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1. Introduction

There has been much careful micro-level research on the impact of serious shocks on living standards in Africa and elsewhere in the developing world (for selective reviews, see Morduch 1999; Dercon, 2002). The shocks studied on African data are varied: droughts, floods and other agro-climatic shocks, health and mortality shocks, conflict, and other man-made disasters, reflecting the extent and diversity of risks faced by these populations. Surprisingly, there has not been any attempt to review this evidence in the context of disasters, defined as large scale shocks, affecting large numbers of people at the same time, risking large scale human hardship including famine. This paper will make an attempt to bring some of this evidence together, structured around the key disasters that affected, and draw some general lessons for development policy for Africa. 

Much of the micro-level research on disasters in Africa has to be opportunistic, and the evidence summarized in this paper reflects this. The reason is simple: to study the impact of disasters on growth and poverty at the micro-level, data availability is a serious constraint. Ex-post impact studies (e.g. based on cross-section data collection in areas that experienced a drought) can tell something about the experience of drought, but it is hard to make robust statements on actual impacts, as counterfactuals become hard or impossible to define (“What would have happened to this sample if the shock had not occurred?”).  Most of the quantitative microeconomic work on disasters therefore has to rely on areas in which, often more due to coincidence rather than design, data collection had been taking place before serious disasters struck, so lessons can be learned on their short-run impact. Even less common is the study of the long-run impacts, for example on growth or human capital accumulation. 
As a result, this review will at best be rather incomplete, with clear gaps and lack of evidence on certain countries, contexts, disasters and impacts. Nevertheless, we can offer some evidence on diverse countries such Ethiopia, Zimbabwe, Burkina Faso, Madagascar, Tanzania, Cote d’Ivoire and Kenya. In terms of the natural disasters we can document, with a few exceptions, drought is the main one for which we can offer clear evidence. As our discussion in the paper will reveal, an inspection of aggregate disaster data suggests that drought is still the most common natural disaster in the region, or at least in the countries studied. Furthermore, by their very nature, and given the longer term displacement it often involves, disasters such as floods, offer less evidence, as standard longitudinal designs cannot capture these disasters well.  Nevertheless, we have some evidence from Madagascar on the impact of a cyclone. 
Despite its shortcomings, a review like this is nevertheless important, to highlight the emerging lessons but also to point to the gaps in our knowledge. Even more important, the mounting evidence on global climate change and its likely impact on Africa would suggest that the recurrence and virulence of hydro-meteorological hazards, such as droughts and floods will increase. 
In the next section, we will first briefly discuss a simple conceptual framework. Our key question is: what is the impact of disasters on welfare outcomes? First, it is crucial to distinguish the short-run and long-run implications of shocks. Shocks may have serious consequences in the immediate aftermath of a crisis, for example in terms of nutrition or health. However, observing relatively low mortality, disease or serious malnutrition is not quite the same as ensuring there is no long-term impact. Households use costly strategies to cope with the aftermath of a shock: in order to survive or just lessen the impact of the shock, they may need to sell off assets, take children out of school or undermine their long-term health. Similarly, public support may help to keep nutrition and mortality under control, but it may still have come too late to avoid long-term losses in health or assets. Policy makers typically have focused on the short run costs (and some of the aggregate data sources reflect this). As our discussion of the evidence will make clear, short run costs are substantial, but the limited evidence on long-term effects suggest that they are typically serious and persistent. Related, the nature of the impact is also essential in any empirical evaluation. Short-run costs may be largely in terms of consumption or asset losses, or focus on specific groups, such as children, resulting in intergenerational impacts rather than immediate effects.  Obviously, this leads to difficult questions, such as understanding why these impacts can be different in different contexts. The evidence is by no means complete on this point. 
In section 3, we use the EM-DAT disaster database to put our micro-level evidence in the macro-context from Africa. In section 4, we then turn to the details of the micro-studies. Section 5 concludes, offering some key policy lessons and suggestions for further action. 
Our results can be summarized as follows. First, the findings in this paper echo the important conclusion reached in the classic study by Dreze and Sen (1998), that appropriate public action can avert large scale consequences in terms of increased mortality and extreme deprivation often identified with crises in Africa. Few of the disasters in the EM-DAT actually resulted in very large scale mortality. Of the cases studied, the key examples of high mortality (Ethiopia, Sudan, Mozambique) were drought crises in the context of civil war and conflict. The Ethiopian case is worth highlighting in this respect, with repeated crises related to drought leading to high mortality in 1983-84. Strikingly, a crisis of an even larger scale in terms of people affected, in 2002-03, resulted in relatively low mortality. The explanation has to lie in much better responses in the more recent crisis, compared to earlier, although the key reason was without any doubt the fact that the earlier crisis took place in the context of civil war and a local political economy that relied on repressing the news of a famine for political reasons. In non-conflict situations, the scale and quality of public action, combined with effective private responses by affected households have proved sufficient to avert massive loss of life directly attributable to the crises. 
Secondly, the micro-evidence reported in this paper qualifies this seemingly optimistic result. As many of the studies reviewed suggest, despite low mortality, many of these disasters, have serious impacts on households in many other dimensions, such as consumption and nutrition, even if the apparent official view is that public action, via the national government, NGOs and the international community, handled the crisis well. For example, we show evidence from the 2003-04 crisis in Ethiopia illustrating how a relatively well-tackled drought still resulted in serious hardship in the period after the crisis. 

