Rules on Public Reserve

The central issue in a WTO-compatible framework for developing countries,
including those in Southeast Asia, is whether these countries are able to stockpile
their staple food (i.e., rice) to ensure stable incomes for their farmers while ensuring
that their low-income citizens are able to access the basic food at an affordable
price. This issue, however, affects or has the potential to affect other countries.
The potential spillovers of public reserves are high in different member countries
due to different conditions of countries in ensuring food security for the citizens.
The increasing demand for food for stockholding purposes increases prices and
potentially reduces supply for immediate consumption in other countries. When
food stocks are finally released for consumption, international trade can be distorted,
affecting market competition.

The present WTO rules allow member countries to maintain or introduce
domestic support measures without any limitations or reduction commitments. To
qualify for this, domestic support to food reserves must meet “the fundamental
requirement that they have no, or at most minimal, trade distorting effect or effects
on production.”16 Countries, however, may argue the definition of minimal trade
distorting effects.

A public reserve is not only economically complex but also politically encum-
bered. The Bali Package, which has been mentioned as the first-ever agreement
reached in the history of the WTO, still makes an exception for public stockholding.
In the 9th ministerial meeting held in Bali, Indonesia, at the end of 2013, the
WTO member countries adopted an interim solution and agreed to negotiate a
permanent solution that would specifically address public reserve by the 11th

16WTO Agreement on Agriculture.
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ministerial conference in 2017. Furthermore, in the Post-Bali work, countries also
agreed to continue with the interim solution if the permanent solution cannot be
agreed upon by 2017. This means that no agreement has been reached for a public
reserve. Nevertheless, the interim solution, which should prevent countries from
challenging other countries through dispute settlement mechanism until a permanent
solution is found, can be a starting point for a new institutional arrangement to
prevent collective action failures of uncoordinated national public reserves, which
can further destabilize prices at the international level.

17.6 Conclusion and Policy Implication

Public food reserve policies have been used by many countries for decades.
Although in the 1980s and 1990s, public reserves fell out of favor with many
countries particularly against the backdrop of changing interest, with the countries
turning their attention to improving market efficiency, the policy has always been
part of the development agenda of many countries. Storage-based stabilization
policy through public food reserve is receiving much more attention today in the
era of increasing food price volatility. Food security concerns in the recent years
have led many countries to reconsider using public food reserve as the main policy
to deal with such uncertainty and price instability.

ASEAN countries have provided an interesting case with their long experience
in implementing storage-price-based stabilization policies. Despite the difficulties
in measuring the impact of different policies, price stabilization has been an
integral part of the development agenda of ASEAN countries for decades and has
contributed to price stability, which is associated with the economic successes in
this region. ASEAN also has shown that cooperation at the regional level is possible.
The APTERR presents itself as a regional effort to face the common challenges of
ensuring food security.

One of the main concerns regarding public reserve is that the fiscal cost of storing
food is relatively high. The cost, however, can be reduced with cooperation. The
simulations have shown that regional cooperation significantly reduces the required
stocks, which in turn reduces the costs of holding them. Even when transportation
cost arising because of decentralized storage in the different countries is taken
into account, the total cost for food reserve with cooperation is still lower than
without cooperation. This definitely will be beneficial for all participating countries.
Admittedly, determining the optimal stock level is difficult. It always depends on the
criterion of desirability. The current earmarked stock of the APTERR is designed
mainly to address emergency situation rather than for price stability. However, it
may have a calming effect on the market and thereby prevent the rapid increase in
food prices.



17 ASEAN Food Reserve and Trade: Review and Prospect 429

ASEAN and their partner countries can also consider expanding their coopera-
tion to include other neighboring countries. The simulation which considered India
as the “fourth” country showed that such cooperation would still significantly reduce
the required stocks that will be beneficial for all member countries involved. India
was emphasized in the simulation because of its important role in the region. The
fact that the country is home to around 200 million undernourished people17 has
brought serious concerns to the policymakers in the country. With the world’s largest
food programs covering public procurement, storage, and distribution of wheat and
rice, India has successfully stabilized its food prices for many years. However, the
policies give rise to very high fiscal cost. In 2013, the cost is estimated to be around
1.2 % of the country’s GDP (Kozicka et al. 2015).

While India is not part of ASEAN Plus Three countries food reserve cooperation,
ASEAN and India have already signed an FTA, which has been in force since
January 2010. The countries involved could also consider including food reserve
as part of their cooperation which will likely be beneficial to all the participating
countries. In addition to reducing the overall fiscal costs, larger cooperation and
coordination also mean that collective action failures are diminished.

Learning from ASEAN case, public food reserve is an ancient idea that is still
relevant today. The way forward is to build institutional arrangements that facilitate
coordination and cooperation among countries through various channels, including
the multilateral trading system of the WTO. Each of the ASEAN trade agreements
with six countries18 which could be deepened under the RCEP framework, which
combines all ASEAN “plus” agreements together, and this could be a starting point
for a stronger and larger cooperation in various areas, including public reserves.

Acknowledgments The authors are grateful for the financial support of the Federal Ministry
of Economic Cooperation and Development of Germany (BMZ) within the research project
“Volatility in Commodity Markets, Trade Policy, and the Poor” and the European Commission
(FoodSecure Research Project).
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17Estimated from 17 % of population as stated in the Global Hunger Index, IFPRI et al. (2014).
18The six countries are Australia, China, India, Japan, Korea, and New Zealand.
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18WhenDo Prices Matter Most? Rice, Wheat,
and Corn Supply Response in China

Jan Brockhaus, Jikun Huang, Jiliang Hu, Matthias Kalkuhl,
Joachim von Braun, and Guolei Yang

18.1 Introduction

Unexpected high and volatile food prices during the 2007–2008 world food
crisis and thereafter have reemphasized the question of how countries can protect
themselves from supply shortages. In view of the various trade restrictions imposed
by some major exporting countries, governments tend once again to focus more on
self-sufficiency and food storage. Additionally, emerging economies like China aim
at increasing their yields. This is because the possibilities of expanding agricultural
land are limited, while population, total grain demand, and meat consumption are
rising.

The primary purposes of analyzing the supply response are threefold in this
chapter. First, this work aims to identify the different factors that can affect
production, such as market prices, biophysical conditions, and infrastructure. The
second objective is to analyze the differences in the effects of these factors on the
different crops. The third aim is to evaluate how the predictive power of prices
evolves over time and therefore to understand when farmers react most strongly
to prices. Hence, a clear understanding of the farmers’ planting and production
behavior is needed.
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In the context of empirical estimations, farmers’ decision-making is generally
modeled as a two-step process (Colman 1983): First, farmers choose the crop type
based on past weather conditions and decide their cropping area based on the prices
they expect to receive several months later. Second, after planting, they change their
farmland management measures according to market prices and weather condition
to achieve a high yield. We focus on the production response of winter wheat,
indica rice, and corn as these crops are the main staple foods in China. China is the
biggest producer of rice and wheat and one of the biggest producers of corn. The
results of the research can also be used as the basis for a short-term forecasting tool
for monitoring Chinese food security or as part of a worldwide food availability
monitoring tool. However, forecasting would require timely availability of data,
which usually is not possible for data from the Chinese Agricultural Yearbooks.

In China, early works in this field have focused on the roles of price and
marketing reforms in agricultural production (e.g. Lin 1991). Empirical studies
have found a positive impact of price changes on output during the first years of
reform (Lin 1992; Huang and Rozelle 1996). Lin (1992) found that 15 % of output
growth in 1978–1984 came from the rise in relative prices. Huang and Rozelle
(1996) showed about 10 % of rice output growth between 1978 and 1984 was
caused by price effects. The gains have also resulted from increased allocative
efficiency through market liberalization since the early 1990s. For example, de
Brauw et al. (2004) showed that increasing marketization had a positive effect on
crop allocation and productivity. The recent works have paid more attention to the
impacts of subsidizing agriculture after China shifted its agricultural policy from
taxing farming households to providing them with subsidies in 2004. While these
subsidies are given to all producers and are very high, even higher than in the USA
and the EU on a per unit area basis in 2012, they are quite low on a per household
or per farm basis as farms in China are mostly of small scale (Huang et al. 2013).
Except for subsidies for machinery, which influenced the purchase of machineries,
most other subsidies for grain, input, and seed were found not to influence farmers’
area allocation decisions (Huang et al. 2011). This finding provides the rationale
behind not explicitly including subsidies in this study. Increased grain outputs in
the later years were partly attributed to land reallocation to grain production (Yu
and Jensen 2010). With the help of a dynamic panel approach, acreage and yield
responses to output prices were analyzed in a case study for Henan (Yu et al. 2011).
Both area and yield were found to be price-responsive. However, evidence from
other provinces is missing, and the effects of high temperatures have not been
addressed. This chapter focuses on both of these issues. Furthermore, the role of
prices at different points in time is at the heart of this analysis. At the global
level, price volatility and therefore price risks were found to reduce the supply
response (Haile et al. 2016). However, as prices are comparably stable in China,
price volatility was not considered as an important factor in this study.

In the face of global warming, interest in its impacts on agriculture is increasing.
The impacts of climate change are expected to be huge and have already been
partly documented. The general findings include an expected decline of crop yields
in China, as in other developing countries (Tao et al. 2006). By employing farm-
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level data and the Ricardian method, the average impact of higher temperatures
was found to be negative, whereas the average impact of more rainfall was found
to be positive (Wang et al. 2009). Overall, weather conditions, market prices, and
infrastructures can be seen as the three most important conditions for agriculture
production. This study makes an important contribution to evaluating how such
weather-related variables, especially high temperatures, affect the production of the
considered crops at the province level. Furthermore, to our knowledge, this is the
first study which addresses the production response to prices at different periods in
time in order to analyze the farmers’ price expectation formation process.

The next four sections present the data, methods, results, and conclusions,
respectively.

18.2 Data Description and Usage

Data on acreage, production, output market prices, procurement prices, fertilizer
prices, rainfall, consumer price index (CPI), irrigated area, temperatures, sunshine,
effective irrigated area, and prices of competing crops were collected from the
Chinese agricultural and statistical yearbooks from 1996 to 2012. Province-level
data was used whenever possible, but whenever such data was scarce, national-
level data was used instead. Own crop prices were deflated by the CPI; other prices
were deflated by the own crop price, resulting in relative prices to take into account
any possible correlation. Table 18.1 provides an overview of the aggregation level,
frequency, and transformations of the data. The summary statistics of the variables
are presented in Table 18.2 for the individual crops.

A panel data set was created for each crop, whereby the province-wise production
of a crop was used as the dependent variable to be explained by the other variables.
The provincial production data, collected from the National Bureau of Statistics of
China, was collected from 1995 to 2012 and includes information on 20 provinces
planting winter wheat, 29 provinces planting corn, 13 provinces planting early and
late indica rice, and 15 provinces planting middle indica rice. For indica rice, data
from the early, middle, and (double) late seasons were pooled together to get more
observations and hence ensuring that the number of observations did not fall below
249. However, this came at the cost of not being able to detect any heterogeneity in
the response which cannot be captured by the fixed effects.

The planting season and complementing and substituting crops may differ
slightly among the different provinces. For winter wheat, the planting season is from
September to October, and its harvesting takes place in the late April or May of the
following year. The main substitute is rapeseed, followed by cotton, while corn is
a complementing crop. Corn is mainly planted from April to June and harvested
between August and October. The main substitutes are soybean and cotton, and
the main complementing crops are wheat and rapeseed. Based on the farmers’
production behavior, we focused on input and output prices, weather conditions,
and infrastructure. For crop prices, monthly wholesale prices were used. This is
because wholesale prices were more easily available than farm gate prices and also
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Table 18.1 Overview of the data used for the regression analysis

Data China : : : yearbook Scale Frequency Transformation

Production Rural statistic Province Yearly Logged
CPI Statistical Province Monthly Continuous CPI build

from yearly changes
Total farm crop area Rural statistic Province Yearly –
Irrigated area Water conservancy Province Yearly Divided by total farm

crop area and logged
Nonirrigated area – Province Yearly log(1-irrigated area/total

farm crop area)
Wholesale prices Grain National Monthly Divided by continuous

CPI and logged (for
competing crop prices:
divided by own crop
price)

Fertilizer prices Price National Monthly Divided by wholesale
price and logged

Rainfall Water conservancy Province Monthly Logged
Hours of sunshine 1 Province Monthly Logged
Lowest temperature 1 Province Monthly –
Average temperature 1 Province Monthly –
Highest temperature 1 Province Monthly –
Area affected by drought Water conservancy Province Yearly Divided by total farm

crop area and logged

Note: The second column shows the source, i.e., from which of China’s yearbooks the data is taken.
1 means that it is not taken from any yearbook but from the National Meteorological Information
Center of China

because of the high transmission from wholesale to farm gate prices, as reported in
the literature (Liu et al. 2012).

