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EXECUTIVE SUMMARY

The main purpose of this report is to conceptualize an ex-ante risk management framework for
weather risk in the Southern African Development Community (SADC) region. The report lays
out an overall food security policy context and analyzes the role of weather risk management
techniques for food security at the national level, taking Malawi as a case study, and the regional
level for the entire SADC region. Malawi was chosen as a case study because it is one of the
more drought-prone countries in the region, and hence experiences chronic food crises, and is
one of the members currently in the process of developing food security policy options'. In
addition, and rather significantly, Malawi is reputedly a sound source of weather-related data.

Food security and weather risk management are inextricably linked: weather risk management,
or the lack of it, determines the level of systemic risk in the food security system. The exposure
to weather risk drives overall food insecurity. This systemic risk can be internalized and
managed well and/or it can be transferred. First, society should manage the drought risk by
adapting production, making markets function, establishing safety nets, and preparing for
emergencies through ex-ante emergency risk management, all of which are explained in greater
detail below. Secondly, people can transfer part of the risk out of the country for a premium at
all levels: micro, meso, and macro.

The management of drought risk involves food security being achieved through:
¢ Functioning markets.
e Higher smallholder productivity.
e Social safety nets and distinct emergency risk management.

Functioning markets and the right incentives form the foundation upon which higher smallholder
productivity can be achieved and proper production and markets form the platform upon which
social safety nets and emergency risk management can function effectively. However, without
social safety nets and food available in times of real food crises through proper ex-ante and ex-
post emergency risk management, it is politically and socially problematic to establish
functioning markets. Weather-risk management and objective drought-triggered access to
resources in cases of predictable food emergencies is complementary to properly functioning
input and output markets, good governance in the management of strategic grain reserves, and
adequate smallholder productivity.

Functioning input, output, and storage markets are the basis for food security. Only if farmers
and traders have proper incentives to produce and intermediate goods, will people have access to
food in times of crises. With incomplete or failed markets, particularly for storage purposes,

! Zambia is at a similar juncture, but the data collection process is not yet finalized.
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remote areas will tend to be underserved by food traders, especially if traders can expect the
government or donors to intervene with free or under-priced food supplies.

Smallholder productivity, in the appropriate crops, needs to be raised. Extension services, private
sector providers of inputs and services to farmers, supported by modern farming advice need to
upgrade quality and availability of technical support to farmers. In the end, costs will be
minimized through optimal input applications as yields rise.

Government and donors need to distinguish between social safety nets and emergency risk
management: the target groups, the types of intervention, and the timing of interventions are very
different for each of these schemes. A foreign food aid influx that is not governed by a clear and
targeted emergency risk management strategy can further distort incentives within the food
market. Effective ex-ante emergency risk management requires improved early warning systems
and accurate production estimates. Food emergencies require two immediate response factors:
small national physical strategic grain reserve (SGR) and emergency relief cash. The SGR would
be governed by clear, simple, and transparent rules for the purchase, roll-over, and release of
grain and the emergency relief cash. This would be made accessible to SADC, governments,
intermediaries, maize producers, and consumers in the form of vouchers or actual cash.?

At the farm level, weather-based index insurance allows for more stable income streams and
could thus be a way to protect peoples’ livelthoods and improve their access to finance.
Weather-based insurance instruments provide financial protection based on the performance of a
specified index in relation to a specified trigger and they offer protection against the uncertainty
in revenue accruement that results from volume volatility. Buyers are compensated for
unfavorable weather fluctuations that adversely impact physical production so a farmer or a
group of farmers could buy such a product to reduce the weather risks in farming. For example,
an insurance product can be based on a maize production index constructed from weather data
recorded at Lilongwe airport weather station. Analysis and simulations conducted for the
Lilongwe area, capital of Malawi, indicate that the match between potential insurance payouts
and farm yield losses would be adequate. All that is needed is for demand to be aggregated at
farm level and product distribution channels such as the National Smallholders Association
(NASFAM) to be found. Rural finance institutions could finance the premium and lower interest
rates since they stand to benefit from reduced default risk.

At the intermediary level, banks can package a loan and the weather insurance based on the
farmers areas index into a single product: the weather-indexed maize production loan. The
farmer would enter into a loan agreement with a higher interest rate that includes the weather
insurance premium that the bank pays to the insurer. In case of a severe drought impacting maize
yields, the borrower would pay only a fraction of the usual loan due and would be less likely to
default, thus strengthening the bank’s portfolio and risk profile. Historical simulations of such a
product in Malawi demonstrate that the years of reduced loan-dues payments coincide with the
drought years in which farmers suffered from much lower yields, mainly the years 1992 and
1994.

At the macro level, a specific nation-wide maize production index for the entire country could
form the basis of an index-based insurance policy or an objective trigger to a contingent credit

? Regional physical grain reserves are not an adequate answer to the problem of food insecurity at this stage.
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line for the government in the event of food emergencies that put pressure on government
budgets. Applying the Lilongwe maize farmer index approach to the macro situation, we can
define a Malawi Maize Production Index (MMPI) as the weighted average of farmer maize
indices measured at weather stations located throughout the country, with each station’s
contribution weighted by the corresponding average or expected maize production in that
location.

Weather-indexed insurance products could be reinsured in the global weather-risk market,
effectively transferring the risk from Malawi to the international reinsurance and capital markets.
Judging by other country experiences, weather market players, from both the reinsurance and
financial communities, are interested in these new developing country transactions. The new
risks and locations, introduced by the new countries, allow for more diversification and hence
enhance the risk/return characteristics of portfolios. This should ultimately lead to more
aggressive pricing of weather insurance products in the global market, more new firms entering
the sector because of greater market liquidity and thus to greater business growth and expansion
through broadening product offerings and increasing global networks.

Given the objective nature of the MMPI, and the quality of weather data from the Malawi
Meteorological Office, such a structure could be placed in the weather-risk reinsurance market.
Analysis shows that Malawi could need up to $70 million per year to financially compensate the
government in case of an extreme food emergency. Given the size, such a transaction would be
treated on a stand-alone basis, with an estimated premium of approximately three times the
expected loss for the reinsurer. In this case, the expected loss - given 40 years of historical
rainfall data and assuming that the government retains the cost associated with deviations in
maize production up to 25% away from normal - is $2.32 million implying a premium $6.96
million or an insurance rate of 10% for such a product.