Thirdly, the available evidence also shows important long-run consequences of serious disasters, causing persistence in poverty. For example, evidence is available from Zimbabwe, Tanzania and Ethiopia in a number of dimensions, including loss of assets, stunting and lower educational attainment in the long run. Related, given the importance of health and education in the transmission of poverty from parents to children (with strong correlations of poor parental nutrition and low education contributing to lower child health and education), the evidence suggests intergenerational consequences of single disasters.  
For policy purposes, a number of key lessons emerge. First, the quality of the response during disasters is clearly not sufficient, even if in most cases serious mortality can be averted. All the disasters studied with micro-data suggested significant impacts on a number of dimensions of well-being. The typical responses still do not appear to be sufficient to avoid this hardship.Secondly, more attention should be given to the post-disaster monitoring and evaluation of the long-term impact of both the disaster and the response. Our evidence suggested that even if short-run consequences did not appear severe, long-term effects remain present. Closely related to this, we observe a standard fallacy in the nature of the response in the post-disaster period. Often, in the spirit of moving rather quickly from relief to development, one tends to switch from focusing on the affected to broader ‘poor’ groups, in the spirit of averting further problems. The micro-evidence available on long-term consequences of disasters shows that those previously affected by disaster continue to be specifically vulnerable. 
A specific group in this respect are children of specific ages. At most ages, periods of poor nutrition are harmful but a substantial part of the nutritional deficiencies can be resolved subsequently. For example, temporary undernutrition by adults causes poor health, but in principle a full recovery can be made in most cases subsequently when obtaining better nutrition and treatment later on. For children this is different. The nutritional evidence is strongest for very young children from the womb to about the age of two: it suggests than nutritional deficiency may result in permanent stunting and lower health, from which no full recovery is possible. In general, children are specifically vulnerable as any temporary shocks may result in a long-term impact of the crisis, including via reduced health and human capital accumulation. In a post-crisis period, even if higher infant and child mortality can be avoided, special monitoring and support must remain for children to minimize these long-term consequences.
A final issue that comes out of this study relates to the underlying data for comparative learning about disasters. In particular, we find that the aggregate nature of the evidence is problematic for Africa. Post-disaster, it is still very difficult to find comparable and useful evidence on different crises, and indicators such as the number of people affected and mortality rates remain suspect. Furthermore, as the micro-evidence showed, the impacts can hardly be assessed by the numbers of affected people and mortality only, as it offers little if no information on the diversity of the quality of response, not least given the widely observed longer term consequences even when short-term impacts may have been relatively limited in terms of mortality rates.  
2. Conceptual Framework.

This section outlines the conceptual framework that will be employed to understand the link between poverty and natural disasters. Households are the starting point of the analysis and can be thought of as having tangible (natural, human, physical and financial capitals) and intangible assets (social ties and networks, and intra-household relations) at their disposal. While in our analysis of the available evidence it may not be possible to fully account for this full range of assets, such a complete definition of the relevant assets remains useful for thinking through impacts of disasters.
Asset holdings have a positive impact on welfare in at least two distinct ways. First, higher asset levels can increase the income-generating potential of poor households leading to higher welfare and less in poverty during normal times, as  income can entitle households to obtain consumption, nutrition, health and other dimensions of wellbeing, which in turn allow further accumulation of  assets. Secondly,  asset holdings offer a crucial means to buffer income fluctuations and poor people’s ability in dealing with adverse hazards.
Serious adverse shocks affect households then in a variety of ways, but typically the key consequences work through assets. First, households’ incomes are affected, as returns to assets (for example to land, or to human capital) tend to collapse, which may lead to or exacerbate poverty. Assets themselves may be lost directly due to the adverse shocks – such as losing cash, live animals, soil erosion, damage to housing but also possible impacts on health or social networks when crises occur. Assets also play a central role in attempts to buffer income fluctuations, and may therefore be used or sold, affecting the ability to generate income in the future. The extent to which assets are relied on for smoothing purposes and its consequences  depend on 
the scope, virulence and frequency of the hazards faced, and on the extent of the development of different alternative mechanisms to handle fluctuations, such  as formal and informal credit and insurance markets or and state-funded mechanisms such as safety nets and social security. 
Adverse shocks can in general have severe impacts on households. Disasters tend to involve a large number of people, and this positive covariance of adverse shocks across the members of a population tends to make the consequences even harder, as usual responses are undermined further. During disasters, and even if households have assets that can be sold during a crisis, the covariance of the shock to income across a large number of people tends to affect asset prices severely, as many people are trying to dispose of assets at the same time. In particular, in spatially relatively restricted asset markets, such as for livestock or other possessions in remote rural areas or in conflict zones,  many may sell these possessions at the same time, depressing prices and therefore the effectiveness of the coping response. This process has often been observed during famines, and indeed some of large scale crises documented in the next section  (Dreze and Sen, 1998; . Dercon, 2001).  Disasters also tend to undermined alternative coping mechanisms, again as many people are affected at the same time. For example, during  droughts and floods, labour markets become thin, not only due to  higher labour supply by those in search of work, but also the lower labour demand due to the conditions on the land.Likewise, being members of a rural financial institution where the majority of deposits are from community members engaged in agricultural activities may be of little help for lending purposes at the time of a natural hazard because most probably those deposits will be withdrawn to face any resulting flood or harvest failure (Skoufias, 2003).

The transformation of assets into welfare therefore is not deterministic and unidirectional. This process can experience sudden disruptions and reversals both short-spanned and more permanent through the various impacts of natural hazards. The physical contact of hazards with humans and/or with property can bring death, injury, disruption of socio-economic activities and damage or destruction to property and natural resources and other physical assets. In rural areas, for instance, livelihood impacts of natural hazards may be the loss of crops and livestock due to flood or drought with a consequent reduction in income (cash crops) or food intake (staple foods). Similarly, the loss of assets that can enhance income-producing activities, including transport and access to infrastructure, destruction of housing and livestock, can lead into short-term welfare fluctuations and push people into sudden poverty. While income or consumption flows are often used in conventional poverty analysis, the impact of hazards on well-being is not always self-evident through any of this money-metric welfare indicator. Certain vectors of disaster-borne diseases and poor nutritional status can also make their appearance in the aftermath of a hazard compromising human development.
Short-term impacts can last a few weeks or months. If remedial action (food relief or cash transfers) is taken at the household or community level right after the disaster, the consumption drops or income losses observed can be smoothed. Public health interventions can stabilize morbidity surges. Likewise, the poor nutritional status displayed need not stay permanently if the specifically affected groups receive feeding support, for instance.
On the contrary, if households have few assets to protect themselves during hardships and public protective measures come too late,  
the negative and seemingly transitory effects on their members can transform into more permanent disadvantages, for instance, nutrition shortfalls in children that in turn could affect their human development later in life. In addition, households can end up adopting strategies with high costs in the future, such as making children drop out  from schoolto get them to work,  or depleting their few available productive assets. As opposed to flows which are more volatile over short-time periods, especially in the context of poor households, human and physical capital (anthropometric measures and material asset levels) can determine the structural capacity of household to earn a living (Clark and Hulme, 2005). Hence, any effect on them from natural hazards may very well linger on for many years after the shock, leading to sluggish long-term consumption growth.
Also, the inability of poor households to hold on to their meagre asset bases in the presence of disasters will most likely end up affecting their asset recovery efforts. In fact, the exposure to disaster risk of asset-scarce households whose access to credit and insurance markets is restricted can also be conducive to the adoption of suboptimal asset portfolios for organizing a livelihood where the value and productivity of assets declines trapping households in persistent deprivation. The following sub-section sets the context and introduces the African countries for which available studies have found the described effects on well-being.
3. Poverty and Weather-Induced Disasters in Africa: An overview.