As land and labor are limited, planting behavior can be affected by the price
of competing crops. Fertilizer prices were chosen as the main input market price.
Wages, obtained from Bloomberg, were also included, but their time series is short
and as a result so is the number of observations. Due to this and the fact that they
turned out to be insignificant, they were not reported in this chapter but are available
upon request. The agricultural production system is sensitive to weather effects,
and there are very few measures available to farmers to compensate for weather
effects. Therefore, weather conditions, collected from the National Meteorological
Information Center of China, were a very important independent variable in this
analysis. The percentage share of cultivated area under irrigation can also be seen as
a measure of infrastructure and technology. Missing values for this variable, but not
for any other variables, were imputed. Irrigation also allows farmers to compensate
for insufficient rainfall and partly even droughts. As irrigation is typically used
in combination with the application of chemical fertilizers, it represents a higher
standard of agricultural infrastructure. However, irrigation relates to the cultivated
land area under irrigation and hence is not crop specific. As a result, only very
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Table 18.2 Summary statistics of the data from all provinces

Obs Mean SD Min Max

Corn

Production (1000 tons) 552 458:7 549:5 0:9 2675:8

June WSP (CNY/kg) 463 1:4 0:4 0:9 2:3

Irrigation (1000 ha) 552 1813:9 1385:8 144:2 5205:6

Rainfall @ growing (cm) 534 14:1 6:8 1:5 40:4

Average temp @ growing (ıC) 534 24:9 3:3 13:2 30:7

Drought area (1000 ha) 495 448:1 544:2 1:0 3133:0

Fertilizer price (CNY/kg) 492 1916:4 672:6 1186:0 3140:0

Winter wheat

Production (1000 tons) 360 464:3 686:8 0:2 3177:4

March WSP (CNY/kg) 301 1:5 0:4 1:0 2:2

April’s sunshine hours 360 5:6 1:8 1:7 9:4

Irrigation (1000 ha) 360 2041:9 1466:8 173:6 5205:6

Rainfall @ growing (cm) 360 6:0 4:8 0:2 22:4

High temp @ flowering (ıC) 360 26:0 4:1 16:6 37:3

Rainfall @ planting (cm) 360 2:9 1:6 0:1 11:7

Drought area (1000 ha) 321 399:5 482:9 1:0 2573:0

Fertilizer price (CNY/kg) 320 1897:8 665:3 1184:0 3000:0

Indica rice

Production (1000 tons) 707 406:1 433:0 0:0 2161:1

WSP @ planting (CNY/kg) 594 1:5 0:4 0:9 2:5

Sunshine hours @ planting 707 5:4 1:4 2:1 10:4

Irrigation (1000 ha) 707 1751:3 985:5 169:9 3929:7

Rainfall @ growing (cm) 707 11:4 4:3 2:6 26:2

Rainfall @ planting (cm) 707 3:8 2:6 0:1 19:5

High temp @ growing (ıC) 707 33:7 2:0 27:2 39:7

Drought area (1000 ha) 639 292:9 361:0 1:0 2250:0

Fertilizer price (CNY/kg) 632 1867:1 668:0 1126:0 3340:0

Note: Data which is only available on a national basis has been copied for all provinces and
therefore is shown to have more observations than it actually has on the national level. Data is
only reported if the value for production for that crop, year, and province is available. Unless the
month is indicated, the @ is used to specify time periods

limited conclusions can be drawn about how irrigation affects production. This is
discussed further in Sect. 18.4 and also applies to the drought area, which is also not
crop specific.

As some of the weather data has a high level of autocorrelation, it is not possible
to consider every month in the econometric analysis. Therefore, only the most
important month is included, except for rainfall, in which case the sum of the most
important months is calculated. The hypotheses to test in this chapter are as follows:
(1) A positive response to own output prices, and a negative response to competing
crop prices as well as fertilizer prices, at least if the crop has a higher fertilizer
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requirement than competing crops; (2) own output prices matter most in the time
period from shortly before to a few month after planting, during which farmers
make their decisions on areas and yields; (3) droughts and insufficient rainfall have
a negative effect on production; (4) irrigation has a positive impact and can reduce
the negative impact of insufficient rainfall or high temperatures.

This approach has some limitations. The biggest limitation might be the aggre-
gation level of data. Some price data were only available at a national level, but
as price transmission within China is high (Huang and Rozelle 2006), this might
not be a concern. For the biophysical variables, even though they were available at
the provincial level, this aggregation might be more problematic as rainfall, hours
of sunshine, and temperatures may vary in different parts of the same province.
Therefore, the influence of these biophysical variables is likely to be underestimated
due to this high level of aggregation. Furthermore, important variables may not be
considered which could be an issue if they fluctuate a lot in the short term. If they
mostly consist of a long-term trend instead, then they will be captured by orthogonal
deviations and lagged production and, as a result, will not cause any problems.

18.3 Methodology

Strictly speaking, a farmer’s decision-making process consist of two steps: the
area decision and the yield decision (Colman 1983). The considered determinants
are mostly the same but may differ slightly as, for example, competing crop
prices are not that important after the area decision was made. However, they
still may be important because they may affect how farmers allocate their inputs
such as fertilizers, pesticides, and water and other variables. On the other hand,
not all variables which influence yields also matter when allocating the area.
Unexpected rainfall shocks (or price shocks) after planting cannot be anticipated
and therefore cannot affect the area decision. However, these shocks may affect a
farmer’s fertilizer application and therefore yield. Therefore, modeling production
is a combination of the area and yield processes and can only be investigated by
considering the sum of both effects. Nevertheless, it is important to see the combined
effects as we are interested in the total production volume and want to know which
variables have an influence and how the variables influence. Another reason to look
at the combined effect on production is that statistical issues arise when looking
at area and yield separately. This is because area and yield influence one another,
and therefore this additional endogeneity has to be dealt with. For example, area
allocation decisions may affect yields in two different ways: High prices could cause
farmers to favor large planting areas, which should increase the expected yields,
whereas planting area expansion may negatively influence yields if the additional
crop areas are located on less-productive lands.

The Arellano–Bond difference GMM and system GMM estimators (Holtz-Eakin
et al. 1988; Arellano and Bond 1991; Arellano and Bover 1995; Blundell and Bond
1998) were used for a number of reasons. First, the time period was rather short,
usually around 14 years, while the number of observations per time period was
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comparatively large: 20 for wheat, over 29 for corn, and around 40 for rice. The
difference GMM and system GMM estimators control for such dynamic panel bias.
Second, the production response is a dynamic process, i.e., current realizations
depend on past ones. Third, fixed effects allow for heterogeneity across groups,
namely provinces. Last, idiosyncratic disturbances may have individual-specific
patterns of heteroskedasticity.

For all three crops, four different specifications are shown in the tables in
Sect. 18.4, with the first three presenting different control variables for the difference
GMM estimator and the fourth illustrating the results for the last specification using
the system GMM estimator for comparison and robustness checks. While including
more variables allowed more factors to be controlled for, it also decreased the
degrees of freedom, the significance of variables which are correlated and most
importantly the number of observations (because many variables could only be
obtained for a limited number of years). Comparing the different specifications and
comparing the difference and system GMM results provide a further consistency
check. In general, we think that the difference GMM estimator is more appropriate
as it cannot be ruled out that the first differences of the instrument variables are
uncorrelated with the group fixed effects. Our findings support this hypothesis, as
will be shown in the next chapter. The Windmeijer finite-sample correction for stan-
dard errors was used (Windmeijer 2005). We used the xtabond2 command in Stata,
which was written by David Roodman, and followed the application guidelines in
his accompanying paper (Roodman 2009). Instead of first differencing, forward
orthogonal deviations were used (Arellano and Bover 1995; Roodman 2009), i.e.,
the average of all available future observations was subtracted. This procedure
removes fixed effects, just like differencing, but because lagged observations are not
used, these remain orthogonal to the transformed errors. This way, the number of
observations will not be reduced by gaps in the dataset. As suggested, time dummies
for all years were included in all model specifications (ibid).

For proper usage of the GMM techniques, a number of tests need to be run
to check the consistency of the estimations (ibid.; Efendic et al. 2009). The joint
significance of the variables was evaluated with an F-test, the p-value of which we
expected to be clearly below 0.1 (ibid.). While the first lagged residuals are expected
to be correlated, the twice lagged residuals must not (Arellano and Bond 1991).
Considering the null hypotheses, this means the p-value of the AR1 test in the result
tables was expected to be smaller than 0.1, while the p-value for the AR2 test should
be higher than 0.1 (for significance at the 10 %-level). Furthermore, the Hansen-J
test allows checking if the model specification and all over-identifying restrictions
are correct (Baum 2006). It is suggested that the p-value should be above 0.25 but
at the same time should not perfectly match 1 for this test (Roodman 2009). The
difference-in-Hansen test was used to investigate the exogeneity of instruments. The
null hypothesis is that they are exogenous. Hence, the respective p-values have to be
above 0.1 in order to not reject the null hypothesis. The number of instruments was
chosen to provide robust test statistics. There are no clear rules about the appropriate
number of instruments. However, the number of instruments should always clearly
be lower than the number of observations, which is the case for all our specifications.
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Furthermore, the coefficient of the lagged endogenous variable (production in our
case) should be less than one to obtain a steady state behavior (Roodman 2009),
which is the case in all of the presented models. Finally, the validity of the estimates
can be verified by examining if the coefficient of the lagged dependent variable is
larger than the one obtained by a fixed effects model and smaller than one obtained
by using OLS (Bond 2002). This was the case for all specifications and the FE and
OLS estimates of the lagged dependent variables are reported in the tables.

All the test statistics were fulfilled in all specifications except for two instances:
(1) the first specification for winter wheat, which failed to reject the second order
autocorrelation at the 10 % level but nevertheless did so at the 5 % level; and (2)
the first specification for indica rice, which failed to reject the Hansen-J test and the
difference-in-Hansen test.

Apart from evaluating the production response using the price at a predetermined
point in time, this work aims at analyzing how production responds to prices at
different points in time. Therefore, the regressions were conducted with prices
at different months before and after planting, from 20 months before up to 20
months after planting, and how this changes the results is graphically illustrated.
For this analysis, the second specification is used for all crops as this specification
provides the maximum number of observations while fulfilling all test criteria
and while including the most important variables. This procedure allowed us to
analyze how farmers build their price expectations, in particular whether they used
previous year’s prices around planting or harvesting time or if they used the latest
prices which, under the assumption of efficient markets, incorporate all available
information about supply and demand.

For indica rice, data for the three different seasons were pooled together. Hence,
there is no fixed planting month, but the appropriate planting month was chosen
depending on the season instead. All the other variables were similarly chosen
relative to the month of planting for that season. This means, for example, that the
planting time price is April for early indica, May for middle indica, and July for late
indica rice. Similarly, rainfall during the growing season refers to April and May for
early indica, May and June for middle indica, and July and August for late indica
rice.

All variables were logged, and therefore the effects can be interpreted as
elasticities. The only exception are temperatures, which also exhibited negative
values and are more intuitive to interpret in their non-logged form.

18.4 Results

18.4.1 Basic Regression Results

The results for the production of corn are shown in Table 18.3, for winter wheat
in Table 18.4, and for indica rice in Table 18.5. The first row always shows the
lagged production. Wholesale prices are denoted by WSP followed by the month
or relative time period. The latter are always denoted by the @ symbol and refer to
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Table 18.3 Results for corn production response

(1) (2) (3) (4)

L. Production .807*** .772*** .902*** .956***

(.166) (.143) (.139) (.034)
WSP June .296*** .291*** .226*** .177***

(.077) (.055) (.065) (.05)
Irrigated �.115 20.1** 16.8** 1.61

(.131) (8.12) (8.07) (6.65)
Rain @ growing �.059 �.013 �.076 �7.4e�03

(.063) (.06) (.08) (.033)
A-Temp @ growing �.029* �.095*** �.058* �.014

(.015) (.026) (.029) (.024)
Drought area �.032*** �.033*** �.035*** �.014

(8.6e�03) (9.1e�03) (.01) (.013)
Nonirrigated X rain @ growing .077* .071* .066***

(.045) (.037) (.021)
Irrigated X A-temp @ growing �.067** �.052* �5.3e�04

(.027) (.027) (.023)
Fertilizer @ planting �.203** �.231***

(.074) (.065)
Irrigated X fertilizer @ planting �.182** �.191***

(.068) (.058)
Substitute @ planting .018 6.3e�03

(.027) (.017)
Constant 6.29

(6.9)
Estimator Difference Difference Difference System
Groups 29 29 29 29
Instruments 27 29 28 30
p:F-test 1.7e�19 1.3e�23 1.1e�27 4.0e�37
p:AR1 1.5e�03 1.1e�03 9.9e�04 3.2e�04
p:AR2 .919 .685 .949 .581
p:Hansen-J .291 .326 .286 .535
p:Diff-Hansen .812 .9 .436 1
OLS .988 .991 .985 .985
FE .741 .683 .747 .747
Observations 384 384 296 325

Note: Standard errors in parentheses. WSP: wholesale price; X indicates interaction terms;
A-temp: average temperature; specifications with different explanatory variables for the difference
GMM estimator (1–3); for comparison and robustness checks, the results of the last specification
are also shown for the system GMM estimator (4)
p< 0.10, **p< 0.05, ***p< 0.01
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Table 18.4 Results for winter wheat production response