The weather-indexed drought-risk management approach suggested for Malawi is one that could
be extended to a regional level to include all members of SADC at some point in the future.
Weather-risk can be retained and managed internally if the areas under management are
significantly diverse in their weather-risk characteristics. This immediately suggests that the
weather sensitivity of neighboring countries, the SADC members, must be taken into account
when considering Malawi’s weather-risk profile and its need for outside insurance. Analysis of
the SADC region shows that on average, two countries suffer a drought each year. However, the
distribution of drought events in SADC is extremely long-tailed, with the possibility of
widespread drought events that could potentially devastate the region. This indicates that the
most efficient way to layer, and thus manage the risk is as follows:

A. SADC Fund: 1f the average financial impact of four average droughts in the region is
approximately $80 million dollars, this could be the size of the SADC fund, with each
member contributing its share determined by an actuarially fair assessment of the expected
claim of each country.

B. Reinsurance and/or contingent credit lines: SADC-wide events incurring a financial loss of
$80million-$350million could be transferred to the weather-risk reinsurance/professional
investor market. Alternatively, the SADC members could have access to a World Bank
contingent credit line in such situations.

C. Securitization: The final and extreme tranche of risk, such as droughts in 10 countries,
occurring 1% of the time, could be securitized and issued as a cat bond (investors lose
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principal if event occurs in exchange for higher coupon) in the capital markets. Advantage of
this risk transfer into capital markets is its longer tenure of up to three years, possibly longer.

A more efficient means of transferring risk implies that costs could be greatly reduced for the
member countries by transferring risk as part of a regional strategy rather than by transferring
that risk one country at a time. For example, the SADC fund approach above would reduce
insurance costs by 22% for Malawi due to risk pooling effects.

In order to implement a successful weather-risk management program, with risk transfer into
international markets, the data used to construct the underlying weather indices must adhere to
strict quality requirements. In particular, the following aspects are essential:

e Reliable and trustworthy on-going daily collection and reporting procedures.
e Daily quality control and cleaning.

e A long, clean historical record to allow for a proper actuarial analysis of the weather
risks involved.

Weather reporting networks may not be of the necessary high standard in all SADC countries.
An alternative is to use satellite-based products to measure the pertinent weather parameters or
the impact of weather. A feasibility study is currently underway to see if these products could be
used as viable alternatives to weather stations on the ground. If the results of this study are
positive, managing weather-risk through indexed insurance could be possible in all regions of the
world.

In order to strengthen the ex-ante emergency risk management part, the World Bank could
provide a contingent credit facility to the SADC countries through the SADC fund. Thus, the
World Bank would “back-up” the SADC fund with a credit facility that can be called upon when
the SADC fund is insufficient to cover all member country claims. The World Bank funds
disbursed to the member countries would then become loans®. The donor community could also
subsidize premiums or provide some of the SADC fund back-up facility as grants rather than
loans. For securitization, the World Bank could guarantee the bi-annual premium payments by
SADC to the cat bond holders. Such an AAA guarantee would be necessary to place this bond in
the markets with a competitive rating. The International Finance Corporation (IFC) could play a
significant role by investing in warehouse receipt systems and in weather-risk transfer
mechanisms through private risk funds.

3 Currently the World Bank offers a Deferred Draw Down Option (DDO) for IBRD countries that allows countries
to access funds as needed up to two or three times throughout the life of the loan standby period for a commitment
fee. A similar mechanism would have to be designed for IDA countries.



1. INTRODUCTION

SADC countries are subject to periodically recurring weather shocks. This weather risk
destabilizes households and countries and creates food insecurity, as is evident in Table 1.

Within this table, the number of people requiring external food assistance in countries classified
as those facing food emergencies, and not having sufficient capacity to deal with the emergency
effectively on their own is shown. Food emergencies may be declared in the event of natural
disasters, conflict, or economic problems. Natural disasters caused by hazards such as drought,
floods, frost, pest attacks and adverse weather involving poor and/or excessive rains can all lead
to sharp declines in agricultural productivity and losses of stored crops, and create temporary
food shortages for both farmers and urban consumers. War and civil strife create temporary food
insecurity for internally displaced persons (IDPs) and refugees while the conflicts are in
progress; in the aftermath of conflict, IDPs and returnees require temporary assistance until their
livelihood systems can be restored. Economic problems and disruptions cause loss of productive
capacity and consequent loss of purchasing power for affected persons.

In many emergency-prone countries in Africa, natural or manmade disasters keep recurring in a
context where the food security situation is already fragile. In addition to a current emergency,
past emergencies may be having a cumulative negative impact for a significant portion of the
population. Often it is the interplay of several factors, and not only a single disastrous event, that
creates the emergency. At present, there are no internationally agreed criteria for defining the
causes of declared humanitarian emergencies, other than the very general ones mentioned above.
Because of this, the attribution of reasons for the food emergencies listed in this table should be
regarded as indicative only.

The numbers given for persons affected by these emergencies should also be used with caution.
While the numbers probably reflect reasonably well the size of the population that has been
affected at a given point in time, the period during which an affected person may require help
can vary from a few days or weeks, to several months, to a whole year, depending on the nature
and severity of the emergency. Estimates of food aid requirements in an emergency situation are
prepared on the basis of: the number of persons affected, the length of time for which assistance
is needed, and the magnitude and type of the food deficit to be covered.

Governments and donors react to these shocks rather than managing the risk in an ex-ante mode.
These emergency reactions can lead to distortions, a waste of resources, and rent seeking. The
assistance that has been administered to cope with the aftermath of shocks has been large in
magnitude®, often ad hoc, and sometimes untimely. In fact, a recent World Bank Board briefing
paper stated:

* The World Bank alone has lent more than $43 billion for over 550 natural disaster related projects, excluding
reallocation from on-going projects, but the amount of support goes unrecognized and this portfolio is not managed
strategically.



“the need to explore...financial instruments that incorporate a certain degree
of automat city in providing timely additional finance to cope with the
aftermath of an exogenous shock.””

This briefing paper further stated the:

“need to re-examine whether there is scope for the international community to
facilitate low-income countries access to marked-based mechanisms such as
hedging and insurance, for example...insurance markets for weather risks.
The use of market mechanisms should be part of exploring ex-ante responses

6
to shocks.”