Africa is the world's second-largest and second most-populous continent, after Asia. With about 922 million people (as of 2005) in 61 territories, it accounts for about 14.2% of the world's human population. There are 53 countries, including Madagascar and all the island groups. In the last decade, many African economies have moved faster and relatively soundly towards more sustained economic growth, 13 African countries have achieved middle income status and poverty fell from 58% in 1996 to 50% in 2005. However, 380 million people, approximately 50% of the continent population, continue under poverty by the new international poverty line of 1.25 dollars a day and 39 of the world’s poorest countries are located in this region (World Bank, 2008). In addition, low life expectancy, poor health and deficient schooling in Sub Saharan Africa hold back the region’s human development. According to the last United Nations' Human Development Report, numerous countries in Africa have the lowest human development indexes in the world (UNDP, 2008). It is argued that poverty traps, exclusion from global markets, internal conflict, resource constrains, poor policies, market failure and lack of planning for coping with climatic and other shocks  have limited poverty reduction and human development in Africa (World Bank, 2008a). 
The global disaster database EM-DAT (Emergency Events Database) is maintained by the Center for Research on the Epidemiology of Disasters. This database contains data entries from 1900 through the present on natural disasters. Events are registered as disasters if they produced 10 or more deaths, affect 100 or more people, or where a situation of emergency was declared or a call for international assistance was made. Most losses associated with frequent, but small-scale scenarios are below these loss thresholds and therefore are not documented in the database. EM-DAT has a global level of observation and a national scale of resolution (ISDR, 2007). Each disaster has a date of occurrence and location (at sub-national political-administrative units) of a wide range of natural hazards; and the extent of their severity, mainly measured through impacts on three categories of losses (houses damaged and destroyed, hectares of crops lost, and mortality rates).

Using this data base, Africa remains the continent with lowest incidence of natural disasters (See Table 1), and yet the one with more droughts registered over the last thirty years. Almost half (46.39%) of the total number of drought disasters in the world have taken place here. Moreover, there is a significant rising trend in the annual frequency of large-scale disaster events associated with meteorological and hydrological hazards reported in Africa since 1985 (UN ISDR/World Bank, 2008).
Table 1 - Number of Natural Disasters by Region, 1970-2008
	
	AFRICA
	AMERICA
	ASIA
	EUROPE
	OCEANIA

	Flood
	616
	813
	1372
	437
	103

	Drought
	251
	107
	127
	37
	19

	Wind Storm
	178
	994
	1278
	387
	262

	Earthquake
	72
	247
	555
	146
	37

	Slides
	24
	146
	257
	74
	16

	Wild Fires
	22
	114
	79
	89
	31

	Volcano
	17
	72
	84
	11
	21

	Ext. Temperature
	10
	86
	114
	139
	5

	Wave / Surge
	6
	9
	35
	4
	7

	TOTAL
	1,196
	2,588
	3,901
	1,324
	501


Source: EM-DAT Database
More worryingly, Africa is the most continent most vulnerable to severe disasters as it  is more at risk of mortality and economic losses precisely because of the conditions outlined at the beginning of this section: high levels of poverty, fragile and degraded environments, high prevalence of diseases and low access to social services, weak governance and armed conflict (ISDR/World Bank, 2008). In this sense, poverty is a direct consequence of, as much as a contributor to, natural disasters.
The most frequent natural hazards that affect Africa are floods (51%), followed much below by drought (21%) and cyclones (15%). Earthquakes and tsunamis are infrequent (6%), and the rest of hazards are almost insignificant, including slides (2%), fires (1.8%), volcanic eruptions (1.4%) and extreme temperatures with less than 1%. While floods account for more than half of the total occurrence of disasters, drought is the hazard which appears to result in the highest proportional economic loss risk (loss as a proportion of GDP)  and mortality increase in the majority of African countries. In other words, while floods are more prevalent at a regional level, droughts have the highest negative impact on human livelihoods (World Bank, 2005). The reasons can be manifold, but droughts are by their nature often highly covariate, with many people affected at the same time, contributing to their high impact. In terms of micro-level impact, and presumably because their typically more severe impacts, droughts are also most widely studied in micro-research. As a consequence we also have micro-level evidence on their impact on a variety of outcomes. 
Figure 1: Distribution of Hazard Risk Hotspots in SSA
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Furthermore, and possibly related to the high covariance in these shocks, Africa has the highest mortality-related vulnerability indicators for droughts.. In the last thirty years, seven out of the 10 worst drought disasters in the world have taken place in sub-Saharan Africa SSA (if judged by the number of people killed). The famines that hit parts of Africa from the mid to late eighties account for the larger part of the burden (Ethiopia – 300,000, Sudan – 150,000, Mozambique – 100,000, Somalia – 600).  What is striking is that all these instances are characterised by having occurred during a period of civil conflict, in the context of serious initial poverty. Indeed, it is during periods of civil conflict that not only public responses to drought are hardest to be timely and effective, also private responses, including via asset and labour markets, are more difficult, resulting in far more vulnerability to mortality, as shown by these data. 
Much of the micro-level quantitative research on disasters in Africa has to be opportunistic: it has to be based on the analysis of the impact of serious shocks in areas which previously were covered by quantitative data collection, or at least with detailed data that allow an appropriate identification of what would have happened if the crisis had not taken place. Table 2 offers a selective number of cases for which we could find appropriate quantitative evidence on the impact of disasters. The cases available reflect well the considerable variation in terms of drought incidence over the last four decades in Africa: Kenya, Ethiopia, and Burkina Faso are amongst the 5 highest drought-prone countries in the region. Madagascar, Tanzania, and Zimbabwe are all clustered around the middle of the distribution, and Cote d’Ivoire displays almost an absence of drought episodes in the same period (along with countries in the Mahgreb and some Eastern African neighbours – Sierra Leone, Liberia, Nigeria, Gabon) (see Figure 2). Obviously, this depiction could be misleading to the extent that the severity is not factored in. For instance, since the 1960s, the Sahel has experienced devastating droughts that have lasted even decades. Similarly, countries with middle-to-low incidence like Zimbabwe (one of our case studies) and Nigeria have had drought impacts on their economies as large as 8-9 and 4-6 percent of GDP, respectively (ISDR/World Bank, 2008), but there are no systematic evidence available for Nigeria. Another weakness is that some of the largest crises recorded, occurring in conflict areas, such as in Sudan or in Ethiopia in the 1980s, do not offer much data. Nevertheless, on the latter, some evidence of long-term consequences can be obtained from some analysis without initial baseline data, and will be discussed later. Still, a key consequence is that we are rather restricted in terms of the evidence on some of the worst crises, and the way conflict shapes the consequences. In the next section, the cases available are used to provide systematic evidence on short and long-run evidence on the impact on welfare outcomes and assets.  
Table 2.  Characteristics of natural hazards and disasters in selected case studies 
	Country
	Start
	End
	Type
	Location
	Affected (millions)
	Total Killed
 