(1) (2) (3) (4)

L. Production .951*** .951*** .96*** .964***

(.104) (.11) (.087) (.063)
WSP March .338*** .292** .255*

(.116) (.132) (.143)
H-temp @ flowering �.043*** �.044** .061 �.037

(9.6e�03) (.019) (.123) (.122)
Sun @ flowering .156 .081 .124 .196

(.092) (.205) (.207) (.293)
Rain @ planting .054** .045 .04 .047

(.021) (.026) (.042) (.037)
Rain @ growing 3.5e�04 �.045 �.143 �.133

(.032) (.037) (.099) (.091)
Irrigated �.055 �.344 �31.9 �.093

(.483) (.478) (37.2) (26.4)
Drought area �.037** �.026 �.034 �.026*

(.014) (.016) (.02) (.014)
Nonirrigated X rain @ growing �.137 �.177

(.135) (.165)
Irrigated X H-temp @ flowering .105 �1.1e�03

(.125) (.089)
Constant 10.3

(36)
Estimator Difference Difference Difference System
Groups 20 20 20 20
Instruments 26 25 27 29
p:F-test 1.4e�13 2.0e�12 2.0e�14 1.8e�22
p:AR1 8.8e�03 .019 .012 .016
p:AR2 .053 .185 .173 .241
p:Hansen-J .595 .463 .805 .744
p:Diff-Hansen .949 .847 1 1
OLS 1.01 1.02 1.02 1.02
FE .865 .855 .863 .863
Observations 280 249 249 269

Note: Standard errors in parentheses. WSP: wholesale price; X indicates interaction terms;
H-temp: high temperature; specifications with different explanatory variables for the difference
GMM estimator (1–3); for comparison and robustness checks, the results of the last specification
are also shown for the system GMM estimator (4)
p< 0.10, **p< 0.05, ***p< 0.01
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Table 18.5 Results for indica rice production response

(1) (2) (3) (4)

L. Production .913*** .914*** .778*** .911***

(.07) (.055) (.112) (.081)
WSP @ planting .196*** .181*** .163** .241**

(.067) (.054) (.061) (.094)
Rain @ growing .053* .152 .115 .425

(.027) (.139) (.178) (.284)
Sun @ growing .174*** .167*** .142* .023

(.061) (.05) (.074) (.117)
H-temp @ growing �.024** �.026*** �.039*** .019

(.01) (8.5e�03) (.013) (.03)
Irrigated .356 .323 1.06

(.521) (.674) (.731)
Nonirrigated X rain @ growing .294 .262 .691

(.287) (.346) (.495)
Drought area �4.9e�03 �1.4e�03 4.6e�03

(8.8e�03) (8.0e�03) (.012)
Fertilizer @ planting .032 �.048

(.078) (.058)
Substitute @ planting .018 .04

(.032) (.048)
Constant �4.51

(9.08)
Estimator Difference Difference Difference System
Groups 41 39 39 39
Instruments 20 23 22 24
p:F-test 2.8e�16 3.2e�20 1.2e�15 1.0e�22
p:AR1 .073 .098 .118 .096
p:AR2 .174 .171 .142 .138
p:Hansen-J .153 .341 .409 .24
p:Diff-Hansen .088 .102 .227 .569
OLS .997 .998 .994 .994
FE .727 .722 .551 .551
Observations 548 503 394 433

Note: Standard errors in parentheses. WSP: wholesale price; X indicates interaction terms;
H-temp: high temperature; specifications with different explanatory variables for the difference
GMM estimator (1–3); for comparison and robustness checks, the results of the last specification
are also shown for the system GMM estimator (4)
p< 0.10, **p< 0.05, ***p< 0.01
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the planting, growing, flowering, or harvesting season of the crop. Average and high
temperatures are written as A-temp and H-temp, respectively. Interaction terms are
indicated by an X, while the prices of competing crops are presented as substitute.
The bottom part of the tables shows which estimator was used; the test statistics;
and the number of groups, instruments, and observations.

The results for corn, illustrated in Table 18.3, show that all specifications seem
to be valid based on the provided test statistics. A significant amount of variation
in production can be explained by the previous year’s production (which also takes
into account unobserved variables). The coefficient ranges from 0.772 to 0.956 and
is significant at the 1 % level in all specifications. The wholesale price in June turned
out to be also always highly significant and had a major contribution, as evident in
its elasticity of around 0.2. This implies that a 1 % increase in prices will lead to
a 0.2 % increase in production, which seems reasonable and is comparable to the
results obtained by similar studies. The fraction of irrigated area is only significant
in two specifications but has a huge impact in both. However, it is only significant for
the difference GMM specifications that included the interaction terms, which could
possibly be attributed to collinearity in these variables (their correlation coefficient
is �0.79 for corn, �0.17 for wheat, and �0.46 for rice). In addition, the total effect of
irrigation is the elasticity of irrigation plus the interaction term of irrigation with the
average temperature. The interaction term takes the value of �20.69 at the sample
mean for the second specification, resulting in a combined marginal effect of �0.59.
Despite corn needing rainfall during the growing season, the rainfall variable did
not seem to have any significant effect on the corn production. However, corn needs
little water compared to other staples and in particular vegetables. As mentioned in
Sect. 18.2, the irrigation variable measures the total cultivated area under irrigation.
This may not be a good proxy for the actual irrigated crop areas; in particular, it
is not a measure of crop-specific irrigation. Furthermore, the quality of irrigation
is not reflected in this variable. Moreover, considering rainfall variability and water
availability, the quality of irrigation may change drastically over time. Therefore,
the influence of irrigation can only be approximated, and thus it is unsurprising that
no effect was found in many of the specifications (when compared with wheat and
rice).

High average temperatures during the growing season, which is in mid-summer,
have a small but significant negative impact. When interacted with the nonirrigated
area (i.e., the fraction of the agricultural area which is not irrigated), we found
that rainfall during the growing season became significant. As expected, rainfall
had a positive influence on production, albeit a small one. When interacted with
irrigation, high average temperatures are negative and significant for the difference
GMM specification. This differs from our expectations but might be explained by
the imprecise approximation of irrigation or by high temperatures offsetting the
benefits of irrigation. As expected, the drought area had a significant and negative
influence in all but the system GMM specifications. High fertilizer prices at planting
time reduced the total production; again, this effect seems to be more pronounced
in provinces with a high share of irrigated area. This may be attributed to the fact
that levels of fertilizer application are usually much higher on irrigated areas, which
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may therefore be over-proportionally affected. Prices of competing crops turned out
to be insignificant, despite testing various ways of including them in the analysis,
such as using the province-specific main competing crop only or a weighted average
of competing crops.

For winter wheat, presented in Table 18.4, the previous year’s production was
again the most important driver and consistently significant at the 1 % level.
Wholesale prices in March had a similar positive and significant effect, as for
corn. The elasticity is around 0.29, even slightly higher than for corn. The first
specification did not include any prices to ascertain if there are any changes when
more observations are included. This is because the number of observations for
winter wheat is relatively low compared with corn and rice. The amount of sunshine
at flowering (around two months before harvesting) is insignificant. From the
literature, wheat is expected to require much sunshine during this period (FAO
2015). Furthermore, much rain is needed during and shortly after planting as well
as during flowering and yield formation (ibid.). The positive influence of rainfall
during and after planting can be observed in the first specification only. Rainfall
during the growing season and its interaction term with the nonirrigated area are
always insignificant. This might be a result of data aggregation, as explained above.
The irrigated area seems to have no effect, but this may be attributed to the poor
approximation of irrigation, as explained above. The drought area has a significant
negative impact in two specifications, again albeit with a very small effect. The
expected negative effect of overly high temperatures during flowering time vanished
once the interaction term with irrigation is included. Then, both terms became
insignificant. Fertilizer prices and prices of competing crops had no significant effect
but reduced the number of observations significantly. Therefore, they are not shown
separately but are available upon request.

Similar to corn and wheat, lagged production was the most important driver of
indica rice production, as illustrated in Table 18.5. The effect of the wholesale price
is similar to the case of corn; it was always significant and had an effect size of
around 0.2. Rain during the growing season, a large amount of which is required
to flood rice paddy fields, was positive but only significant at the 10 % level in
one specification. But as explained before, this might be a result of aggregating
rainfall data across the provincial level. The results did not change when we included
squared rainfall. Even when interacted with the nonirrigated area, the rainfall stayed
insignificant. The irrigated area itself is insignificant, which, as detailed before,
might be attributed to the poor proxy used for irrigation. For sunshine, we found
that a 1 % increase in the number of hours of sunlight increased the production by
around 0.16 % in all the difference GMM specifications. Similarly, the damaging
effect of overly high temperatures during the growing season can be observed in all
difference GMM specifications. The drought area, fertilizer prices, and the prices of
competing crops all turned out to be insignificant. The underlying reasons might be
that the costs of switching crops from rice are relatively high and that rice needs a
comparatively small amount of fertilizer per unit of output.



448 J. Brockhaus et al.

Overall, our results were mostly comparable to other similar studies. In a non-
crop specific analysis, Ghatak and Seale (2001) found that price elasticity was
between 0.174 and 0.394, which is similar to ours. Looking only at the national
level, own price elasticities of 0.23 for rice, 0.052 for wheat, and 0.164 for corn have
been reported (Haile et al. 2015). Our results for rice and corn were comparable,
whereas we found a higher price response for wheat. For Henan, Yu et al. (2011)
found no significant response for wheat but a surprisingly high elasticity of 0.737
for corn. However, according to the study, the elasticities of competing crop prices
were also high and significant. They also reported that rainfall increased winter
wheat production when considering the total effect on area and yield. For corn,
they found that rainfall had no effect, which is consistent with our results if only the
non-interacted rainfall is considered, as in the study by Yu et al.

18.4.2 Impact of Prices on Production During theMarketing Year

As explained in Sect. 18.3, one of the aims of this chapter is to analyze how
production reacts to prices at different points in time. Therefore, the regressions
with same specifications were run for prices at different months before and after the
planting time. For all other variables, the values used remain the same as before.
The results are depicted in Fig. 18.1 for corn, in Fig. 18.2 for winter wheat, and in
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Fig. 18.1 Explanatory power of the wholesale prices over time for corn production
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Fig. 18.2 Explanatory power of the wholesale prices over time for winter wheat production

Fig. 18.3 for indica rice. The figures show the coefficients and the 95 % confidence
intervals; the statistical significance of the response can be inferred from the figures.
The further the distance between the bars and the y D 0 line, the higher the level of
significance. If the y D 0 line is included in the bars, the coefficient is not statistically
significant at the 5 % level. The months before or after planting are depicted on the
x-axis of the graphs.

Prices far before or after planting did not have much explanatory power for all
crops; hence they do not influence production strongly. However, prices around
planting time are usually highly significant and, at least for corn and rice, also have
the highest coefficient. For rice, prices are significant in a few months far before
planting, which may be attributed to the high level of autocorrelation. Nevertheless,
both the level of significance and the coefficient increased and reached their highest
level around planting time. Both rice and corn have a relatively short growing time—
about 2–6 months—compared to wheat. This explains why prices during planting
period were very important as farmers chose their area and had only little time
afterwards to influence yields. Particularly for rice, the beginning of the growing
season is highly important and a lack of water cannot be compensated for at a later
stage. The finding of a decreased level of significance and lower coefficients a few
months after planting is therefore consistent with our expectations. For wheat, the
graph looks different: the level of significance as well as the size of the coefficient
increased even after planting and reached their highest levels around 6–8 months
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Fig. 18.3 Explanatory power of the wholesale prices over time for indica rice production

after planting. This can be explained by the different growing patterns, i.e., wheat
grows for about 7–9 months after it is planted. Furthermore, the most sensitive
phase of the crop is the flowering and yield formation period, whereby the wheat
plant is very sensitive to water and temperatures (FAO 2015). This period is around
65–15 days before the harvest. As a result, it is crucial how farmers take care of
their crops during this time period, while the establishment, tillering, and winter
dormancy periods are of minor relevance (ibid.). Considering this, it matches our
expectations that prices around 6 months after planting are very important for yield.
For area however, prices at planting time should be the crucial factor. Although
without making a distinction between area and yield, it is not possible to draw
further conclusions about this.

Comparing the different crops, we found that farmers seem to react earlier
to corn prices than the prices of winter wheat and indica rice. Rice showed the
lowest response to prices, which might be a result of relatively high costs of area
reallocation. For all crops, prices remained highly significant for a while after
planting. This indicates that not only area but also yield respond to prices, regardless
of whether it is due to fertilizer or pesticide application, irrigation, or other factors.
For prices at harvesting time and thereafter, this method suffers from endogeneity
problems as it is no longer clear if prices drive production or vice versa. Therefore,
this method is only robust for the time before harvesting.



18 When Do Prices Matter Most? Rice, Wheat, and Corn Supply. . . 451

A clear result of this analysis is that farmers, at least on average, do not mainly
take into account previous year’s planting or harvesting prices but rather consider
current prices around planting time to be the more important. This is at odds with
naïve and Nerlovian price expectation models, which use lagged harvest prices for
estimating production decisions. Economically, it makes sense to use current prices
as they include more information about the demand and supply situation than last
year’s prices.