Table 1: Persons affected by hunger in Southern Africa

Southern Africa

Reasons, 1999 Reasons, 2000 Reasons, 2001 Reasons, 2002 Reasons, 2003

Angola Civil strife Civil strife Civil strife Civil strife Civil strife
Madagascar Floods, cyclones Drought, Drought,

economic economic

problems problems
Malawi Adverse weather _
Mozambique Drought in parts Adverse weather
Swaziland Drought Drought
Zambia Adverse weather _
Zimbabwe Drought, Drought,

economic economic

disruption disruption

Approximate number of affected persons
(thousand)

Southern Africa 1825 2 350 4425 16 700 9 500

Source: FAO Global Information and Early Warning System, internal communication based on qualitative information gleaned
by GIEWS analysis from government sources, WFP assessments and emergency operations plans, UN appeals, UN reports on
nutrition situations of refugees and displaced populations, among others.

In response to the recurring food security issues experienced in SADC countries and this World
Bank briefing paper, the main purpose of this report is to conceptualize an ex-ante risk
management framework for weather-risk in the SADC region. It analyzes the role of weather-

> Exogenous shocks in low income countries: Policy Issues and the Role of the World Bank, Technical Briefing to
the Board, ARD/PREM/FRM, March 2004, p.28.



risk management techniques for agriculture in SADC countries, using Malawi as a case study,
and for food security regimes. A related objective is to explore ways to better predict food
emergency situations. How would these techniques work in SADC countries? What are the
benefits for drought-exposed parties at macro, meso, and micro levels? The report also simulates
the use of these instruments and provides pricing scenarios, thereby providing case studies that
can serve as a blue print for projects. Finally, this report places these risk management questions
into a broader food security framework and discusses policy options that could improve
prevention and ex-ante management of food crises.

Malawi was chosen as a case study because it is one of the more drought-prone countries in the
region, and hence experiences chronic food crises, as well as being one of the members currently
in the process of developing food security policy options. In addition, and rather significantly,
Malawi has been reputed to have a sound source of weather-related data. The general food
security country context is as follows: the predominant staple food, maize, has very low yields;
stock-piling at private and even public levels are underdeveloped; the financial system is weak
and the government is preparing a new food security policy that seeks to determine the
appropriate levels of strategic grain reserves.

This report responds directly to requests from clients within and outside the World Bank such as
the following:

e The Africa Social Protection Group (Haque/Alderman)’ of the World Bank is interested
in the use of weather-risk management tools for social transfer payments at the micro
and meso level.

e The Rural and Agriculture Sector Group Southern Africa (Nucifora/Hess)® of the World
Bank is interested in the role of weather-based index insurance for food security systems
in the region.

e The World Food Program (WFP) run by Richard Wilcox in the Treasury Unit wants to
determine if the weather-risk management tools can be used to reinsure WFP’s extreme
drought exposures or to allocate emergency aid in the territory more efficiently.

e Food and Agriculture Organization’s (FAO’s) Commodities Division, Early Warning
System Group (GIEWS) partnered with the Commodity Risk Management Group
(CRMG) in ARD wants to determine if index-based insurance can be a tool to protect
farmers around the world and whether or not the early warning system can be improved
with these indices.

The advantages of index insurance products derive from the objective nature of the settlement
basis, which cannot be impacted by the insured party’s behavior. This is provided that the index
is well constructed and the payout corresponds to the damage suffered by the farmer, in
particular when the coverage is catastrophic. In other words, basis risk, the potential mismatch
between insurance payouts and actual losses, needs to be managed and made transparent. It must
be stressed that weather-risk management and drought-triggered access to resources in cases of

7 Study on Insurance against Covariate Shocks: Role of Food Aid & Social Protection in Africa.

¥ Strategies to respond to food emergency crises in the SADC region; the role of weather-indexed insurance and
commodity stockpiling.



(upcoming) food emergencies is complementary to properly functioning input and output
marketing systems, good governance in the management of public resources, and adequate
smallholder productivity. Automatic access to weather triggered contingent credit lines or
insurance payouts do not replace “putting one’s house in order.”

The principles of this study and the weather-risk management approach are simplicity,
transparency, and objectivity. Risk transfer from one party to another is made possible by these
principles as well as solid analytical work for the insurance design. The insurance index needs to
be simple, but sophisticated enough to effectively transfer the risk. The index is the common
language that two parties need to master equally well. Southern African governments and
international insurance or capital market players have one language in common - weather
parameters. A millimeter of rain is a universally accepted concept, not even music manages that
type of global reach! A good index overcomes asymmetric information by leveling the playing
field; it creates trust and ultimately reduces risk transfer costs.

Chapter 2 of this report places the weather-risk management instrument in the context of an
analytical framework for the food security complex whilst chapter 3 analyzes the weather-based
insurance concept and its applications in the SADC region at the micro, meso, macro, and
regional level. The report will finally conclude with general recommendations and an
explanation of the potential World Bank Group role in this promising scheme.

2. THE CONTEXT: IMPROVE FOOD SECURITY AND REDUCE
POVERTY

Food security and weather-risk management are inextricably linked: drought risk management,
or the lack of it, determines the level of systemic risk in the food security system. The exposure
to drought risk drives overall food insecurity. This big risk can be internalized and managed well
and/or it can be transferred. The management of drought risk involves adapting production,
making markets function, establishing effective social safety nets and preparing for food
emergencies through ex-ante emergency risk management.

The pyramid in Figure 1 demonstrates how weather risk permeates these four main
interdependent components involved in food security. The components may be interdependent,
but not in an equal manner. Functioning markets form the firm foundation, without which higher
smallholder productivity cannot be achieved. Consequently, social safety nets and emergency
risk management schemes cannot function effectively. The characteristic of interdependence
arises during times of real food crises. Without social safety nets and food, which is supplied
through effective ex-ante and ex-post emergency risk management schemes, it is politically and
socially problematic to establish functioning markets.

As is evident in Figure 1, weather-risk transfer is one potentially important element of each of
these four components. This transfer of drought risk occurs at all levels — micro, meso, and
macro — where society can transfer part of the risk out of the country for a premium, a feature



addressed in Chapter 3. This chapter will address the four inter-related features of weather-risk
management.

Figure 1: Food security pyramid
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FUNCTIONING MARKETS

Malawi is characterized by low smallholder productivity and this is often caused by non-
functioning input and output markets. Smallholders often farm maize for subsistence purposes.
Any surplus maize sold on the market fetches meager and unpredictable profits; therefore,
smallholders tend to invest little in their crops. This under-investment is worsened by the limited
access that smallholders often have to seed and fertilizer markets, particularly since fertilizer and
chemicals are sold at a premium.” As a result of all this, input suppliers have little incentive to
cater to smallholders, especially in remote areas.