	
	
	
	
	
	
	

	Burkina Faso
	12-1990
	1990
	D
	North and Central Provinces
	2.60
	 

	
	11-1980
	1985
	D
	
	1.25
	 

	
	04-1969
	1975
	D
	East, North of Ougadougou
	0.975
	 

	
	1977
	1978
	D
	Countrywide
	0.442
	

	
	1988
	1988
	D
	North
	0.20
	

	Ethiopia
	2003
	2004
	D
	Tigray, Oromiya, Amhara
	12.6
	 

	
	05-1983
	1984
	D
	Wollo, Gondar, Goe, Eritrea
	7.750
	300,000

	
	06-1987
	1987
	D
	Ogaden, Wollo, Gondar
	7
	367

	
	10-1989
	1994
	D
	Northern Ethiopia, Eritrea
	6.5
	 

	
	12-1973
	1978
	D
	Tigre, Wollo, North Shoa
	3
	100

	Kenya
	12-1999
	2002
	D
	Baringo, Garissa, Isiolo
	23
	85

	
	12-2005
	2006
	D
	Makueni, Kitui, Malendi
	3.5
	27

	
	1991
	1992
	D
	Northeastern Regions
	2.7
	

	
	07-2004
	2004
	D
	Kitui, Mbeere, Mwingi
	2.3
	80

	
	01-1997
	1998
	D
	Garissa, Isiolo, Wajir
	1.6
	

	Madagascar
	14-02-1972
	1972
	C
	Central
	2.5
	91

	
	1981
	1981
	D
	Toliary, Tolagnaro
	1
	 

	
	7-03-2004
	12-03-2004
	C
	Antalaha, Maroantsetra
	0.98
	363

	
	1988
	1992
	D
	South Regions  
	0.95
	200

	
	17-02-2000
	11-03-2000
	C 
	Marolambo, Antanambao
	0.73
	130

	Tanzania
	1996
	2000
	D
	Lake Victoria, NorthEast
	3
	 

	
	08-2003
	2004
	D
	
	1.9
	

	
	1984
	1984
	D
	
	1.9
	

	
	1991
	1992
	D
	Central & Northern Regions
	0.8
	

	
	10-2004
	2004
	D
	Northern Highlands
	0.254
	

	Zimbabwe
	03-2001
	2003
	D
	Kwekwe, Gokwe South, Zvis
	6
	

	
	04-1991
	1995
	D
	
	5
	

	
	01-2007
	2007
	D
	
	2.1
	

	
	10-1982
	1984
	D
	Central, South East and West
	0.7
	

	
	26-01-2000
	27-03-2000
	F
	Chimanimani, Mutare
	0.26
	70

	
	
	
	
	
	
	

	Notes: C: Cyclone, D: Drought. Blank space in Total killed could mean either no casualties or no data was available.


4. Empirical Evidence: the short and long-run impacts
Table 3 offers a summary of some of the key empirical results on the impact of disasters, as found in micro-level data sets in the cases mentioned in table 2. The evidence is grouped for monetary welfare indicators (consumption/income) and non-monetary dimensions of well-being (education and health), as well as physical assets (mainly livestock). A distinction is made between short-run and long-run (persistent or permanent) impacts. 
The evidence summarized in table 3 suggests considerable short-run impacts of drought on monetary welfare indicators such as income and consumption. Evidence of poverty increases or consumption decreases linked to disasters is summarized for crises in Burkina Faso, Madagascar, Ethiopia and Tanzania. These effects are not just temporary: for at least Ethiopia and Tanzania, evidence exists showing that the consequences are persistent over time, showing in lower consumption levels or growth rates several years after the shocks initially took place. Assets are also affected, both in the short-run (as they are used for smoothing) and in the long-run (as recovery is slow).  Evidence is available from Ethiopia, Tanzania, Kenya, and Burkina Faso for the way livestock is used as part of smoothing. As these are productive assets, the evidence is suggestive for long-term effects as well. For Ethiopia, evidence is available of slow recovery, while evidence from Tanzania and Zimbabwe also shows the longer term effects on asset portfolios as higher risk induces less profitable but less risky asset holdings. 
The table is not limited to impacts on monetary welfare indicators or assests: there is also strong evidence on health and education effects of disasters. There is clear evidence on short-run effects on education and health of children and adults (at least for Cote d’Ivoire, Ethiopia and Zimbabwe), but also that these effects are not just temporary (as the extensive evidence for Zimbabwe and also fro Ethiopia shows). In the rest of this section, these cases are discussed in more detail.  

Dealing with covariate shocks: the role of assets

When natural hazards hit households in contexts characterized by widespread poverty and precarious access to credit and insurance markets it is not surprising to find that most responses to them are based on self-help and informal mechanisms. Asset-based self-insurance strategies include savings in the form of stored grain or small and large livestock, or jewellery and durables for potential sales whereas informal insurance arrangements comprise local borrowing schemes with friends and neighbours as well as private transfers that originate from relatives.