Additional graphs which show the significance (p-values) of the supply response
over time for all crops and both estimators are shown in the appendix (Figs. 18.4
and 18.5). For these and the subsequent graphs, model specification two was used
for all crops, and only the prices were varied over time while all other explanatory
variables were kept the same. As expected, these graphs show a U-shaped curve with
more or less distortions depending on the crop and estimator. Figures 18.6 and 18.7
show the same results for corn while also illustrating the results for other variables:
Fig. 18.6 for the difference GMM estimator and Fig. 18.7 for the system GMM
estimator. These graphs again support our hypothesis that the difference GMM
estimator performs better than the system GMM estimator. The fluctuations of the
system GMM results were much higher, particularly for winter wheat and indica
rice as shown in Fig. 18.5. Furthermore, the fluctuations of the non-price variables
were also much higher, as indicated in Fig. 18.7. In general, the period up to which
prices are significant extended further after planting for the difference GMM, while
in the case of winter wheat the period also started before planting.

This method of investigating prices at different points in time may also be used
for general model specification tests. For a robust model, we expect the significance
of the tested variables to consist of low-frequency components, which implies that
there are only slow and smooth changes. The occurrence of big fluctuations in
a specification, in particular if some variables constantly alternate between being
insignificant and significant, suggest that the specification is not robust. Figure 18.5
and in particular Fig. 18.7 accordingly indicate that the system GMM specification is
less consistent than the difference GMM specification. However, the system GMM
fluctuations may still be acceptable; for problematic specifications, much higher
fluctuations can easily be observed. Interestingly, prices around 2–5 months before
planting time seem to have such a high explanatory power in the case of the system
GMM that all other variables apart from the lagged production became insignificant
(Fig. 18.7). This is an indication that prices before planting might be the most
important factor influencing final production. Examining the area and yield response
separately could shed more light on this issue. Overall, the price response and the
response to other variables were consistent with our expectations, even though many
variables turned out to be insignificant.
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18.5 Conclusion

The corn, winter wheat, and indica production response for the main agricultural
provinces in China was analyzed using the difference GMM estimator and, for
comparison, the system GMM estimator. The major findings include the following:
(1) All crops strongly responded to prices at planting time. (2) The price response
of corn and wheat was higher than rice. (3) While prices shortly before and after
planting period had very high explanatory power, prices further away from planting
period had lower coefficients and were mostly insignificant. (4) Wheat was an
exception in the sense that its prices were highly significant long after planting
and showed large coefficients, which could be attributed to wheat’s long growing
period and the crop’s sensitivity 1–2 months before harvest. (5) High temperatures
negatively influenced production for all crops, which may become problematic in
the future due to climate change impacts. (6) Irrigation was measured poorly and
therefore may have limited the significance of the results; nevertheless the results
indicated that irrigation may partly help to mitigate a shortfall in rainfall but cannot
(fully) compensate for the negative effects of high temperatures. (7) Fertilizer prices
had a negative impact on corn production only.

In general, the difference GMM estimator seems to perform better than the
system GMM estimator. The presented method to analyze the importance of prices
at different points in time may also be used for general model specification tests if
data on explanatory variables is available at a sufficiently high frequency.

The mixed evidence regarding the role of weather events and irrigation in
affecting production could be due to the use of province-level data, which might be
too aggregated to study spatially differentiated weather impacts. On the other hand,
the panel data contained observations obtained over time, which is an important
advantage over cross-sectional farm-level data, in particular when studying the
role of determinants with little spatial dispersion (such as prices). The analysis of
prices for production, one of the main contributions of this chapter, could only be
undertaken with the help of a panel data set over multiple years. Not only do the
findings indicate that farmers use up-to-date price information when making their
production decisions, but the month-specific price elasticities also highlight when
the Chinese agricultural sector can best respond to price spikes and scarcities. As
the price elasticities ranged from 16 % (rice) to 34 % (wheat), increasing domestic
demand can be met to a substantial extent by supply expansion – provided that prices
are suitable signals about supply and demand conditions.
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19Consistency Between Theory and Practice
in Policy Recommendations by International
Organizations for Extreme Price and Extreme
Volatility Situations

Maximo Torero

19.1 Introduction

Food prices have increased significantly in the past few years, with particularly sharp
spikes seen during the 2007/08 season (see Fig. 19.1). There is some agreement
on the causes of such price increases: (a) weather shocks that negatively affected
agricultural production; (b) soaring energy and fertilizer costs; (c) rapidly growing
income in developing countries, especially in China and India; (d) the devaluation
of the dollar against most major currencies; (e) increasing demand for biofuels;
and (f) changes in land use patterns. While there is no consensus on the relative
importance of each of these culprits, it is widely agreed that most of these factors
will further increase food prices in the medium and long run. Prices may become
more volatile as well, as evidenced by the subsequent food crisis in 2010. Climate
change will induce more weather variability, leading to erratic production patterns.
Moreover, the volatile nature of the market is likely to induce possible speculation
and exacerbating price spikes. Additionally, in an effort to shield themselves from
price fluctuations, different countries may implement isolating policies, further
exacerbating volatility.

Looking at the volatility at global level is important because, although the food
price spikes of 2008 and 2011 did not reach the heights of the 1970s in real terms
as shown in Fig. 19.2, price volatility—the amplitude of price movements over a
particular period of time—has been at its highest level in the past 15 years.

High and volatile food prices are two different phenomena with distinct implica-
tions for consumers and producers as detailed in Torero (2012). Finally, increased
price volatility over time can also generate larger profits for investors, drawing
new players into the market for agricultural commodities. Increased price volatility
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Fig. 19.1 FAO food price index. Source: FAO
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may thus lead to increased—and potentially speculative—trading that in turn can
exacerbate price swings further.

This situation imposes several challenges. In the short run, the global food supply
is relatively inelastic, leading to shortages and amplifying the impact of any shock.
The poorest populations are the ones hit the hardest.1 As a large share of their

1There is a general concern that increasing food prices has especially adverse effects on the poor.
However, until recently, there was no rigorous evidence of this. On the one hand, there would most
probably be negative effects on poor urban consumers who spend a considerable portion of their
budget on food. But on the other, there are gains to farmers who benefit from increased prices for
their output. In general, this impact depends on whether the gains to net agricultural producers
are larger than the losses to consumers. Directly dealing with this issue, Ivanic and Martin (2008)
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income is already being devoted to food, the poor will likely be forced to reduce their
(already low) consumption. Infants and children may suffer lifelong consequences if
they experience serious nutritional deficits during their early years. Thus, the short-
term priority should be to provide temporary relief for vulnerable groups.

In the long run, the goal should be to achieve food security.2 The drivers that
have increased food demand in the last few years are likely to persist (and even
expand). Thus, there will be escalating pressure to meet these demand requirements.
Unfortunately, increases in agricultural productivity have been relatively meager
in recent years. In this line, “the average annual rate of growth of cereal yields
in developing countries fell steadily from 3 % in the late 1970s to less than 1 %
currently, a rate less than that of population growth and much less than the rise of
the use of cereals for other things besides direct use of food” (Delgado et al. 2010,
p 2).

There is a wide array of options to achieve these short- and long-term objectives,
and there are no one-size-fits-all policies. Most policies come with significant trade-
offs, and each government must carefully weigh the benefits and costs they would
face. For example, governments might try to make food more readily available by
reducing food prices through price interventions. While this policy might achieve
its short-term goal, it can potentially entail fiscal deficits and discourage domestic
farmers’ production. Other policies not only have domestic consequences but can
entail side effects for other countries. In their efforts to insulate themselves from
international price fluctuations, some countries might impose trade restrictions; if
a country is a large food exporter, the government might impose export taxes,
quantitative restrictions, or even export bans. Albeit increasing domestic supply and
lowering national prices, these policies would reduce the exported excess supply,
induce even higher international prices, and hurt other nations. In addition, the
“right” policies depend on the particular institutional development of a country.
Middle-income countries might already have safety networks for vulnerable popula-
tions which can trigger prompt aid to those most in need in times of crisis. However,
countries with lower incomes do not have such mechanisms readily available.
Finally, the effectiveness of different policies will vary depending on the market
characteristics of the commodity in which the government is intervening (i.e., the
market structure for wheat is very different from that of rice, which is different from
that of soybeans, etc.).

In this regard, this chapter describes some of the most important policies of
the International Organizations like the World Bank, IFAD, AFD, and the IADB
have prescribed to different countries during the food crisis of 2007/08. The

and Ivanic et al. (2011) find that the food crisis has led to significant increases in poverty rates in
developing countries.
2Food security is a situation in which “all people at all times have physical and economic access to
sufficient, safe and nutritious food to meet their dietary needs, and food preferences for an active
and healthy life” (World Food Summit 1996). Even when increases in food production are not a
sufficient condition for food security, they are indeed a necessary condition thereof (von Braun
et al 1992).
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understanding of such policies is important for at least three reasons. First, food
crises are very sensitive episodes that affect the basic needs of entire populations,
especially those of the world’s poorest countries. As such, they require timely and
sensible measures. Second, increasing food prices and price volatility are likely to
remain an important challenge in the medium and long run. Third, food policies are
usually complex; they need to be assessed to consider their domestic impact, the
trade-offs that they entail with respect to other objectives, their consequences for
other countries, and their feasibility in particular contexts.

This chapter is divided into five sections (excluding the introduction). The second
section analyzes a series of policies recommended by international organizations
during the 2007/08 crisis and the policies recommended at the G8 Meeting of
Finance Ministers in Osaka, June 13–14, 2008. The third section analyzes the
policy recommendations which came out after the 2007/08 crisis and which were
the result of research work done by the same international organizations. First,
some short-term policies are analyzed in which two mechanisms are emphasized:
support for the poor and price stabilization (with an emphasis on trade restrictions
and food reserves). Second, medium- and long-term policies to increase agricultural
productivity, through productivity gains and elimination of postharvest losses, are
discussed. The fourth section describes specific loans and policies prescribed for
selected countries during the 2007/08 food crisis. It analyzes their consistency
and cohesiveness when contrasted with the general policies that some International
Organizations formally recommended as well as with those policies that were rec-
ommended after 2008. The final section summarizes and presents some concluding
remarks.

19.2 Proposed Policies and the G8 Summit

In this section, a detailed description of the policies officially proposed and the
G8’s document prepared for the Ministers of Finance Meeting in 2008 (Table 19.1
presents a summary of all these policies) are presented. These policies can be
classified either as short-term policies or as medium- and long-term policies.
Specifically, within the short-term policies, we identify two groups of policies:
(a) short-term support for the poorest and (b) price stabilization policies.

19.2.1 Short-Term Policies (Social Protection and Trade Policies)

19.2.1.1 Short-Term Support for the Poorest
Governments’ short-term objective is to increase access to food, especially for the
most vulnerable shares of their population. In this sense, policies should provide
targeted short-term subsidies to those in the most distress. Countries that already
have Targeted Cash Transfer (TCT) and Conditional Cash Transfer (CCT) programs
in place can scale them up and increase the subsidies they provide (World Bank
2008). TCTs provide additional income to poor households with children or disabled
or elderly members. CCTs provide the same benefits but are contingent on some
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conditionality (which usually encompasses an educational, nutritional, or health
requirement). These approaches of cash transfer constitute first-best responses for
several reasons: (a) they prioritize assistance for targeted groups, (b) they do not
entail additional costs of food storage and transportation, (c) they do not distort
food markets, and (d) in the case of CCTs, they explicitly prevent human capital
deterioration. However, there is an important shortcoming to these approaches:
countries with weaker administrative capacity—which are usually those most
affected by food crises—are less likely to have implemented any TCTs or CCTs.3

In this line, Delgado et al. (2010) argue that “it is essential that during noncrisis
years, countries invest in strengthening existing programs—and piloting new ones—
to address chronic poverty, achieve food security and human development goals, and
be ready to respond to shocks.”

When TCTs and CCTs are not available, governments may implement other
types of assistance programs. First, school feeding (SF) programs might be useful
to relieve child malnourishment. However, they are usually ineffective to combat
infant malnutrition (when adequate nutrition is most needed), unless food consumed
at school can be complemented with take-home rations for younger siblings.
Additionally, SF relies on geographic rather than household-specific targeting and
entails food storage and distributions costs. Food for Work (FfW) programs are a
second option. These are easier to implement and are (in principle) self-targeted:
they provide low wages so only poor people should be interested in participating.
However, in very poor regions, the vast amount of unemployed and underemployed
may lead to considerable leakages and distortions in the labor market (Wodon and
Zaman 2008). Also, only a portion of the funds allocated to these programs directly
cuts poverty. Beneficiaries leave other jobs to participate in them; thus, the benefits
of FfW are not the whole wages they provide, but only the differential income (with
respect to the previous job). These programs might create distortions in the labor
market. Finally, governments can also provide direct food aid. However, there is
no guarantee that this aid can be effectively targeted toward the most vulnerable
populations. Furthermore, food aid may become an entitlement and might result in
long-term fiscal problems.