Financial markets also fail rural producers because smallholders have very limited access to
input financing. Rural financial services such as production credit for smallholders are virtually
unavailable because of weather, government, moral risks, and high transaction costs in rural
areas. Weather risks, particularly drought, flood, and cyclone risks, abound in Southern Africa,

? Subsidization of inputs rarely had the desired effect of making them more available and affordable to smallholders.



which leads to widespread defaults on loans. Since smallholders have little or no collateral
besides their crops, this systemic or covariate risk can wipe out entire rural finance portfolios and
create a high entry barrier for banks. Drought-exposed maize, in particular, attracts very little
financing.'” Moreover, until recently, banks in the area were comfortable investing in profitable
low-risk government securities.''

Government intervention in input and output prices for maize farming make the business
environment for input suppliers and traders very unpredictable and risky. Thus, traditional
transmission mechanisms do not work and input and output markets fail the participants with the
least purchasing power and the highest transaction costs — mainly smallholders. Maize output
markets are often distorted by state interventions in supply and prices. For instance, in Malawi
the state maize marketing board used to guarantee a maize purchase price of 17 MK, which was
meant to benefit consumers across the country, but effectively dis-intermediated local markets.
The unpredictable nature of maize purchases and maize releases by the Agricultural
Development and Marketing Corporation (ADMARC) and the National Food Reserve Agency
(NFRA) distorted markets and negatively affected producer incentives.

Functioning markets are the way forward. Functioning input, output, and storage markets are the
basis for food security. Only if farmers and traders have proper incentives to produce any
intermediate goods, will people have access to food in times of crises. Markets for goods,
services, and labor need to function across boundaries. Trade restrictions such as high tariffs and
even temporary bans on food exports, for example, distort incentives and disrupt traditional
markets that transcend borders.'? For instance, in Malawi the transition from a tightly controlled
centrally planned marketing board-run maize regime to a liberalized market is difficult. In fact,
an incomplete liberalization, such as free input markets but not fully privatized output markets'’
can lead to worse outcomes for farmers and consumers. In summary, there is no reason why
countries such as Malawi and Zambia should not be net exporters of food since agro-climatic
conditions are relatively good, despite the volatility in rainfall patterns.

With incomplete or failed markets, remote areas tend to be underserved by traders, especially if
traders can expect the government or donors to intervene with free or under-priced food supplies.
Functioning markets for storage and financial services are therefore crucial, especially in remote
areas. If traders have access to storage in or near these areas and even access to financing based

1 The comparison with cotton farming in Zambia is interesting. Cotton ginners and traders finance inputs and provide advice to
farmers with extremely low default rates. Margins are higher and predictable due to: a) the absence of state interventions in that
market b) drought resistance of cotton and c) labor intensity of cotton, which makes it very competitive in Zambia. These same
traders would never touch the highly politicized and lower margin maize.

" Government risk is constituted by the following: a) the threat of debt moratoriums or other interventions in the creditor-debtor
relationship in the name of social motives and b) intervention in price markets that devalue the only collateral that smallholders
hold: their crops.

2 For example, Southern Malawi and Northern Mozambique share the same markets, people, and languages and traditionally
trade with each other across the (artificial) border that separates the two countries.

1> In Malawi there are signs that ADMARC cannot afford to store or purchase inputs in any meaningful manner, but private
sector players have largely held back due to concerns over potentially adverse unpredictable price interventions by ADMARC or
NFRA. The most recent FAO Food Crops and Shortages states that “ADMARC has now been mandated to operate as a
commercial company buying and selling maize and other agricultural commodities for profit. Private traders interviewed by the
mission are unsure of the government's subsidization policies and are, therefore, taking a ‘wait and see’ attitude before engaging
in maize trading.”



on stored commodities (warehouse receipt financing), they can increase turnovers and cost of
carrying. As a result, competition in the area increases and food prices decline. At the same time,
farmers in the area can store their produce and thereby smooth sales over the season and
maximize revenues. Intra-annual maize price swings can go from 5 MK/kg up to 45 MK/kg."*
Small granaries, at the village level, would help to store maize adequately for the lean season
(just before harvest). In Malawi, the government could rehabilitate storage space, particularly in
remote areas and lease it to private parties. The supervision of maintenance, produce, and
warehouse operators, along with a credible pledge not to intervene in output prices are all crucial
elements of this venture.

Properly functioning markets would fuel diversification of production and consumption away
from the monoculture of maize. The overwhelming importance of maize is not necessarily
culturally-determined or culturally-sensitive. Actually, it appears that at the beginning of the
century, nutrition patterns in Malawi were much more varied than today. In functioning markets
served by traders, information about alternative commodity prices and opportunities as well as
farming practices would travel quickly. Regional and global markets need to function better
through free trade of grains across borders. Tariff and non-tariff restrictions hamper the flow of
food across borders and the most efficient allocation of resources. In addition to transport
problems and other logistics, these barriers drive up food prices and exacerbate crises.

The objective of functioning markets requires reforms of the food aid system. Food aid provided
in-kind can drive down the domestic price of food, undermining domestic food production. If
distributed outside of normal commercial marketing channels, it can also displace local traders
and reduce their incentives to invest in infrastructure, especially in food deficit regions.
Furthermore, food aid has often been poorly timed because decisions are driven more by the
need of donor countries to dispose of surpluses to maintain high domestic prices, rather than the
needs of food-deficit countries. This is illustrated by the strong negative correlation between
food aid shipments and US Wheat Prices, as seen in Figure 2.

Figure 2: US Food aid shipments and Grain prices
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FEWS-Net Malawi, quoted by Malawi Emergency Food Security Assessment Report, February 2003; p. 18.



Source: USDA and World Bank

Governments can facilitate private input and output markets in remote areas. It could do so
through provision, subsidization, or leasing of existing infrastructure (warehouses, shops),
warehouse receipt financing, and small granaries. In Malawi, the warehouse receipts system
could provide for an ongoing productive role for ADMARC’s storage and market facilities
around the country. In addition, the government can tender subsidies for traders and input
suppliers for the coverage of remote areas. Clearly, the government should stay out of grain
trading. Centrally planned buying and pan-territorial pricing might encourage the growing of rain
fed white maize in places where soil and/or climatic conditions are not suited to that crop.