It is equally recognized that the assiduous reliance on informal mechanisms does not mean they are entirely effective against natural hazards partly because these affect many households simultaneously wiping out entire networks’ resources and thus making it difficult to share risk. It is also well-acknowledged that sometimes assets (as stores of wealth and savings to manage risk) cannot hold their value during times of stress because everyone tries to sell them at the same time leading to very low returns. For instance, in the pastoralist areas of northeastern Ethiopia, the 1999 drought in Ethiopia was a year of heaviest livestock asset reductions on record, both due to animal deaths as well as sales (oxen and total herds declined by almost 40 percent from 1998 to mid 2000). Based on interviews in the course of qualitative surveys in affected areas, it was estimated that 25 percent of livestock reductions in this year were distress sales at which the seller received less than 50 percent of the normal price of the animal sold. Cattle prices, for example, dropped from an average of 625 birr in the pre-drought period to 291 birr. (Little et al., 2006).

The problem of covariance between local shocks and local asset prices has led many studies to conclude that livestock, considered a key asset to compensate the failure of access to credit and insurance markets in many rural areas in sub-Saharan Africa, does not always serves as a buffer to the extent suggested during crises. For instance, in a commonly cited study on farm households in Burkina Faso, Fafchamps, Udry and Czukas (1998) tested whether livestock were used as buffer stock to insulate household consumption from fluctuations in large income shocks (induced by the serious 1984-85 drought, one of the main disasters on record). They found that livestock only compensated for twenty to thirty percent of crop income shortfalls due to rainfall village-level shocks. Using the same data, but this time exploiting also consumption data (which had initially thought to have been lost), Kazianga and Udry (2006) tested the degree of consumption smoothing for the same group of households and again with respect to aggregate income shocks. They also discovered that these shocks during drought period were reflected in consumption as well and only a quarter of the income variability was smoothed via stored grains.
The short run impact of disasters on consumption
While disagreements may still exist whether assets are effective for smoothing consumption when faced with large covariate shocks during disaster period, a key conclusion of the extensive literature on consumption smoothing is that full protection is never accomplished through these informal strategies as consumption shortfalls remain high when faced with shocks (Dercon, 2005; Morduch, 1995, 1999).
 This inability to smooth consumption has implications for poverty in a direct way. For example, a study of Ethiopian rural households linking consumption per adult (which is almost 80 percent basic food consumption) in 2004 with reporting a serious drought shock in the previous two years found this to be correlated with 16 percent lower consumption. This is actually a striking result: according to the EM-DAT data base, this was a drought affecting a very large number of people (12 million) but with very low increased mortality. It is also a drought that has been considered by both the government and donors as a crisis that had been quite well handled. A 16% drop in consumption is therefore much larger than one would have expected from the aggregate data: despite limited aggregate mortality effects,  droughts can have substantial effects in the short run. Nevertheless, it was a drought episode that most donors (such as the WFP) considered as a well-handled crisis.
A similar pattern appears related to the drought in the mid-1980s in Burkina Faso, as it brought no casualties and affected a little more than 1 million persons. Yet, a micro-study on the impacts of the 1984-85 drought on income inequality and poverty in the three main agro-ecological zones of this last country: Sahelian, Sudanian and Guinean found poverty increased in Sahelian (2 to 19%) and Sudanian (12 to 15%) areas in its aftermath (Reardon and Taylor 1996).

These short-term impacts are more likely to be observed across already poor households as these can only afford to live in marginal areas and they are the ones with more limited ability to manage risk due to their low asset holding and manifest constraints to access credit and insurance markets. For instance, in the same study of Burkina Faso quotedabove, Reardon and Taylor (1996) found that the 1984-1985 droughts affected the lowest tercile of the population more than 10% harder than the top tercile: the former experienced crop-income losses of 69% versus 58% drop for the latter.

Similarly, in rural Ethiopia Porter (2008) also suggested that when rainfall is low, poor households are more vulnerable to experience a drop in consumption compared to the average for the village. For the same country, Dercon and  Porter (2007) studying reported shocks between 1994 and 2004,  have also shown that low rainfall mainly affects those households with low initial asset holdings. In non-drought context such as Madagascar, Stifel et al. (2001) also corroborated that cyclone effects on the poorest quintile in the volume of agricultural production is higher at about 11% whereas it is 6%  at the richer quintile.
Short-run impact of disasters on non-monetary indicators

When shocks occur, there is an impact on many dimensions of living standards, and adults and children are affected, not just in terms of consumption expenditure but also in terms of nutrition, health, education, and other indicators. Risk affects a broad set of human development outcomes. For instance, drought shocks (expressed through crop damage) in Ethiopia over the period 1995/96 had a large detrimental effect on child health. Children aged six to twenty four months at the time experienced about a 0.9 cm growth loss in height over a six-month period when half of their crop was damaged compared to communities whose percentage of damaged crop area was 50% points lower. Put in a different way, a 10 percent point increase in the proportion of damaged plot areas corresponded to a reduction in child growth by 0.12 cm over a six month period (Yamano, Alderman and Christiaensen, 2005). Exploiting inter-regional weather variation between 1985 and 1988, Jensen (2000) also found that although households in Cote d’Ivoire did not report a change on their children health as a result of the 1986-87 drought, the percentage of sick children taken for consultation during this period declined by around 1/3 for those who received the negative shock and increased slightly for boys in regions with normal rainfall. Incidentally, the author also found that enrolment rates declined by about 20 percentage points for boys and girls in shock regions -were rainfall data was more than one absolute standard deviation from the historical mean- relative to children in the non-shock regions (Jensen, 2000).
Children are not the only group highly exposed to natural disasters. In Zimbabwe, Hoddinott (2006)  assessed the impact of 1994-95 drought across different members of the households surveyed.  He found that women along with young children were the most affected. The preservation of physical assets during the drought caused women’s body mass to fall by about 3%, while no impact on men’s health was found. With good rains the following year, women though regained much of the lost body mass, making this negative effect to disappear quite quickly. But the drought’s effect on health might not always be temporary.
Similar evidence of shock impacts on adults in the short-run has been found by a study on a group of 1447 households in Ethiopia looking at their ability to smooth consumption (Dercon and Krishnan, 2000). According to the authors, rainfall shocks during a 1994/95 localised drought significantly affected adult Body Mass Index (weight in kilograms divided by squared height in meters). Even though rainfall was relatively favourable in this period, relatively poor rainfall in some communities lowered their BMI by about 0.9 percent for households with low landholdings, suggesting that the absence of effective risk management strategies was costly in terms of adult health.
 Moreover, the observed scale of adult malnutrition had functional consequences and affected labour productivity. In particular, clear correlations were found between malnutrition and the ability to perform standard tasks, such as hoeing a field or carrying water. Low BMI is also correlated with a large number of health-related indicators, including early onset of chronic conditions and increased risk of premature mortality. Because most assets are stocks –as opposed to income and consumption flows- and the poor usually report more difficulties to recover from disruptions as will be explained below, the loss of wealth for deprived sectors of the population could compromise their health and socio-economic development in the medium to long-run.
Disasters can have long-lasting effects on health and education
Assets are stocks that can be combined and transformed to generate income and satisfy consumption and other essential needs. In consequence, if they become affected by climate shocks, that could generate short term welfare fluctuations. More importantly if households have few assets to protect vulnerable groups inside them during hardships this can transform into more permanent disadvantages (i.e., restrict access to profitable opportunities in the future) as no chance is given to household members for recovery.
 The most common example found in the literature relates to rainfall shocks causally affect human capital formation: temporary poor health and child malnutrition that results from a drought could turn into stunting (height-for-age levels below some level observed in healthy populations), lower school achievement, and attainment, as well as lower health and lower wages and productivity as an adult.