19.2.1.2 Price Stabilization Policies
Support programs for the poorest might not be easily implemented during food
emergencies because they take time to be put into action. At the very least, they
require a distribution network and plenty of logistical coordination. This forces
governments to implement other policies to shield their population from food emer-
gencies. Moreover, even when technically sound schemes such as CCTs are readily
available during a crisis, some countries might still try to pursue more widespread

3For example, these policies might be more suitable for medium-income countries, such as in Latin
America. World Bank—LAC (2008, Table 8) documents 17 countries with CCTs and 18 countries
with Targeted Nutritional or Social Assistance Programs.
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measures for political reasons.4 Constituencies (and, in general, populations) are
very sensitive to food prices, and governments may fear opposition, turmoil, or
even being ousted. For example, Burkina Faso suspended import taxes on four
commodities after the country experienced riots over food prices in February 2008.
Other countries that experienced riots during the 2007/08 crisis were Bangladesh,
Cambodia, Cameroon, Côte d’Ivoire, Egypt, Indonesia, Mauritania, Senegal, and
Yemen (Demeke et al. 2008).

In this light, many countries try to stabilize prices through trade policies and
management of food reserves. The specific trade-offs imposed by these mechanisms
will be discussed subsequently. In general, they are not first-best options: countries
use scarce resources to reduce general prices, effectively subsidizing both the poor
and the nonpoor5 and creating potentially pervasive market distortions. However,
countries with no other means or with politically unstable regimes may have few
other options to cope with food emergencies.

19.2.2 Medium- and Long-Term Policies

Short-term responses mainly deal with demand problems as consumers—and
especially the poor—are hard-hit. However, short-term policies that help consumers
might be detrimental for producers and for market development in the long run. For
example, export taxes on wheat in Argentina help decrease consumer prices, but also
disincentive production. As suggested by a newspaper article, “with scant incentive
to produce, farmers have slashed the land sown with wheat to a 111-year low, and
cereal exports from the rolling pampas of what should be a breadbasket country
have virtually halved over the past 5 years. Wheat farmers in Argentina have turned
to other crops, such as soybean, while some international investors, who are critical
to the flow of money into capital-intensive agriculture, have left the country and
turned to Uruguay, Paraguay, and Brazil”.6 While acknowledging the importance of
short-term responses to food crises, these responses should be chosen to minimize
any long-term adverse effects on agricultural supply.

4As suggested by HDN and PREM (2008), “effective nutritional and social protection interventions
can protect the most vulnerable from the devastating consequences of nutritional deprivation, asset
depletion and reductions in education and health spending. Policy responses need to balance
political economy considerations that call for measures to help a broad swath of the affected
population, with the urgency of protecting the very poor.”
5Wodon and Zaman (2008) posit the following argument: “Consider the share of rice consumption
in the bottom 40% of the population. This share varies from 11% in Mali to 32% in Sierra Leone.
This means that if one considers the bottom 40% as the poor, out of every dollar spent by a
government for reducing indirect taxes on rice, and assuming that the indirect tax cuts result in a
proportionate reduction in consumer prices, only about 20 cents will benefit the poor on average.”
6“Argentina’s farmers unable to fill the wheat gap,” Financial Times, August 10th, 2007. Link:
http://www.ft.com/intl/cms/s/0/910f25ac-a4a8-11df-8c9f-00144feabdc0.html#axzz1vXMMOjP5

http://www.ft.com/intl/cms/s/0/910f25ac-a4a8-11df-8c9f-00144feabdc0.html#axzz1vXMMOjP5
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Long-term policies that expand food availability are becoming increasingly
important.7 Agricultural demand has experienced large expansions in recent years—
even above that regularly imposed by population growth—due to rapidly growing
incomes in developing countries (such as China and India) and rising demand of
food for biofuel production in developed countries.8 As these patterns are likely to
persist, there is a need to increase agricultural supply in order to keep up with the
additional demand.9

There are two main policies targeted toward increasing food production. The rate
of growth of the yields of major crops has been declining steadily since the 1970s.
Thus, on the one hand, there is the need to enhance the productivity and resilience
of major crops. Yet many challenges will make this a daunting task. Availability of
fertile land will be limited by increasing urbanization, salinization, erosion, and
degradation. Water will also become scarcer. Additionally, climate change will
most certainly have an adverse effect on agricultural production through erratic
rainfall, pest proliferation, and crop failure. Thus, any policy to increase agricultural
productivity should address these complex obstacles.

On the other hand, supply can also be expanded through the enhancement of
postharvest practices. Between harvest and consumers’ access to food, agricultural
production goes through many stages: product processing, storage, handling, trans-
portation, and distribution. In each of these phases, there are production losses. For
example, grains molder with improper storage technologies and facilities, as well as
poor roads, preventing food from reaching markets. Albeit complementary, even in
the absence of productivity gains, better postharvest practices can have a significant
impact on food availability.

19.3 Policies Recommended After 2008

19.3.1 Short-Term Policies

19.3.1.1 Trade Policies
When faced with increasing food prices, net food exporters can impose export
taxes or bans. While lower prices hurt local producers, these policies do benefit

7Examples of other policies in the long run are: production and price insurance for farmers;
provision of other public goods for rural areas (such as education and health services); policies for
water basin management; technology improvements for rainfed land (water capture infrastructure,
practices for water retention in soil, etc.); strengthening of producer organizations; etc. Certainly,
these are also important policies. However, for the sake of brevity, they are not mentioned here.
8Mitchell (2008) estimates that about 70–75 % of food price increases were due to rising food
demand for biofuel production.
9As suggested by the World Bank’s South Asia Region report (2010), “the food crisis is by no
means over : : : There is growing agreement that a two-track approach is required, combining
investments in safety nets with measures to stimulate broad-based agricultural productivity growth,
with major emphasis on major food staples.”
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domestic consumers and boost the revenue of governments enacting them. Thus, it
is not surprising that many food-producing countries enacted some form of export
restriction during the 2007/08 food crisis. Demeke et al. (2008) surveyed different
government policies in 81 developing countries and found that 25 of them either
banned exports completely or increased export taxes.

Analogously, net food importers can decrease their tariffs (or even subsidize
imports) to buffer the impact of rising international food prices. At least in the
short run, these policies are able to temporarily reduce internal prices; however, they
also have domestic side effects (see Table 19.1). Some argue that tariff reductions
might not have been effective in shielding importing countries from the 2007/08
food crisis. FAO et al. (2011) argue that “the scale of price increases was such that
for many countries reducing import tariffs had relatively modest impact because
the initial tariffs were low or the scale of the price increases was so large. In
any event, this instrument was quickly exhausted as tariffs were reduced to zero”
(p. 14). Additionally, tariff reductions diminish governments’ revenue, leaving them
with fewer resources with which to palliate the impact of food price increases.
The situation might be especially serious when there are few alternative sources
of revenue (e.g., weak tax collection, large informal sector, etc.). Eventually, this
could lead to serious fiscal deficits.

These strategies should not entail any consequences for international markets if
only small countries implement them. These countries’ food exports or imports are
not substantial relative to international trade, and they are mostly price takers on the
world markets. However, trade policies of large food exporters or importers do effec-
tively affect international supply or demand of a commodity. When large exporters
impose export restrictions during a food emergency, they tighten the already short
supply abroad and further increase international prices. In a similar fashion, as
large food importers reduce their tariffs, they increase internal consumption, fueling
global demand and generating further escalations of food prices in external markets.
If exporting and importing countries both follow these strategies, their efforts to
insulate themselves might cancel out each other’s efforts.

Martin and Anderson (2011) describe this phenomenon on the international mar-
ket for a certain commodity. Initially, there is excess supply from world’s exporters
and excess demand from importers. The authors then consider an exogenous shock
that reduces production in some exporting countries. In the absence of any trade
policy, this shock changes the balance between supply and demand. If a large
exporting country tries to avoid an increase in domestic prices and imposes a tax
on exports, this further reduces the excess supply and leads to higher international
prices. If a large importing country retaliates and reduces its tariffs to exactly
offset the trade policy imposed by the large exporter, this would increase global
excess demand. The final outcome in this scenario is that the traded quantity and
price in both countries would be the same as before either policy was enacted.
However, other countries around the world would be worse off, as the final price
on the international market would soar. This can eventually give other countries
the incentive to impose similar policies, leading to a trade war of import tariffs
and export taxes. As Martin and Anderson (2011) suggest, “insulation generates a
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classic collective-action problem akin to when a crowd stands up in a stadium: no
one gets a better view by standing, but any that remain seated gets a worse view.”

So to what extent should countries implement such policies and impose beggar-
thy-neighbor consequences upon others? There is no consensus in this respect. On
one hand, Timmer (2010) analyzes the implications of trade restrictions on rice
markets during the 2007/08 food crisis and finds that stabilizing domestic prices
using domestic border intervention could be an effective strategy to handle food
crises. Timmer argues that unstable demand and supply needs to be accommodated
somehow, and that passing this responsibility to the international market may be the
most fair and successful way to do so.

On the other hand, Anderson and Nelgen (2012) advise against any trade
restrictions, using a model of supply and demand for the market of a particular
commodity. Their results are presented in Tables 19.2 and 19.3. Table 19.2, not
surprisingly, shows that trade restrictions did boost international food price increases
between 2006 and 2008.10 Yet the results also suggest that everyone should take part
of the blame for this: the policies of both exporting and importing countries, and
both developing and high-income countries, fueled the price increases. Table 19.3
compares the changes in international prices that would have taken place without
trade interventions with effective domestic prices. All in all, their estimates show
that these policies had a very heterogeneous impact for different countries and
commodities. On average for all countries, domestic wheat prices increased more
than adjusted international prices. These policies were somewhat more effective for
other crops, but overall their effect was not large: 2 % for maize and 12 % for rice.

Anderson and Nelgen (2012) advise governments to refrain from imposing
insulating trade policies because they amplify price increases and, moreover, are not
always effective. Theoretically, small countries cannot affect international markets
individually by changing their trade policies. However, Anderson and Nelgen (2012)
claim that if many small countries do so simultaneously, it can have an aggregate

Table 19.2 Contributions of high-income and developing countries, and of importing and
exporting countries, to the proportion of the international price change that is due to policy-induced
trade barrier changes, 2006–08a

Total
proportional
contribution

High-income
countries’
contribution

Developing
countries’
contribution

Importing
countries’
contribution

Exporting
countries’
contribution

Rice 0.40 0.02 0.38 0.18 0.22
Wheat 0.19 0.09 0.10 0.07 0.12
Maize 0.10 0.05 0.05 0.03 0.07

aTaken from Anderson and Nelgen (2012), Table 7

10Their findings are qualitatively consistent with those of Bouët and Laborde (2010). Their
calculations are based on a multicountry general equilibrium model for wheat. They show how
price increases are amplified by both tariffs and export taxes.
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Table 19.3 Comparison of the domestic price with the rise in international grain prices net of
the contribution of changed trade restrictions; rice, wheat, and maize, 2006–2008 (% unweighted
averages)a

International price rise Domestic price rise
Incl. contribution
of changed trade
restrictions

Net of contribution
of changed trade
restrictions

All
countries

Developing
countries

High-income
countries

Rice 113 68 56 48 74
Wheat 70 56 77 65 81
Maize 83 75 73 62 82

aTaken from Anderson and Nelgen (2012), Table 8

sizeable impact. In this line, they argue that trade restrictions and reduction of import
tariffs should be discouraged across the board.

To analyze this last point, Table 19.4 shows the shares of imports and exports
for soybean, rice, wheat, and maize by region (following the World Bank classi-
fication)11 in 2004, before the food crisis. We posit that Anderson and Nelgen’s
results (in Tables 19.2 and 19.3) seem to hide very large disparities within their
“exporting,” “importing,” “developing,” and “high-income” labels. For example,
estimates in Table 19.2 show the impact of trade restrictions on the increase of the
international price of rice to be around 40 %; 38 % is from developing (with the
remaining 2 % from high-income countries) and 18 % is from importing countries
(and the remaining 22 % from exporting countries). From the export side, Thailand,
India, and Vietnam—which account for 65 % of all rice exports—imposed trade
restrictions. From the import side, important importers such as the Philippines and
other Asian countries were concerned about a potential shortage and reduced their
tariffs. Policies enacted by these large players exemplify how trade restrictions can
lead to significant price spikes. However, from the evidence presented in Tables 19.2
and 19.3, it is unclear if trade restrictions by smaller countries would entail serious
consequences for international markets. For example, Sub-Saharan Africa accounts
for 0.1 % of rice exports worldwide. Excluding Nigeria, South Africa, Côte d’Ivoire,
and Ghana, the share of all other Sub-Saharan African countries was only 10.7 %
of worldwide rice imports. It is reasonable to believe that, even if all nations in
this region changed their trade policies, there would not be a sizable impact on the
international rice market.