HIGHER SMALLHOLDER PRODUCTIVITY

Food security is based on adequate smallholder productivity so smallholder productivity in the
appropriate crops needs to be raised. Food security has a supply-side dimension only to the
extent that increased national food production may bring down the price of food-stuffs below
import parity. There is ample room for increased and sustainable national food production. Most
of smallholder agriculture in Southern Africa outside South Africa produces in sub-optimal
conditions and with dismal yield results due to market and technological factors, as seen in figure
3. Local maize average yield across all extension planning areas between 1984 and 2002 was
0.88 MT/hectare, 2.2 MT/hectare for hybrid maize, as seen in figure 4. Extension services have
been reduced due to budget cuts. Area-specific farming practice advice is not available for most
smallholders. For example, in some areas in Malawi, maize production is inappropriate, but
farming advice regarding proper crop choices and farming practices is difficult to come by for
most smallholders. Choice of seed and fertilizer follow a blanket Malawi crop calendar and input
schedule that extension service promotes across the country. However, soils and agro-climatic
conditions vary significantly'>. Soil analyses could reveal yield potentials for each agro-
climatically homogenous area.'

"> The authors suggest to improve upon the public extension service by adapting available precision farming
techniques to smallholder farming conditions and available public and private extension channels. Thus, specific
localized farming advice can be given. In Malawi and Zambia, the mission proposes a pilot project for smallholders.

16 For example, Malawi has 153 relatively homogenous extension planning areas (EPAs).



Figure 3: Maize yields in SADC countries 1990 - 2003 (FAO stats)
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Figure 4: Maize yields in Malawi
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Table 2. Malawi: Yield gap between smallholder farmer and research

Average Farm-level

Crop Yield" Research Yield Yield Gap

(kg/ha) %
Maize 1,369 8,000 83
Local Maize 838 8,000 90
Hybrid Maize 2,195 8,000 73
Pulses 564 2,000 72
Groundnuts 768 4,500 83
Rice 1,764 3,500 50
Tobacco 751 2,000 62
Cotton 880 2,000 56

Notes: a. Five year average Source: Malawi Ministry of Agriculture, Irrigation and Food Security (2003).

ESTABLISHMENT OF SOCIAL SAFETY NETS AND EMERGENCY RISK MANAGEMENT SYSTEMS

In drought-prone countries, the distinction between social and emergency risk management
appears to be blurred. This is because a chronically drought-stricken community that is not able
to engage in productive farming, nor seek other sources of income, becomes chronically
dependent on “social” transfers from society. This situation persists since the community
continues to live within a context of permanent “emergency” conditions brought on by
continuous droughts. The overlap between the two situations is rarely evident because extreme
emergencies are believed to occur only once every 10 or 20 years. If conditions in an area
deteriorate to a point where an emergency seems to be permanent, though, as described above,
the definition of the term “emergency” has to be revised to reflect the harsh reality. In practice,
social risk management would replace emergency interventions, should society decide that the
area under consideration requires that form of support.

The government and donors need to distinguish between social safety nets and emergency risk
management because target groups, types of intervention, and the timing of interventions are
very different for these two schemes. Social safety nets involve the transfer of resources to
vulnerable groups which are temporarily or structurally in need of extra resources in order to
survive and return to normal status. In theory, these target groups have a risk exposure to
idiosyncratic events such as sudden illness, death in the family, or a sudden loss of income
sources. Conversely, emergency risk management refers to the management of resources in times
of an abnormal crisis due to a systemic shock which, prima facie, affects entire communities
regardless of their income status. From this it can be seen that chronic malnourishment due to
social vulnerability, for example, requires very different measures than a similar state caused by
catastrophic interventions. This blur between ‘real emergency aid’ and ‘social transfers’ creates
rent-seeking opportunities. For instance, it has been seen in several cases that government
officials can declare food security disasters in order to distribute food from emergency risk
management reserves under the guise of addressing urgent social needs. The conditions start to
fester as this situation presents opportunities for grain to be diverted to hoarding traders and
kick-backs to be sought.
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There is another reason why government policy needs to distinguish between the two types of
intervention — to protect the integrity and effectiveness of emergency risk management. A
government that uses national physical strategic grain reserves (SGRs) to remedy perceived or
real short-term food needs of certain parts of population jeopardizes the system when it will need
to address a real food emergency, which, it must be stressed, is the raison d’étre for the existence
of such an SGR. This has been witnessed in some cases where the SGRs have simply been
depleted before a predictable crisis situation and have had to be replenished in high price periods.
It has also been seen that the distribution of cheap grain in pre-electoral times, to woo voters, can
further distort incentives for farmers to produce and market grains. Rent-seeking opportunities
further compound the problem of un-timely and inefficient grain reserve distribution.

An influx of foreign food aid which is not governed by a clear and targeted emergency risk
management strategy can further distort incentives in the market. World Bank staff have
suggested some principles to guide donors and beneficiaries in designing and administering food
aid schemes (Nash, 2004):

¢ Food aid should be made in full grant form, and should only be used to address the needs of
vulnerable groups or as a response to an emergency (to be determined by the United Nations
(UN)).

e Cash aid should be used unless in-kind food aid is a more appropriate response to the crisis
(for example, because marketing channels do not function effectively, or in-kind aid can be
better targeted to the individuals in need).

e As a general rule, food purchases should be made from other developing countries and from
food-surplus areas of the country that are being assisted. The country receiving food aid
should never be used as grounds for food-surplus disposal from industrial countries.

e Food aid, particularly if given in-kind, should be targeted in order to avoid disrupting local
markets.'” Impact assessment on marketing and local incentives should be undertaken, and
designs altered, or mitigation undertaken when negative impacts are observed.

e Food aid should be integrated into a broader rural development strategy that looks at the best
investments to provide food security and poverty reduction over the medium term. This will
almost always mean a rapid phase-out of the food aid once growth starts.

e Food for work should be the exception whilst work for cash should be the norm.

The most appropriate level at which long-term structural food insecurity should be addressed is
the household (Nash, 2004). The fundamental cause of long-term structural food insecurity is
poverty, that is, the lack of purchasing power. There are ample supplies of food in global markets
to feed the world and a well-established trading system to ensure that it gets to areas where there
is the demand for it. If the poor had sufficient incomes, this would translate into effective
demand, and food insecurity would cease to be a problem except in certain transitory situations,
such as natural emergencies. Since structural food insecurity exists primarily because of a
demand-side problem — lack of purchasing power by the poor — it must be addressed by raising

7 Following a policy that is not biased against non-food production is not actually bad for food production — rather the two go
hand in hand. General good agricultural policy environment is good for both; cash crops give funds to buy inputs for food
production.
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incomes of this group. There are legitimate concerns over short-term disruptions to supply, from
either manmade or natural disasters. But the effects of temporary disruptions could be mitigated
through other measures, such as stockpiling of moderate reserves, improving distribution
channels, reforming food aid which would be much less costly than efforts to achieve self-
sufficiency. Barring war, natural disasters, artificial barriers to trade, and macroeconomic
disruptions sufficiently severe to impede imports—if individual households have adequate
purchasing power, national food security follows almost automatically.