The nutrition and food security literature have widely documented the effect that short-term blows to nutrition could have on health conditions through stunting, especially on the children. For instance, tracing the impact of the 1982-84 droughts in a group of 400 households in rural Zimbabwe it has been found that the temporary hunger followed by stunting of those children aged between 12 and 24 months at the time of the drought –recognised as the most critical time for child growth– led to lower height (2.3 centimetres) in late adolescence as well as delays in school enrolment (3.7 months) and reduction in grade completion (0.4 grades) 13 to 16 years after the droughts (Alderman, Hoddinott and Kinsey, 2006).
 Similarly, children aged 12-24 months affected by the 1994/95 drought in the same country experienced 1.5 and 2 cm lower annual height growth rates relative to control group. In fact, four years after the drought these children remained shorter than identically aged children who did not experiment the drought: Children measure at 60-72 months in 1999 were those who were initially 12-24 cm in 1995 (year after the drought) have z-scores about 6 tenths of a standard deviation below that of comparable children measured in 1998 (Hoddinott and Kinley, 2001). 
Consistent with the findings in Zimbabwe, Porter (2008) has shown that children that were in utero or less than 36 months of age at the time of the 1984 drought-induced  famine in Ethiopia and living in drought shock villages were significantly shorter (almost 3cm) ten years after the shock than their non-affected counterparts.

Another channel much less explored, but with potentially significant effects over children’s health and education are the orphans surviving from famines. As has been explained, the loss of life occasioned by drought-induced famines is a most notable impact on specific cases of disasters in SSA. In that sense, the devastating impacts of the mid 1980’s famine in the Horn of Africa are well captured by its respective death toll: 300,000 people killed and 7.75 million affected (EM-DAT, 2008). While it remains very difficult to trace young members whose parents may have perished during the catastrophic event as they get absorbed by other families over the course of years, in the few cases where this has been possible, very relevant insights have been gained, even not quite from pure disaster contexts. A recent paper by Beegle et al. (2008) investigating the long-term implications of becoming an orphan from HIV-infected parents in Tanzania traced all individuals initially interviewed during a four round household survey conducted in 1991-1994, around Tanzania and even in neighbouring countries. By comparing a sub-sample that reached adulthood (above 19 or older) by 2004, based on a sample of non-orphans in the baseline period 1991-94, so that the effects are effectively irreversible for both height and (most likely) for education, the authors found that losing one’s mother during childhood reduces height at adulthood by about 2 cm, while orphans have about one less year of education than others.
The persistent effects of shocks on the health, nutritional and educational status of children could have further repercussions on their earning potential during adulthood. Looking back at the 1982/83/84 drought in Zimbabwe and using the values for the returns to education and age/job experience in the Zimbabwean manufacturing sector, it was found that 16 years later those children affected by the drought had 7 percent loss of lifetime earnings (Alderman, Hoddinott and Kinsey 2006). The mechanisms through which reduced height of a child could lead to lower productivity and lifetime earnings as an adult are the following: i) lower adult height associated with reduced earnings as an adult (Thomas and Strauss, 1997); ii) poorer cognitive function as a child associated with poorer cognitive achievement as an adult which could lead to lower adult earnings; iii) shorter stature as a child is associated with slower progress through schooling which bring delays for enjoying its benefits once finished or simply not finishing produces less grades completed and thus an impact on wages; and iv) stature by age three is strongly correlated with attained body size at adulthood which in case of deficit could lead to the early onset of chronic diseases and premature mortality among male due to increased risk of cardiovascular and obstructive lung disease (Fogel, 1994), though no evidence for developing countries exists on this yet. The early onset of chronic diseases could turn into reduced life expectancy leading to shorter productivity or lifetime earnings (Alderman, Hoddinott and Kinsey, 2006).

The relevance of shocks to child growth beyond their immediate health or nutritional effect or the long-term productivity effect could alert of a possible intergenerational transmission of poorer health status resulting from a drought shock. A human development trap could be backed by some epidemiological evidence that taller adult women experience fewer complications during child birth, have children with higher birth weights and experience lower risks of child and maternal mortality (World Bank 1993). The policy implications are quite obvious: early-childhood interventions that shield children from potential damages of natural disasters on their human capital can reduce the likelihood of negative repercussions in their productive life during adulthood as well as on the health of their offspring.

Droughts in Zimbabwe: repercussions and interventions to handle them

In rural Zimbabwe most households are regularly exposed to food shortage risk as a result of drought, but at the same time Zimbabwe is one of the more developed countries in sub-Saharan Africa, with markets more likely to function relatively well, making efficient responses to the risk of drought possible. It has been possible to test this and other hypotheses in a group of some 400 rural households for over a decade (1983-96) in which the country has experienced four major droughts (1982-84, 1986-87, 1991-92 and 1994-95), including the most serious drought in the living memory of the country (1991-92).

In each drought private and public measures have been taken to thwart any possible negative effects. For instance, in the 1992 drought a series of government initiatives, including free food distributions for the elderly and the disabled and food-for-work programs for destitute families with able-bodied members were put in place. Assistance with school and examination fees was provided as well as child feeding supplementary programs. Households also implemented their own mechanisms to cope with food shortage, the most important of which had been cattle sales. 