While economists tend to be more critical of the use of import barriers as creating
instability in world markets, they frequently applaud import barrier reductions
undertaken in the same context. There may be some basis for this support if the
reduction is believed to be permanent once undertaken. If, however, it is undertaken
purely on a temporary basis as a way to reduce the instability of domestic prices, the
effects on the instability of world prices are clearly quite symmetric. From a policy

11See http://data.worldbank.org/about/country-classifications/country-and-lending-groups

http://data.worldbank.org/about/country-classifications/country-and-lending-groups
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Table 19.4 Share of exports and imports by region and selected countries for soybeans, maize,
wheat, and rice (2004)

1.A: Soybean exports, 2004
Exports (US$, thousands) Share (%)

High income 7,563,204 48.5
United States of America 6,692,040 42.9
All others 871,164 5.6

East Asia & Pacific 161,858 1.0
Europe & Central Asia 17,518 0.1
Latin America & Caribbean 7,827,815 50.2

Brazil 5,394,910 34.6
Argentina 1,740,110 11.2
All others 692,795 4.4

Middle East & North Africa 315 0.0
South Asia 897 0.0
Sub-Saharan Africa 7144 0.0
Others 5101 0.0
Total 15,583,852 100.0
1.B: Soybean imports, 2004

Imports (US$, thousands) Share (%)
High income 8,035,760 41.0

Japan 1,774,620 9.1
Netherlands 1,504,200 7.7
Germany 1,129,570 5.8
All others 3,627,370 18.5

East Asia & Pacific 8,935,462 45.6
China 7,680,418 39.2
All others 1,255,044 6.4

Europe & Central Asia 252,591 1.3
Latin America & Caribbean 1,693,014 8.6

Mexico 1,107,990 5.7
All others 585,024 3.0

Middle East & North Africa 605,239 3.1
South Asia 36,913 0.2
Sub-Saharan Africa 10,572 0.1
Others 14,763 0.1
Total 19,584,314 100.0

(continued)
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Table 19.4 (continued)

2.A: Rice (milled) exports, 2004
Exports (US$, thousands) Share (%)

High income 1,324,307 18.0
East Asia & Pacific 3,534,287 47.9

Thailand 2,368,150 32.1
Vietnam 950,315 12.9
All others 215,822 2.9

Europe & Central Asia 18,692 0.3
Latin America & Caribbean 174,862 2.4
Middle East & North Africa 227,739 3.1
South Asia 2,076,696 28.2

India 1,448,460 19.6
Pakistan 627,240 8.5
All others 996 0.0

Sub-Saharan Africa 9500 0.1
Others 5479 0.1
Total 7,371,562 100.0
2.B: Rice (milled) imports, 2004

Imports (US$, thousands) Share (%)
High income 2,341,903 35.1

Saudi Arabia 534,327 8.0
United Arab Emirates 327,843 4.9
United States of America 257,666 3.9
All others 1,222,067 18.3

East Asia & Pacific 1,045,859 15.7
Philippines 274,585 4.1
China 268,003 4.0
All others 503,271 7.5

Europe & Central Asia 187,705 2.8
Latin America & Caribbean 408,097 6.1
Middle East & North Africa 713,678 10.7

Iran 294,853 4.4
Iraq 173,481 2.6
All others 245,344 3.7

South Asia 320,804 4.8
Sub-Saharan Africa 1,488,627 22.3

Nigeria 297,000 4.4
South Africa 202,605 3.0
Côte d’Ivoire 166,656 2.5
Ghana 108,412 1.6
All others 713,954 10.7

Others 170,998 2.6
Total 6,677,671 100.0

(continued)
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Table 19.4 (continued)

3.A: Wheat exports, 2004
Exports (US$, thousands) Share (%)

High income 15,522,857 80.4
United States 5,180,990 26.8
Australia 3,089,040 16.0
Canada 2,688,820 13.9
France 2,553,110 13.2
All others 2,010,897 10.4

East Asia & Pacific 116,505 0.6
Europe & Central Asia 1,463,350 7.6

Russian Federation 535,975 2.8
Kazakhstan 389,550 2.0
Ukraine 288,900 1.5
All others 248,925 1.3

Latin America & Caribbean 1,663,311 8.6
Argentina 1,365,480 7.1
All others 297,831 1.5

Middle East & North Africa 161,885 0.8
South Asia 328,790 1.7
Sub-Saharan Africa 49,506 0.3
Others 30 0.0
Total 19,306,234 100.0
3.B: Wheat imports, 2004

Imports (US$, thousands) Share (%)
High income 7,160,391 33.0
East Asia & Pacific 3,905,051 18.0

China 1,873,488 8.6
Indonesia 841,000 3.9
Rest 1,190,563 5.5

Europe & Central Asia 1,437,367 6.6
Latin America & Caribbean 2,864,681 13.2

Brazil 838,770 3.9
Mexico 617,765 2.8
Rest 1,408,146 6.5

Middle East & North Africa 3,644,814 16.8
South Asia 553,803 2.6
Sub-Saharan Africa 2,081,078 9.6

Nigeria 475,983 2.2
Sudan 209,055 1.0
Rest 1,396,040 6.4

Others 32,260 0.1
Total 21,679,445 100.0

(continued)
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Table 19.4 (continued)

4.A: Maize exports, 2004
Exports (US$, thousands) Share (%)

High income 8,568,195 73.3
United States 6,137,510 52.5
France 1,456,650 12.5
All others 974,035 8.3

East Asia & Pacific 522,558 4.5
Europe & Central Asia 311,766 2.7
Latin America & Caribbean 1,926,278 16.5

Argentina 1,193,810 10.2
Brazil 597,336 5.1
All others 135,132 1.2

Middle East & North Africa 13,878 0.1
South Asia 155,724 1.3
Sub-Saharan Africa 191,276 1.6
Others 774 0.0
Total 11,690,449 100.0
4.B: Maize imports, 2004

Imports (US$, thousands) Share (%)
High income 8,296,019 58.7

Japan 2,931,850 20.7
Korea 1,431,560 10.1
All others 3,932,609 27.8

East Asia & Pacific 1,433,257 10.1
China 818,609 5.8
Malaysia 330,943 2.3
All others 283,705 2.0

Europe & Central Asia 500,491 3.5
Latin America & Caribbean 2,138,720 15.1

Mexico 745,120 5.3
Colombia 332,085 2.3
All others 1,061,515 7.5

Middle East & North Africa 1,666,104 11.8
Egypt 364,819 2.6
Iran 335,092 2.4
Algeria 298,350 2.1
All others 667,843 4.7

South Asia 76,319 0.5
Sub-Saharan Africa 516,643 3.7
Others 26,016 0.2
Total 14,136,926 100.0

Source: FAOSTAT (http://faostat.fao.org/)

http://faostat.fao.org/
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viewpoint, this remains an important distinction because the multilateral trading
system has quite different rules in the two cases (see Bouët and Laborde 2010).

In addition, any of these policies may have important beggar-thy-neighbor
consequences and may fuel price increases of important commodities. Insulating
trade policies imposed by importers and exporters (as well as high-income and
developing countries) were indeed responsible for a considerable share of price
spikes seen during the 2007/08 food crisis. However, most of the turmoil was likely
caused by large exporters and importers. In this sense, policy recommendations
should distinguish between larger and smaller countries.

Finally, there is a key asymmetry between net exporters and net importers of
an agricultural commodity during a food crisis. Net exporters can benefit from
increases in world prices, but net importers are hurt and have no capacity to retaliate
efficiently. If large exporting and importing countries cooperate, then it is possible
for smaller countries to implement policies to reduce import tariffs and, in the
short term, reduce national prices. Clearly, however, any non-cooperation by large
importing countries implementing similar policies will neutralize this effect.

19.3.1.2 Food Reserves
Food reserves can be maintained in order to service emergency relief operations,
support public distribution of food to chronically food insecure shares of a coun-
try’s population, and reduce volatility in consumer and/or producer prices, thus
stabilizing prices. The basic idea is simple: accumulate food stocks when prices are
low (to prevent very low prices that would harm producers) and release them when
supply becomes tighter (to reduce very high prices that harm consumers). However,
international experience in the management and use of reserves is not clear and
is open to significant variation in policies under the Global Food Crises Response
Program (GFRP) operations because the so-called strategic grain reserves were not
clearly defined.

Timmer (2010) advises governments to hold rice buffer stocks to reduce volatility
in the domestic market. Rather than requiring governments to cope with the
consequences of food crises, reserves would ensure price stability and prevent acute
crises from taking place. However, Timmer’s recommendations should be taken
with caution, as his analysis is very specific to the rice market, which is much more
speculative than other markets.

Gouel and Jean (2012) argue that buffer stocks do not provide relief when there
are sharp increases in international food prices. Using a theoretical model for a small
open economy, the authors find that buffer stocks might help producers by keeping
prices from reaching low levels. However, such stocks do not protect consumers
from price spikes without further trade restrictions; this is because small economies
are price takers, so domestic prices will follow the international markets (adjusted
by transport costs). When prices are high on the international market and there are
no export restrictions in place, at least part of the reserves accumulated in buffer
stocks will be exported, given that there is no need for local distribution, and
will maximize the returns to the commodities being held, which need to rotate to
minimize operation costs. While these policies may increase governments’ revenues
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(exporting their stocks when international prices are high), they do not protect
consumers from high commodity prices.

Domestic buffer stocks posit other problems. First, as they aim to control general
prices, they are less effectively targeted toward the neediest shares of a country’s
population (Wright 2009). Second, storage can be expensive, and the poorest
countries (which are most vulnerable to food crises) are the ones least likely to
be able to afford expensive storage costs (Torero 2011). Third, poor management
renders buffer stocks ineffective in many cases. When controlled by parastatals
and other government agencies without strong accountability systems, they are
potentially subject to political use and mismanagement. Finally, buffer stocks
create market distortions; as perishable reserves have to be rotated, their cyclical
interventions in the market can send wrong signals to producers and consumers.

For most of these authors, national emergency reserves seem to be a better option
than domestic buffer stocks for price stabilization. While buffer stocks for price
intervention require considerable stockpiling and subsidize both the poor and the
nonpoor, emergency food reserves can more effectively provide aid to the most
vulnerable shares of a country’s population and entail smaller costs because they
require smaller reserves (see Wright 2009). Also, reserves are less likely to create
market distortions and disrupt private sector activities (FAO et al. 2011). These
mechanisms might prove especially useful for isolated or landlocked countries
where, in case of distress, sluggish transportation of food assistance can pose serious
threats to vulnerable shares of the population.

The extreme volatility observed during the 2007/08 food crisis suggests that
some mechanism of food reserves for price stabilization is necessary to ease the
effect of shocks during periods of commodity price spikes and high volatility.
(For further discussion of such mechanisms, see Chap. 6 of this book.) There
seems to be some consensus around this idea, but policymakers disagree about
which specific mechanisms to use to implement such food reserves. As in the case
of trade interventions, the most appropriate choices are likely to depend on the
characteristics of the specific market under intervention, each country’s capacity
to cope with crises, and the possibility of establishing international coordination
mechanisms. While it likely does not make sense to establish national buffer stocks
in most grain markets, Timmer’s (2010) support for them may be more valid in a few
cases. For example, rice markets might be more speculative than others; thus, price
stabilization through buffer stocks makes somewhat more sense in this case. On the
other hand, buffer stocks usually entail high costs and market distortions and are
prone to corruption. Thus, most countries—especially those with weak institutions
and scarce resources—should probably refrain from using stocks and should instead
establish emergency reserves for humanitarian reasons.

19.3.2 Medium- and Long-Term Policies

In this section, we summarize the major medium- and long-term policies proposed.

http://dx.doi.org/10.1007/978-3-319-28201-5_6
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19.3.2.1 Policies to Increase Agricultural Productivity and Resilience
There is a wide array of policies aimed at increasing agricultural productivity and
resilience; some of the most widely discussed include:

Input Subsidies
The World Bank (2008) argues that “while development of efficient agricultural
input market is a long-term process, this subcomponent (improving smallholder
access to seed and fertilizer) would provide rapid support to clients facing immedi-
ate and near-term constraints related to seed and fertilizer availability, distribution,
affordability and utilization” (p. 90). The plan envisages the implementation of a
market-smart approach, characterized by: (a) targeting poor farmers; (b) not dis-
placing existing commercial sales; (c) utilizing vouchers, matching grants, or other
instruments to strengthen private distribution systems; and (d) being introduced for
limited periods of time only.

While they provide a sensible rationale, it is unclear how these principles
would be implemented in practice. Poorer countries—which likely have the least
developed input markets—may find it difficult to target only those farmers in need.
Additionally, subsidy programs that would strengthen, rather than displace, the
private sector are likely to require complex mechanisms; institutional weaknesses
in poor countries may render these programs unfeasible.

Moreover, these programs usually entail significant fiscal costs. Zaman et al.
(2008) estimate that Malawi’s input subsidy program costs approximately 3 % of
GDP. Importantly, in recent years, rising fuel prices have considerably increased
fertilizer costs. If this trend continues in the future, the budget implications of these
policies would become even larger.