Many social safety net schemes exist. Key lessons for establishing cost-effective safety nets in
low income countries are:

e Safety net expenditures need to include the finance of some productive investments in order
to contribute to longer-term poverty reduction.

e Pure transfer programs need to target very selective groups.

e Programs need to have multiplier effects and leverage funds to help households reduce risks
and/or diversify activities.

To deal with information problems, programs need to be self-targeting.

The timing of these programs is important to provide counter-cyclical funding following
shocks.

e Programs need to be kept as simple as possible to deal with the administrative constraints in
low-income countries, for example, avoiding multiple, overlapping programs in favor of one
or two simple programs that could be easily implemented (Smith and Subbarao, 2003).

Effective ex-ante emergency risk management requires good early warning systems and accurate
production estimates. Accurate localized production estimates of all crops are the indispensable
basis for effective interventions. Currently, early warning systems by FEWS (United States
Agency for International Development (USAID)) and GIEWS (FAO) provide good indications
as to the direction of production but fail to accurately predict catastrophes or to provide accurate
production estimates.'® Satellite imagery-based production estimates based on vegetative indices
are often inaccurate due to the low resolution of the images and the insufficient geo-referencing
or “ground-truthing” of the production areas.'” Thus, most practitioners tend to take early
warning system information with a touch of skepticism, using it as an indicator rather than fact.
However, GIEWS and FEWS provide local maize market price developments that are often the
best early indicator for upcoming shortages.

'8 For Example in Malawi, March 2002, FEWS NET acknowledged that its previous assertions about the level of food
availability in Malawi may have been over-optimistic, being biased by exaggerated production estimates for root and tuber crops.
“There is debate over high production figures of cassava, including sweet potatoes, with some suggestion that these figures are
over-estimated”.'® FEWS NET attributed this over-estimate to the Ministry of Agriculture’s practice of estimating the amount of
cassava in the ground, rather than the amount ready for harvesting in a given year. In Malawi FEWS NET relies, or at least used
to rely, strongly on Ministry of Agriculture production estimates. Indeed, FEWS NET contributes to and guides these production
estimates as well.

' For example in Zambia FEWS NET tended to predict large flood damage in the Southwest of the country, whereas the
situation on the ground was relatively normal. In fact, flooding is a recurrent phenomenon in certain areas.
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An SGR is needed in order to respond to sudden and immediate food emergencies™. The SGR
would be governed by clear, simple and transparent rules for the purchase, roll-over and release
of grain in food emergency situations. The monitoring and regular audits of the inventories in
modern warehouses and sheds equipped with infrared sensors and cameras are essential for
management purposes; electronic tracking of all grain movements complement the technical
aspect. The management of the reserves should be outsourced to a third party which is
accountable to the state or an independent agency, NFRA in the case of Malawi, as well as an
oversight body with representatives from smallholder and large producer organizations, traders,
and the relevant ministries. The oversight body should be independent, based on a food security
law that lays out the principles (only emergency aid) and rules for the operation of the SGR.”!
The oversight body should have an independent governor along the lines of independent Central
Banks (such as Bundesbank in Germany or the Federal Reserve Bank in the USA) supported by
a small secretariat that has full access and control of grain facilities.

Questions have been raised about the feasibility of regional physical grain reserves over national
grain reserves. The rationale behind setting up a regional grain reserve is that portfolio effects
among SADC countries would make it more efficient to distribute grain to countries rather than
buying it on the market since in the current second best world, grain markets fail the final
consumers through lack of supplies or abnormally high prices. Benefits could arise from
portfolio effects leading to smaller reserve levels or from the additional “independence” and
freedom from political interference stemming from the supranational nature of regional strategic
grain reserve management. The concerns that have been raised are on a technical and a
managerial/political economy level. Firstly, the additional regional dimension would add
transaction costs, complexity and complication to the operation of strategic grain reserves
without adding substantial benefits. Portfolio effects would probably be offset by additional
transport costs and additional transaction costs due to intergovernmental and inter warehouse co-

2 In West Africa, physical food reserves, where they are still maintained (e.g. Burkina Faso, Chad, Mali, Mauritania, Niger), are
now at much reduced levels and are for emergency relief. The maximum physical stock has generally been set at levels
representing no more than three months of anticipated import requirements in a poor year. Most national food reserves also
include a financial component; however, in the absence of a serious food crisis in the Sahel in recent years, the financial
component has been used for rural development activities. Establishment of Regional Food Security Reserve Systems in Africa,
FAO 2004.

21 A successful food reserve management system seems to be in place in Mali. In 1981, as part of the structural reform process, a
unique multi-partner structure was put in place in Mali to manage a counterpart fund created through monetization of food aid
with the aim of financing a comprehensive programme for restructuring the cereal market. Now in its sixth phase, the PRMC
represents a fully mature integrated food security reserve system, operating within the context of a liberalised marketing
environment. The system is comprised of the following elements: early warning system, market information system, national
security stock of 35,000 tonnes, emergency intervention unit, joint counterpart fund, and food security fund. This system has
functioned well over the years, and represents one of the models that could be considered for adaptation and replication
elsewhere on the continent. Both in Mali and in the sub-region it is considered as a particularly effective model for coordination
between government and development partners. Its efficacy has been due to the informality and flexibility with which the
coordination functions within the Malian administration, among donors and between the two, have been carried out. In
Mozambique, WFP pre-positions food stocks in strategic locations that allow distribution to remote areas where access may by
closed in the event of heavy rains or floods. Normally, two months’ worth of rations is pre-positioned in November, prior to the
onset of the rainy season. In 2003, WFP increased storage capacity by placing ten temporary storage tents at strategic points
throughout the southern and central regions of the country. It also acquired a fleet of 6x6 trucks to facilitate transport of food aid
in remote areas. Pre-positioning food aid represents another possible instrument which could be used in some instances to help
build up a regional food security reserve system for Africa, provided that the rules and procedures for building up and releasing
such stocks are carefully spelled out, and that the food aid reserve functions so as to encourage, rather than discourage,
development of private grain markets. FAO 2004.
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ordination needs. The second potential benefit of supranational independence would probably be
outweighed by the difficulty of administering grain releases and avoiding free-rider problems.
That aside, the biggest obstacles for a regional physical grain reserve can be found in its set-up,
rules of access, management, political feasibility and sustainability, and lack of successful
precedent. These difficulties are not to be undermined. In West Africa, for instance, an attempt to
set up a physical regional strategic grain reserve failed.