Yet, there was little evidence that children from poor or nutritionally vulnerable households got preferential access to the public feeding schemes. Moreover, the extent of action by the Zimbabwean government had been impeded by the regularity of the previous successive droughts which brought about continuous risk-mitigation program demands. The core budget for the Department of Social Welfare, for example, declined in real terms by some 50% from the 1991-92 droughts to the next one in 1994-95.
Overall back in 1992 food consumption fell in spite of the variety of smoothing mechanisms employed by households and government. Households cut sharply the quantity served at meals. At the peak of the drought almost a third of the panel households took only one meal per day and another 50% only two meals. In addition, nearly 70% of households reduced the quantity served at meals, and about a third of households consumed “wild foods”, such as edible plants, fruits and seeds, as well as animals and insects. This inability to smooth consumption is even more serious as the short-term blows to nutrition could translate into poor health, nutritional and educational status of children with further repercussions on their earning potential during adulthood.

All this damage which compromised the human development of children and jeopardized long-run potential gains achieved through their human capital underscores the relevance of adopting effective measures against recurrent droughts. In particular, a gradual shift from the emergency relief measures described, including cyclical public safety net responses, towards ex ante actions that could enhance wellbeing and reduce poverty making households more resilient to hardships seems desirable. 

An empirical study tracking the same group of rural Zimbabwean households this time over five years (1992-1996) with the 1994-5 drought episode in the midst compared the income effect of the observed ex post public responses to drought (grain loans) against the effect of a counterfactual ex ante intervention two years prior to the shock (provision of capital and extension services). After developing an empirical model in which capital and extension services increase net crop incomes that in turn increase holdings of agricultural tools and livestock, the value of the assistance transferred to households in the form of grain loans was reallocated into households in the form of capital and extension services to run a series of counterfactuals. Doing so reduced poverty in non-drought years and at the same time allowed households to build up enough buffer stock to protect against the potential drought impacts.

Source: de la Fuente, 2007.
Long-term effects on productive assets

The evidence from the nutrition literature is an example of the longer-term consequences of shocks referred to in the previous section. But these permanent effects from effectively transitory events are not restricted to nutrition or health. Lack of insurance and credit markets that characterize vast rural areas of SSA imply that recovery of assets lost to cope with a crisis or destroyed by it will not be straightforward and immediate. And when households start with very low levels of physical assets (livestock) the effects of drought on these can go beyond the inability to meet short-term needs. For instance, a study tracking 416 households in pastoralist areas of  Ethiopia from 1997 to 2003, found that those families with few livestock had limited breeding in their herds. In contrast to better off households who usually manage to get back to their asset lots, they were forced to borrow or purchase animals during the post-drought period when livestock prices were especially high, and were also constrained in pursuing cultivation just as conditions were improving. This difficulty for re-stocking herds contributed to the fact that after the 1999-2000 drought 95 per cent of those households with one or fewer TLU remained poor or vulnerable after six years in the study (Little et al., 2006).
 Another study of famine effects in the Horn of Africa during the mid 1980s confirmed the harshness for asset-poor households to improve or recover their asset status: 10 years after the famine, cattle holdings in Ethiopian households were still only two-thirds what they were just before the famine (Dercon 2002). 

This evidence is suggestive of processes in which incomes and levels of wellbeing are permanently affected by transitory shocks. This can be conceptualised as poverty traps, which are equilibrium levels of poverty from which there is no possible recovery without outside intervention. Also there may be thresholds in some productive asset holdings, below which recovery is not possible. Barrett and Carter (2004) use evidence from northern Kenya to suggest that such thresholds can be observed at least among pastoralists, given that minimum herd size are required for possible accumulation and leading to ‘asset poverty traps’ (Dercon, 2005). Evidence of poverty traps with asset (not consumption) smoothing amongst the poorest has also been found by Little et al (2007) on their study of the impact of 1999-2000 drought on poverty dynamics in northern Ethiopia. According to this study, average livestock asset for the bottom quartile grew from 0.17 in 2000 to 1.85 TLUs in 2003. Therefore even under a very optimistic post-drought annual growth rate of about 0.3 TLU per year, it would still take very poor households about eight to ten years to reach an asset threshold of around 1.0 TLU per capita (or an average of 4.5 TLU per household or two oxen, one cow and 15 small stocks which would be the equivalent of a non-poor household in the area). 
Given how much is at stake when productive assets are lost, sometimes households intentionally destabilize consumption to protect livestock during a drought (Kazianga and Udry, 2006; Barrett et al., 2007). For instance, Kazianga and Udry found that in Burkina Faso from 1981-85 changes in livestock holdings and within-village risk sharing were not used to smooth consumption suggesting an intentional destabilization in consumption to conserve livestock through the drought period. In Kenya, Barrett et al. (2007) also discovered that among the poorest households mean inter-temporal income variability is less than mean expenditure variability, proving that the most vulnerable destabilise consumption to protect livestock. 
But while the deliberate postponement of short-term consumption to preserve the future sustainability of the livelihood by conserving productive asset is not uncommon in rural Africa, the implications of going hungry are then unknown. People can become permanently destitute through the classic nutrition-productivity poverty trap where people cannot engage in productive activities if they find themselves below some critical nutrition level. Ideally, access to credit services in a post-disaster situation will enhance the coping capacity of the poor not only by helping them to smooth consumption, but also by preventing them from the need to make distress sales of assets such as land or livestock at bargain prices while allowing faster replacement of lost assets.

Another way of looking at whether there is evidence of long-lasting effects from shocks has been used by Dercon (2004a), using panel data from Ethiopia.
 In that paper, detailed data were exploited on the experience during the 1984/85 famine, more specifically the extent they had to resort to famine coping strategies, such as cutting meals and portions, selling valuables, relying on wild foods and moving to feeding camps. An index of these experiences in the mid-1980s was then introduced in a model of consumption growth based on data from 1989 to 1997, regressing changes in food consumption on initial levels of food consumption at the household and community level and a number of common and idiosyncratic shocks. In this paper, it was noted that if shocks only have had transitory effects, then lagged shocks should have no effect. However, it was found that rainfall shocks several years before the period in which growth was measured (1994-97), still affect growth. Most strikingly, the extent of the famine impact, as measured by the index of severity of coping strategies, strongly affected growth in the 1990s. This growth impact was substantial: depending on the estimation method, comparing the 25th and 75 percentile of households in terms of the severity of suffering, the latter had about 4 to 16 percentage points lower growth in the 1990s, a period of on average substantial recovery of food consumption and nutrition levels after crisis and war in the 1980s.