Finally, more evidence is required to assess the effectiveness of these policies.
Dorward et al. (2010) evaluate the 2005/06–2008/09 fertilizer subsidy program
in Malawi; their estimates of the benefit–cost ratios of the program range from
0.76 to 1.36, with a (rather small) mid-estimate of 1.06. Arguably, with recent
increases in fertilizer prices, a current benefit–cost ratio of the program may be
even smaller. Additional potentially adverse impacts of the displacement of private
sector operations still require more thorough evaluation and understanding.

Investment in Research and Development
The introduction of high-yield varieties was instrumental for increases in agricul-
tural supply during the 1960s and 1970s. The foreseeable worsening of climatic
conditions imposes new challenges, however. Currently, new strands of wheat,
maize, rice, and other crops are being developed to have enhanced resistance to
droughts, diseases and insects, salinity and other soil problems, extreme tempera-
tures, and floods. In addition, other developments promise enriched varieties with
higher nutritional content.

Such policies are highly profitable. Byerlee et al. (2008) find that “many
international and national investments in R&D have paid off handsomely, with an
average internal rate of return of 43 % in 700 R&D projects evaluated in developing



484 M. Torero

countries in all regions” (p. 11). However, research and development (R&D) is a
typical public good and, as such, faces considerable underinvestment, particularly
in developing countries. Thus, governments must expand their expenditures in R&D
and must complement this budget increase with other policies. For example, the
sustainability of these programs requires private–public participation in the seed
industry to generate demand and supply coordination. It also requires strengthening
regulatory policies in seed markets, including variety release, seed certification, and
phytosanitary measures. R&D should also envisage extension services and other
mechanisms to facilitate diffusion and technology adoption by farmers.

Irrigation
Investment in irrigation should be a critical component of any strategy to increase
agricultural supply. Irrigation more than doubles the yields of rain-fed areas because
more crops can be harvested in any given year; it also at least partially promotes
resilience, protecting farmers against droughts. Delgado et al. (2010) estimate that
expansion of irrigation infrastructure to all land in developing countries “would
contribute about half of the total value of needed food supply by 2050.”12

Irrigation projects appear to exhibit high rates of return. Jones (1995) analyzes
208 World Bank-funded irrigation projects and finds an average rate of return of
15 %. Despite the importance and impact of such projects, the Global Food Crises
Response Program (GFRP) has determined that “under this emergency response
program, it is not anticipated that investment support would be provided for new
irrigation schemes, as this would be supported under the Bank’s regular lending
program.”13

19.3.2.2 Policies to Reduce Postharvest Losses
Developing countries face significant postharvest losses due to mishandling. For
cereals, these are estimated to be 10–15 % of harvest; when combined with
deterioration in storage (in farms and facilities) and milling, this number can reach
25 %. Poor (or nonexistent) roads compound these losses, as agricultural products
cannot reach consumer markets, and information failures impede supply from
reaching demand (or at least prevent it from reaching the most efficient markets).
Some of the policies discussed to reduce postharvest wastage include:

12This would require, however, 40 % more withdrawals of water for agriculture. Thus, these
policies should be complemented by increased productivity in existing irrigated areas.
13GFRP would limit their financing to: (i) support quick turnaround physical investments in
rehabilitation of existing irrigation (small-scale) schemes; (ii) finance investments in rehabilitation
or development of field drainage and collector drains to reduce problems of water logging and soil
salinity; (iii) finance training for water-user groups and others on operation and maintenance of
investments; (iv) finance assessments of groundwater or surface water hydrology and sustainable
water use; and (v) finance feasibility studies for medium-term irrigation investments.
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Improved Handling of Harvests and Storage Practices
Significant portions of agricultural production are lost due to postharvest mishan-
dling. One example comes from improper drying of crops. If crops are stored in high
humidity, they can be affected by mycotoxins and become unfit for consumption.
In addition to the risk of growing mold, production stored in improper containers
can also attract plagues, insects, and rodents, which can spoil the food. This is
only one example of postharvest mishandling in a process where any number of
small practices can potentially spoil food. Training in proper drying techniques and
building adequate infrastructure in this area can considerably reduce wastage and
improve food availability.

The implementation of extension services for postharvest losses should include:
(1) training and demonstration of low cost-on-farm storage; (2) technical assistance
and investment support for community-level food banks; and (3) training and
investment support for grain traders and millers in drying and sorting, as well as
fumigation equipment and upgrades in existing storage facilities. These should be
complemented with strengthening inspections and quality control surveillance to
prevent the spread of pests or diseases.

Information Systems
Imperfect information is especially pervasive in agricultural markets at both the
domestic and the international levels. In both cases, a lack of adequate and timely
information creates a mismatch between supply and demand. In many cases,
the consequence is the allocation of production to suboptimal markets, where
the demand is lower. In other cases, severe information constraints can result in
agricultural production not reaching any market at all and thus being wasted.

At the domestic level, many countries have implemented agricultural information
systems that can be accessed through internet portals, SMS on mobile phones,
kiosks, radio shows, etc. The challenge ahead is to find cost-effective mechanisms
to produce timely information that can be easily and widely accessed by producers
and traders.

At the international level, there is scarce reliable data on stocks and availability
of grains and oilseeds. Additionally, there is little monitoring of the state of
crops and short-term forecasts based on trustworthy technology (remote sensing,
meteorological information, etc.). FAO et al. (2011) proposed the creation of the
Agricultural Market Information System (AMIS), which involves major agricultural
exporters and importers, as well as international organizations with expertise in food
policy. It comprises two organisms: the Global Food Market Information Group
(to collect and analyze food market information) and the Rapid Response Forum
(to promote international coordination). While the specific details of its duties
and membership (and the political negotiations surrounding them) still need to be
addressed, AMIS is a first step in answering the need for global information and
coordination mechanisms.



486 M. Torero

Rural Roads
Transport infrastructure plays an important role in the reduction of both the level and
variability of food prices. Without roads to transport their agricultural production,
some farmers cannot reach consumer markets; others have market access, but at
a very high cost. Delgado et al. (2010) argue that, in most cases, transport costs
represent 50–60 % of total marketing costs. Byerlee et al. (2008) estimate that
less than 50 % of the rural African population lives close to an all-season road.
Transport infrastructure can also help reduce price variability. Roads are useful
means to spread out regional shocks; if a certain region is hit by a shock (weather or
other), it can import food from another region. For example, during the food crisis,
regions with better infrastructure in Indonesia were not hit as hard as those poorly
connected.

19.4 Analysis of Consistency

The question that this section tries to answer is how consistent or inconsistent the
operational policy recommendations have been with respect to: (a) Proposals of
International Organizations and the G8’s document prepared for the Ministers of
Finance Meeting in 2008 and (b) the different policy recommendations proposed
by key researchers and analyzed in detail in the previous two sections. With this
objective in mind, we analyze as an experiment the portfolio of loans of GFRP
operations detailed in Table 19.5, covering operations in 13 developing countries.
Table 19.6 provides a detailed summary of all these World Bank operations which
have as their core objective the mitigation of the impact of the food crisis.

Table 19.5 Documents
analyzed for GFRP
operations

Country Project ID PAD ICR

Mozambique 107313 � �
Djibouti 112017 � �
Honduras 112023 � N/A
Haiti 112133 � N/A
Bangladesh 112761 � �
Sierra Leone 113219 � �
Madagascar 113224 � �
Rwanda 113232 � N/A
Burundi 113438 � �
Philippines 113492 � �
Guinea 113625 � �
Mali 114269 � N/A
Cambodia 117203 � �

Note: PAD is Project Appraisal Document
of the World Bank and ICR is the Imple-
mentation, Completion and Results Report
of the World Bank
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Table 19.7 Summary of operations

Official position of World Bank during
2007/08

Policies recommended by the World
Bank after 2008

Consistent Not consistent Consistent Not consistent

Mozambique X X
Bangladesh X X
Philippines X X X
Djibouti X X X
Honduras X X
Haiti X X X
Cambodia X X (export ban) X X
Mali X X X X
Guinea X X (export ban) X X
Burundi X X X
Madagascar X X X
Sierra Leone X X X X
Rwanda X X

Following an assessment of each of the specific operations for the 13 developing
countries, benefits are analyzed and summarized in Table 19.7:

(a) Mozambique: Overall, consistent with the policy recommendations in 2007/08
and after 2008. The government allowed a pass-through of international prices
while protecting vulnerable groups (expanding PSA program). In addition,
through the GFRP operation, the World Bank supported the implementation
of reforms to increase agricultural productivity through the provision of
infrastructure and public goods (technology adoption, construction of silos,
agricultural infrastructure, etc.).

(b) Bangladesh: Overall, consistent with the policy recommendations on trade
in 2007/08 but not consistent with later World Bank research after 2008.
Specifically, the GFRP operation was used in accordance with the GFRP
framework to support the reduction of import duties for rice and wheat, and
there was an increase of public food stocks (at least partially to act as price
buffers) from 1 to 1.5 million tons. On the other hand, it is important to mention
that the increased public targeting for aid programs was positive in terms of
performance of the program in identifying the proper beneficiaries. However,
most of it was untargeted and had severe leakages (e.g., large share of budget
allocated to open market sales).

(c) Philippines: The GFRP operation resulted in a combination of policies which
were consistent with the official World Bank policy recommendations in
2007/08 and were both consistent and inconsistent with the post-2008 rec-
ommendations. On the consistent side, as a result of the GFRP operation, the
government launched the Household Targeting System for Poverty Reduction
(NHTS-PR) and introduced a CCT (Pantawid Pamilya). In addition, the NHTS-
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PR will become a targeting instrument for other social programs, and the Food
for School Program is prioritizing the poorest provinces and municipalities to
enhance targeting of the most vulnerable share of the population. Finally, the
government pushed for a regional rice reserve mechanism through ASEAN,
which is an emergency regional rice reserve to assure food security in the region
and which has a very clear trigger mechanism and governance. In addition, the
country was engaged in large rice import tenders, exacerbating increases in
international food prices, but the GFRP made the government commit, as part
of the loan, to change its tendering policy in a way that would reduce prices.
The government also agreed to withdraw a big tender that was going to increase
price pressure in the international market. Finally, bilateral rice deals were
established, reducing pressure on external markets. These policies, although
consistent in the short term with the GFRP framework, are inconsistent with
later World Bank recommendations. In the medium term, the government is
due to lift quantitative trade restrictions by WTO agreements, and there is a
medium-term plan to transfer rice trade to the private sector. However, currently
the National Food Authority (NFA) has the monopoly over rice imports. NFA
still concentrates a significant proportion of its food aid budget, which is poorly
targeted. NFA’s reserves act as a buffer stock for price stabilization.

(d) Djibouti: The GFRP operation resulted in a combination of policies which
were consistent in general with the official World Bank policy but which,
at the same time, were inconsistent with the policy recommendations after
2008. On the consistent side, when the crisis started, there were few social
protection mechanisms; the government was able to expand the WFP-operated
food assistance program in rural areas (one of the few existing) with GFRP
support. It also completed a population census as a first step to implement
direct and targeted protection mechanisms for the poor and provided support
for fisheries to boost food production. On the inconsistent side with the post-
2008 recommendations but consistent with the GFRP framework and official
policy of the World Bank, the government eliminated the consumption tax rates
on five basic staples; this policy was not effective in reducing consumer food
prices. Low pass-through rates were probably due to high concentration in the
food market (few importers and distributors) and security risks posed by pirates
in international waters.

(e) Honduras: Overall, consistent with the policy recommendations. The proposed
operation seems to be more oriented to releasing funds for the government to
aid the financial sector, given the government is concerned about the effect of
increasing food prices on households’ real income; therefore, the government
uses the resources as a buffer to mitigate the expected adverse effect on banks’
outstanding portfolio of consumer loans. However, the financial sector was not
the real target of the operation; it was just the fastest way to transfer cash to the
government for more general crisis response policies.

(f) Haiti: The GFRP operation resulted in a combination of policies which were
both consistent and inconsistent with the policy recommendations. On the
consistent side, as a result of the GFRP, a “Program of Action against the
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High Cost of Living” (with a focus on employment generation through labor-
intensive works and expansion of food assistance programs) was developed.
In addition, the government also implemented what they refer to in the GFRP
framework as a second best policy, i.e., subsidies to reduce the price of rice
between May and December 2008 (US$30 million). However, there are specific
circumstances that need to be met for the Bank to accept this type of policy
(see GFRP Framework document p.26, para. B2). Moreover, post-2008 these
policies were not supported.

(g) Cambodia: The GFRP operation resulted in a combination of policies which
were consistent with the GFRP framework and official position of the World
Bank. Despite the initial ban on rice exports in March 2008, they lifted this
ban in May 2008 and are currently seeking to promote rice production. The
main policy is to create price incentives by promoting exports (goal of one
million tons of milled rice exported by 2015). In addition, they expanded the
“Identification of Poor Households Targeting Program” to be applied to safety
nets, implemented food for cash and food for work programs, and boosted
credit for milling facilities which act as an interface between smallholders
and markets. In addition, consistent with the GFRP framework and official
World Bank position in 2008, the GFRP operation subsidized fertilizers by
the suspension of the VAT and by implementing a pilot for “smart subsidies”
using vouchers to be distributed to smallholders. However, this type of policy
was not recommended post-2008, given (as it has been shown in the case of
Malawi) that it bears the risk of significant fiscal deficit. Finally, the government
regulated the fertilizer market in principle to avoid adulteration; however, most
of the adulteration appears to happen in Vietnam (from where fertilizer is
imported) rather than in Cambodia.