ALLEVIATION OF WEATHER SHOCK-INDUCED POVERTY

Weather shocks and the coping strategies that people adopt in response to these shocks, tend to
increase poverty levels. This is because the shocks deprive people of their assets, and the coping
strategies often result in reduced endowment levels. Ex-ante risk management strategies, namely
over-diversification of crops and assets as well as under-investment in crops, trap people in
poverty. The poor and vulnerable therefore lose income due to these portfolio choices and
subsequently become less likely to adopt new technologies. This cycle of events impedes capital
accumulation.

The ex-post weather shock has an impact on household incomes over long periods (5-10 years).
Evidence on nutrition and education suggests that, for instance, in Zimbabwe, after a drought,
children face up to 7% lower lifetime earnings due to lower height and lower school attainment.
Evidence from India and Indonesia indicates that children are taken out of school with possible
permanent effects (Dercon, 2004). In Madagascar, simulations of poverty change show that 75%
of the predicted change in household economic well-being and poverty incidence can be traced
to the effects of drought (Paternostro, 2001). In Ethiopia, evidence on growth in food
consumption between 1989 and 1997 in six villages surveyed by Dercon reveals that bad rainfall
shocks have long-lasting impact (lower growth for 5-10 years). The extent of suffering during
the famine of 1984-85 affected growth in the 1990s. Evidence on the cost of risk from many
contexts, including Ethiopia, points to risk-induced poverty persistence and possibly even
‘poverty traps’, or situations from which no escape is possible using one’s own means and
resources, even if there is substantial growth in the economy.

As a response to this, Dercon recommends strengthening ‘risk coping’, mainly stimulating self-
insurance, by offering better savings products, accessible to the poor (in-kind and in-cash);
building on indigenous insurance schemes (such as community or funeral societies); developing
insurance products suitable for the poor — preferably those with easy access and easy triggers
(i.e., rainfall insurance, possibly linked to credit for inputs) (Paternostro, 2001).

3. ONE INSTRUMENT: WEATHER-BASED INSURANCE

The study chooses to investigate weather index insurance because food security and weather risk
management are inevitably linked: weather risk management, or the lack of it, determines the
level of systemic risk in the food security system. Furthermore, weather related agricultural
production shocks also conspire to keep smallholders within the poverty trap, preventing the
country from reaching its productive potential in the agricultural field.
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Other forms of insurance, such as traditional crop insurance, are not being considered in this
report. Malawi and other countries have experimented with traditional crop insurance without
success. In fact, one can go so far as to state that traditional crop insurance is a global failure —
multi-peril crop insurance (MPCI), which covers all yield risks and adjusts losses on the
individual farm, is plagued by moral hazard®*, adverse® selection, and high monitoring and
administrative cost. In the words of Skees, Hazell, and Miranda (2005):

“The financial experience with publicly-provided, multiple-peril crop
insurance has been disastrous. In all cases, programs are heavily subsidized
and governments not only pay part of the premium, but also most of the
delivery and service costs, and they cover aggregate losses even when the
losses exceed targeted levels over long periods of time.”

Currently, agricultural insurance products are not available in Malawi. Limited experience in the
past (NICO General Insurance Company Ltd.) has proved unsuccessful due mainly to problems
with fraud and excessive losses. Also, agricultural insurance in Malawi requires international
reinsurance, because total reserves of insurance companies are very limited and crop failure risk
is a highly correlated risk with low retention rates. A series of studies have underlined that
traditional crop insurance policies do the following: a) depend on subsidies b) tend to distort
incentives ¢) can be costly in terms of excessive environmental risk-taking d) can be inequitable
as large farmers tend to pocket most of the subsidies and e) require high levels of expertise in the
areas of loss adjustment.

This chapter will delve into the various levels at which weather-based insurance can be used and
is divided into several sub-sections. The risk profile at both country-level (Malawi) and regional
level (SADC) will be analyzed first. The second sub-section will deal with micro applications of
weather-risk management at the farm level whilst the third sub-section will look at the macro
level, how Malawi can insure its drought and flood risk in weather-risk markets. The SADC risk-
profile will then be analyzed and a possible SADC weather-risk fund, which can insure SADC
member countries such as Malawi, is introduced. Finally, the pre-requisites for weather-risk
transfer out of the SADC region are outlined.

TRADITIONAL CROP INSURANCE VERSUS WEATHER INDEX INSURANCE

Traditional multiple-peril crop insurance that indemnifies losses on individual farm basis is
subject to high administrative costs in order to overcome the problems of adverse selection and
moral hazard. It also requires significant investment in monitoring farm yields to prevent both
higher losses than the initial rating and serious actuarial problems. Furthermore, multiple-peril
crop insurance has large correlated risks, so it requires the extra cost of providing reinsurance.
These extra costs can be quite high in an emerging economy with little or no experience in

22 The risk of the insured party altering the outcome of the insured event.

2 The risk of an overrepresentation of high risk (“bad risks™) in the insurance pool. The larger the information asymmetry, the
stronger are adverse selection effects.
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providing insurance of this type. These conditions mean that traditional multiple-peril crop
insurance is not a workable solution for most of agriculture in SADC countries.**

One form of agricultural insurance that mitigates these added costs is weather insurance. Payout
is determined by an objective parameter such as the combination of a series of weather-related
metrics—for example, millimeters of rain, soil moisture, etc. Weather index insurance is well
suited to the agricultural production in regions in Ukraine where there are wide spread crop
losses due to drought and frost. The monitoring costs of weather insurance are less as there is no
need to perform farm-level loss adjustments and the balance of information about the weather is
equally shared by the insured and the insurer (unlike with traditional farm-level insurance where
the farmer will always know more about the yield than the insurer). Thus, weather insurance
could be a preferred alternative to crop insurance, as it avoids moral hazard problems and high
administrative costs. Furthermore, the reinsurer is more likely to provide better terms when the
insurance is based upon weather events and not farm-level losses.