(h) Mali: The GFRP operation resulted in policies which were both consistent and
inconsistent with the official policy recommendations of the World Bank and
with what was recommended after 2008. On the consistent side, the government
increased seed availability for locally produced rice varieties and improved
marketing channels to facilitate relationships between producer organizations.
Finally, a program of subsidies for equipment, access to water/irrigation, and
extension services was implemented. On the inconsistent side, the government
introduced 6 month VAT and tariff exemptions for rice, implemented a price-
stabilizing buffer stock through the Food Security Commission, introduced
subsidies on crop inputs which were not “smart subsidies,” and finally, despite
acknowledgement of weak safety nets, made no efforts to strengthen them.

(i) Guinea: The GFRP operation resulted in a combination of policies which
were both consistent and inconsistent with the official World Bank policy
recommendations and with the post-2008 recommendations. On the consistent
side, in both policies recommended in 2008 and after 2008, the government
implemented a safety net system to distribute take-home rations for children
of families of 5C members, an emergency school feeding and nutrition
support, and an emergency urban labor-intensive public works program. On
the inconsistent side, the country imposed a ban on agricultural exports in



19 Consistency Between Theory and Practice in Policy. . . 505

2007; although it was lifted in 2008 for most products, it was not lifted for
rice. Although the GFRP operation did not support this, the government could
have included a conditionality to be able to obtain the loan. In addition, and
consistent with the GRFP framework but not the post-2008 recommendations,
with support from the GFRP, the country was able to eliminate custom duties
for low quality rice between June 1 and October 31, 2008, and initiated plans
to build an emergency food reserve of 25,000 metric tons, although it is
not clear if this is for humanitarian or price-stabilizing purposes. Finally, the
government implemented the “Emergency Agricultural Productivity Support,”
which includes the distribution of subsidized seed and fertilizer packages to
70,000 smallholder farmers, although these were not the type of smart subsidies
proposed by the GRFP framework.

(j) Burundi: The GFRP operation resulted in a combination of policies which
were both consistent and inconsistent with the official World Bank policy
recommendations. On the consistent side, the government scaled up WFP’s
school feeding and nutrition program. However, funds allocation and the
number of beneficiaries fell short of initial goals. In addition, the government
supported the return of refugees to the country. Finally, and consistent with
the GRFP framework but inconsistent with post-2008 recommendations, the
government implemented exemption of transaction taxes and import duties
until July 2009.

(k) Madagascar: The GFRP operation resulted in a combination of policies
which were consistent with the official World Bank policy recommendations.
The government expanded the food for work and school feeding programs
and introduced a rice intensification campaign through producer associations.
This program aims to provide subsidies for selected agricultural technologies
through microfinance institutions. Finally, the government eliminated the VAT
for rice, which, although consistent with the GFRP framework, was not
consistent with post-2008 recommendations.

(l) Sierra Leone: The GFRP operation resulted in a combination of policies
which were both consistent and inconsistent with the official World Bank
policy recommendations. On the consistent side, the government protected
selected basic services from increasing costs of food and fuel (those for hospital
patients, lactating mothers, government’s boarding schools, etc.). In addition,
the tariffs for four products were reduced; this reduction is to be maintained
until prices return to precrisis levels. On the inconsistent side, the government
provided fully subsidized rice seed to farmers (71,000 bushes), which were not
targeted as the “smart subsidies” strategy recommended in the GFRP.

(m) Rwanda: The GFRP operation resulted in policies which were inconsistent
with both the official World Bank policy recommendations and the post-2008
recommendations. Specifically, the government implemented the Crop Intensi-
fication Program for food crops which included significant market intervention
by the government: (a) purchasing fertilizers in bulk in international markets;
(b) auctioning fertilizer to private traders; (c) promoting private microcredit for
smallholders; and (d) providing additional targeted subsidies through vouchers.
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This program has significant risks: mis-targeting, crop leakage (i.e., cannot be
used for export crops), collusion among traders, and an extremely low loan
recovery rate (during a pilot in 2008, recovery was only 4 %).

19.5 Final Remarks

The world faces a new food economy that likely involves both higher and more
volatile food prices, and evidence of both conditions was clear in 2007/08 and 2011.
After the food price crisis of 2007/08, food prices started rising again in June 2010,
with international prices of maize and wheat roughly doubling by May 2011. This
situation imposes several challenges. In the short run, the global food supply is
relatively inelastic, leading to shortages and amplifying the impact of any shock.
The poor are hit the hardest. In the long run, the goal should be to achieve food
security. The drivers that have increased food demand in the last few years are likely
to persist (and even expand). Thus, there is a significant role for the World Bank to
play in increasing the countries’ capacity to cope with this new world scenario and
in promoting appropriate policies that will help to minimize the adverse effects of
the increase in prices and price volatility, as well as to avoid exacerbating the crisis.

In this regard, this chapter describes some of the most important official policies
that the World Bank prescribed to different countries during the food crisis of
2007/08. In addition, it compares those policies to what was proposed by World
Bank research after 2008. The chapter focuses on the proposed short-term, medium,
and long-term policies. In terms of short-term policies, two mechanisms are
emphasized: support for the poor and price stabilization (with an emphasis on trade
restrictions and food reserves). In terms of medium- and long-term policies, we
focus on the recommendations linked to increasing agricultural productivity through
productivity gains and elimination of postharvest losses.

In support of the poor, Targeted Cash Transfers (TCT) and Conditional Cash
Transfer (CCT) programs already in place clearly constitute first-best responses for
several reasons: (a) they prioritize assistance for targeted groups, (b) they do not
entail additional costs of food storage and transportation, (c) they do not distort
food markets, and (d) in the case of CCTs, they explicitly prevent human capital
deterioration. When TCTs and CCTs are not available, governments may also
implement other types of assistance programs, although this could bring some
inefficiency. Therefore, in poor countries where TCTs and CCTs are not yet in
place (such as most Sub-Saharan Africa), it is essential that during noncrisis years,
countries invest in strengthening existing programs—and piloting new ones—to
address chronic poverty, achieve food security and human development goals, and
be ready to respond to shocks. Across the different GFRPs, we see these policies
implemented by the World Bank, specifically in the Philippines, Djibouti, Haiti,
Cambodia, Guinea, Burundi, and Madagascar.

In terms of short-term price stabilization policies through trade policies and
management of food reserves, we identify important inconsistencies in what was
recommended in the official position by the World Bank, through the GFRP
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framework document and in the G8’s document prepared for the Ministers of
Finance Meeting in 2008, and in post-2008 recommendations. Clearly, the official
recommendations in 2008 were more flexible, especially in regards to trade policies
and physical reserves, and in some cases allowed short-term interventions that could
end in pervasive market distortions. As a result, most of the operations under the
GFRPs were consistent with the official policy recommendations with the exception
of Cambodia, Guinea, Sierra Leone, and Rwanda (see summary in Table 19.7).

On the other hand, if we look at the post-2008 recommendations, all of them
will avoid any potentially pervasive market distortions. Even more, regarding
trade policies, most of the work of the World Bank will advise against any trade
restrictions (on both the import and the export side). In that sense, if we assess
ex post the GFRP operations, we find that in many of the countries, the policies
implemented as a result of the GFRP created additional trade restrictions other
than export bans, which was the only bad policy identified in the GFRP framework
document. This was the case for Bangladesh, Philippines, Mali, Guinea, Burundi,
and Sierra Leone.

Nevertheless, and as explained in Sect. 19.3, it is important to mention that what
the GFRP framework recommended in 2008 relative to what was recommended
post-2008 is in a certain way justifiable as a short-term measure given that all in
all, trade policies may be an effective instrument for short-term price stabilization
purposes in some nations: those facing considerable political unrest, lacking
adequate food distribution networks, with no safety nets available, etc. However,
they may have important beggar-thy-neighbor consequences and may fuel price
increases of important commodities. The 2007/08 food crisis—especially in the
case of rice—is quite illustrative in this respect. Insulating trade policies imposed
by importers and exporters (as well as high-income and developing countries)
were indeed responsible for a considerable share of price spikes. However, even
when the aggregate effect of the actions of these broad groups is quite large, most
of the turmoil was likely caused by large exporters and importers. In this sense,
if the argument is that such policies create further imbalances for others, policy
recommendations should distinguish between larger and smaller countries; from all
the countries where we see these inconsistencies, the Philippines is the only one
falling into the category of a significant importer of rice where the World Bank
should be clearly against import tenders and quantitative restrictions, given they
clearly helped to exacerbate international prices in the rice market.

With respect to food reserves, the discussion seems to highlight the need for food
reserves to ease the effect of shocks during periods of commodity price spikes and
volatility. There seems to be some consensus around this idea. The disagreement
stems from the specific mechanisms to implement food reserves. As in the case
of trade interventions, the most appropriate choices are likely to depend on the
characteristics of the specific market under intervention, the country’s capacity
to cope with crises, and the possibility of establishing international coordination
mechanisms. While it likely does not make sense to establish national buffer stocks
in most grain markets, it may be more valid in a few cases, such as in the rice
market. Again, however, regional reserves with strong governance and clear triggers
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are preferred. However, it is important to mention that the GFRP framework is not
extremely clear on this in difference to what was recommended post-2008. It is in
that sense that when analyzing the operational plans of the GFRPs, proposals can
be identified that promote country-level reserves as buffer stocks, as in the case of:
(a) Bangladesh where the stocks were increased from 1 to 1.5 million MT of rice,
(b) the NFAs in Philippines, and (c) the NFAs in Guinea. It could also be argued that
these reserves were consistent with the official position of the World Bank through
the GFRP framework, although clearly these types of policies are problematic in
countries where the necessary conditions for these reserves to work don’t exist.
Additionally, buffer stocks usually entail high costs and market distortions and are
prone to corruption. Thus, most countries—especially those with weak institutions
and scarce resources—should probably refrain from using buffer stocks.

Finally, with respect to the medium- and long-term policies, we see significant
investment in the GFRPs (e.g., the provision of infrastructure and public goods
in Mozambique, increasing seed availability in Mali, and the rice intensification
program in Madagascar). In addition, and as recommended in the GFRP framework
document, we also see the important presence of input subsidies similar to those
that have failed in Malawi with a fiscal cost of around 3 % of the GDP. These plans
envisage the implementation of a market-smart approach to input subsidies. Such a
strategy is characterized by: (a) targeting poor farmers; (b) not displacing existing
commercial sales; (c) utilizing vouchers, matching grants, or other instruments
to strengthen private distribution systems; and (d) being introduced for a limited
period of time only. Albeit outlining a sensible rationale, it is unclear how these
principles would be implemented in practice in poor countries like in the GFRPs in
Haiti, Cambodia, Mali, Sierra Leone, and Rwanda. Poorer countries—which likely
have the least developed input markets—may find it difficult to target only those
farmers in need. Additionally, subsidy programs that would strengthen, rather than
displace, the private sector are likely to require complex mechanisms. Institutional
weaknesses of poor countries may render them unfeasible, aside from the fiscal
costs.

It is important to note that in many countries, input markets are not well
developed, as they are hampered by various policy, institutional, and infrastructure
constraints that can only be overcome over time, while improvement in access
to inputs would provide substantial benefits in the short run, given the crisis
circumstances. It is in that sense that the “smart subsidies” proposed under the
GFRP framework could be conceptually justifiable even though as a short-term
measure they can also create fiscal problems as previously mentioned based on the
Malawi experience. Moreover, it is of central importance that any “smart subsidy”
policy includes the five key characteristics mentioned in the previous paragraph.
Furthermore, a long-time horizon is required to apply the “first-best” policies,
namely, the alleviation of constraints (such as infrastructure and missing credit
markets) which inhibit the development of efficient input markets.

Therefore, although this “second best measure” in the face of existing constraints
as stated in the GFRP framework document could be justifiable in the short term the
key is to assure all other needed elements are in place for its success; specifically,
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it has to be guaranteed that investments to alleviate the key constraints of the input
market are also started at the same time. All of these arguments are conceptually
valid, although their applicability in any given country cannot be taken for granted;
in most cases, applicability was not actually and explicitly verified in the assistance
programs funded under GFRP, and the key four characteristics of the proposed
“smart subsidies” strategies were not validated in advance.

In summary, when assessing the consistency of the specific loans and policies
prescribed officially by the World Bank for selected countries during the 2007/08
food crisis, we identify that (given the significant flexibility of the World Bank
official recommendations) most of the loans comply with what was proposed
in the GFRP framework. However, when analyzing the consistency of those
recommendations to the research results published by the World Bank post-2008,
we found significant inconsistencies, especially in short-term policies. As a result,
it is extremely important for the World Bank to carefully assess the risks and costs
of the implementation of the official, more flexible, recommendations of the GFRP
against what is currently being advocated at the Bank and to carefully assess how to
avoid these inconsistencies in the future.
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