WEATHER RISK: COUNTRY (EXAMPLE MALAWI) AND SADC LEVEL

Drought: There are four perspectives on drought: meteorological, hydrological, agricultural, and
socioeconomic.” The first three are defined as follows:

e Meteorological drought is usually defined in terms of deviations of precipitation from
normal levels and the duration of dry periods in a region.

e Hydrological drought deals with surface and subsurface water supplies such as stream
flow, reservoir levels, and ground water. This second type of drought is brought about by
extended periods experiencing a lack of precipitation, which causes the afore-mentioned
water supplies to drop below normal levels. Since it can take longer periods of time for
the lack of precipitation to impact these water supplies, hydrological droughts usually lag
behind meteorological droughts.

o Agricultural drought refers to situations in which moisture in the soil is no longer
sufficient to meet the needs of crop growing in an area due to insufficient rainfall and
other adverse weather conditions. Definitions of agricultural drought must account for the
susceptibility of crops during different stages of development, the biological and
physiological characteristics of the crop and the properties of the soil.*

The socioeconomic perspective on drought refers to situations that occur when water shortages
begin to affect people and their quality of life*’. Associating economic impact with elements of
meteorological, hydrological and agricultural drought, socioeconomic drought refers to situations
where demands for products - drinking water, food, hydro-electric power — cannot be satisfied
due to a weather-related short-fall in supply. In developing countries such as Malawi, the impact

2 Only a few large and commercial farmers in some countries such as South Africa would have, or do have, sustainable access to
this type of insurance. For others, the added transaction and moral hazard management costs make the product prohibitively
expensive.

 According to the US National Drought Mitigation Center.

2% This section focuses on drought, because it is the most important and pervasive risk in Malawi and across SADC.
Clearly there are other weather risks, mostly insurable as well, such as flooding and cyclones.

27 According to the US National Drought Mitigation Center.
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of socioeconomic drought usually takes the form of food emergencies requiring external donor
aid. Whereas, the first two perspectives focus on the operational definitions of a drought by
defining drought severity, frequency, and duration, the latter deal with more conceptual issues.
These can help establish drought policy for a region by focusing on the crop growth potential of
a specific area or on the economic health of a country and its people. There is no single
definition of a drought in relation to its socioeconomic impacts. Stress on a system can come in
many forms and act on many different temporal and spatial scales.

Tackling the issue of weather-risk management for a Southern African country such as Malawi
requires solutions that consider all temporal and spatial scales. In this context, three natural and
complimentary approaches to managing risk associated with weather in Malawi arise: a) Micro
weather-indexed insurance — agricultural weather insurance for farmers b) Macro weather-
indexed insurance - government budget insurance, and ¢) SADC-wide cooperation, through a
regional weather-risk fund.

Malawi: In order to determine Malawi’s weather-risk profile, data analysis was undertaken to
determine a) the occurrence of drought over time b) geographical differences in rainfall
distribution, and c) the spatial correlation of rainfall in different regions of the country. To this
end, rainfall data were collected from 13 of the 22 official Meteorological Office weather
stations in Malawi, as seen in the map at the back of the text. These stations exhibited long
historical records with very few missing data points and were selected to give a good spatial
representation of rainfall throughout the country.

Occurrence of Drought Over Time. A meteorological drought can be defined by seasonal
cumulative rainfall (October-April) falling below 75% of the long-term (40-year) average
recorded at each weather station. Previous research has shown that this mark of “75% of normal”
is often associated with dry events (Hayes). This percent-of-normal definition is a simple and
effective method of defining a meteorological drought for a specific region and period. It
summarizes how often meteorological droughts have occurred in the past 40 years at each of the
13 stations. On average, two meteorological drought events happen each year and the historical
analysis shows that the number of stations experiencing a drought event, at any one time, can
range from zero up to seven stations each year. These results indicate that drought situations can
and do occur not only on local (for example, 1972, 1988, 1991) and regional (for example, 1966,
1997) scales but also on national levels (for example 1992, 1994, 1995). The latter are usually a
combination of a regional drought in the south with another drought event in the central (for
example, 1992) or even northern regions (for example 1994). The years 1992 and 1994
correspond to events when the average seasonal rainfall throughout the whole country dropped
below the 75% threshold.
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Table 3: Total Number of Stations Experiencing a Meteorological Drought, Harvest Years 1965-2003

Number of Weather Station

Year meteorological droughts | 1 2 3 4 5 6 7 8 9 10 11 12 13

1965 0

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

— | | | —

1997

1998

1999

2000

2001

2002
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2003

Source: Authors

Geographical Differences in Rainfall Distribution. Malawi exhibits some geographical
differences in rainfall variability, particularly concerning drought frequency. Table 4 shows the
seasonal (October-April) cumulative rainfall statistics for the 13 weather stations and the
frequency of meteorological droughts recorded at each station. A meteorological drought in the
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hilly region of Dedza (Station 9) is a rare event, happening only twice in the past 40 years.
However, in the more variable eastern plains of Salima and Mangochi (Stations 10 and 12),
meteorological droughts occur more regularly - on average, four times in every 10 years.

Table 4: October-April Cumulative Rainfall Statistics, Harvest Years 1965-2003

Station Name and Number WMO*N  Average Standard Coefficient of 40-yr Met. Drought
Code o. Rainfall Deviation Variation Frequency
(mm)

1. CHITIPA 67421 953 202 0.21 6

2. KARONGA 67423 1028 262 0.25 7

3. MZIMBA 67485 869 162 0.19 3

4. MZUZU 67489 1084 234 0.22 9
5.NKHATA BAY 67493 1383 372 0.27 7

6. LILONGWE 67586 845 173 0.20 5

7. CHITEDZE 67585 865 192 0.22 7

8. NKHOTAKOTA 67591 1425 363 0.25 9

9. DEDZA 67689 915 159 0.17 2

10. SALIMA 67597 1227 381 0.31 10

11. CHILENA 67693 858 198 0.23 7

12. MANGOCHI 67695 729 239 0.33 11

13. THYOLO 67793 1128 256 0.23

1-13 AVERAGE - 1024 146 0.14 2

* World Meteorological Organization weather station number code. Source: Authors

Spatial Correlation of Rainfall between Regions. From the data in Table 5 it is clear that central
and southern stations show some degree of correlation in their inter-annual variability. However,
at the same time, correlations between relatively nearby stations can still be weak, like Mangochi
and Thyolo (Stations 12 and 13). Stations in the north vary somewhat independently from the
rest of the country and only exhibit weak positive c