For this same group of households in rural Ethiopia it has also been found more recently that later uninsured droughts (the 1999 and 2002 droughts) increased poverty under a third in 2004 (Dercon, Hoddinott and Woldehana, 2005). The study on orphanhood and HIV prevalence in Tanzania referred before (Beegle et al., 2008) also found that crop shocks going back to 1991 lead to consumption growth losses with point estimates of between 17 and 40 percent more than 10 years after.

Recovery from disasters might be possible, but the evidence is not very encouraging
Disturbing evidence has been presented so far on the persistent effects of shocks on welfare. We should nevertheless be conscious that this evidence base is still weak as the information requirements are very demanding – very few countries have surveys tracking the same group of individuals over long periods of time. There could also be some catching-up from the effects of weather-induced shocks on nutrition, that is, over time children may recover lost nutrition and return to their personal growth curve. Full catching up from lost height growth has been found in samples from rural India and Philippines after controlling for the endogeneity of past anthropometric levels (Behrman, Deolalikar and Lavy, 1995). However, these results have been objected on the basis that they conflate children above 3 with children below 3 for whom catch-up growth might not be expected (Hoddinott and Kinsey, 2001).
Once again not in SSA, other studies focusing on weight, rather than height, have produced evidence of catching up controlling for all sorts of different effects. In a study of weight gain among children in Bangladesh over a three-month period following the 1988 floods, children of less weight in the immediate post-flood period tend to grow more over the subsequent period.  However, there was faster growth among children in better-off households or those who had better access to credit markets whereas those children in the landless households were especially vulnerable to the conditions created by the flood due to credit constraints (Foster, 1995). Another study looking at children aged 12-24 months residing in households below and above the median value of pre-drought livestock holdings in Zimbabwe during the 1994/95 drought found also that the shock only affected the growth height of children residing in households with little livestock. 

This combined evidence seems to suggest that in the same way that poorest households see most compromised their ability to tackle climatic shocks impacts due to inadequate buffer stocks, recovery is also wealth differentiated militating against any tendency of the poor to catch up. This is also true for the long-run as our discussion on poverty traps has shown The study by Little et al (2007) on asset dynamics and recovery experiences in the wake of environmental shocks in Ethiopia (three-year drought during the late 1990s) revealed that the poorest households appear to be forced into long-term poverty traps as they have to dispose of valuable assets which are then needed for recovery and in consequence struggle several years after the shocks to recover their pre-shock asset levels if ever. Looking at pre-drought and recovery livestock growth trajectories for this sample of rural Ethiopian households, the authors found that the better endowed decumulate assets faster in the course of experiencing a series of droughts, and also that this group was relatively better equipped to rebuild assets in the wake of these shocks. Moreover, community membership in social organizations (social capital) increased the rate of growth (or limited the rate of loss) of livestock over the six-year period considered, but again primarily for households in the higher wealth groups (Little et al., 2006).

The frequency of climate shocks exacerbates the fragility of poor people’s assets and thus further compromises recovery

The frequency and intensity of major disasters is also of great relevance to the recovery of poorer households. It has been suggested that in the presence of consecutive negative shocks the use of asset savings for consumption smoothing is not compatible with accumulation (Deaton, 1992; Dercon, 2002). If bad harvests resulting from climate shocks persist over several years in a row households would have to have large stores of assets to smooth consumption; otherwise this outcome would be unaccomplished and buffer stocks themselves could become depleted. A time series of 100-period horizon simulations over income, consumption and assets randomly generated shown that consumption is much smoother than income due to the existence of assets that buffer the effects of poor harvests.
 However, if consumption gets protected by assets initially after a shock, in a second consecutive bad harvest with no time to build up assets, consumers are left exposed to a succession of poor harvest (Deaton, 1992). This makes drought and flood especially bad within the different types of natural disasters (Morduch, 1999).

On a more practical basis, the previously cited study of drought impact on poverty dynamics among pastoralistis in northeastern Ethiopia from 1997-2003 with a major drought in-between (1999-2000) found that the ability of the poor and very poor in this area to move beyond a certain threshold of asset viability before the next drought strikes was limited, and this has been the case for many households since at least the 1984 famine in Ethiopia. Recalling this study, the authors showed that even under very high rates of recovery, households would remain in material poverty for another decade. And because in the past 20 years there were major droughts in 1983–84, 1991–92, 1999–2000, and, again, in 2002, and minor ones in almost one out of three years, the poor would face a situation where once they begin to re-build their assets, the next drought wipes out the gains and recovery ensues again. The main difference between the poor and non-poor is not that the former have higher post-drought recovery rates, but that they rarely reach a level where they can sustain themselves out of poverty before the next drought strikes (Little et al., 2006).

In the study of drought impact in Zimbabwe over 1983-96 in which the country experienced four major droughts (in 1982-84, 1986-87, 1991-92 and 1994-95) the problem of zero stocks as a result of a series of negative shocks was not relevant for the population as a whole. In fact, wealth in the form of cattle had grown enormously in the panel of households studies, in spite of the repeated occurrence of drought. However, if the panel was disaggregated the reduction of herd size for particular groups of the population was quite dramatic. For instance, in the 1992-93 drought more than 20% of households experienced negative changes in herd size in relation to the opening stocks of cattle; Secondly, the extent of action by the Zimbabwean government was impeded by the adverse consequences of successive droughts. For instance, in the face of continuous risk-mitigation program demands, the core budget for the Department of Social Welfare declined in real terms by some 50% from one drought to another (1990-91/1994-95).
The organisation of livelihoods before shocks materialise can impact on asset returns

All the evidence presented up to this instance is related to a temporal or permanent effect from a shock on poverty, so that uninsured risk is a cause of poverty. But there is also an increasing body of evidence showing that household’s assets can be affected by uninsured climate risks before they actually take place through the adoption of asset and activity decisions. An ex-ante or behavioural impact on assets occurs when households faced with the prospects of droughts or other serious climate shock that would affect their welfare have no assets to rely on and thus are pushed into sub-optimal risk mitigation strategies such as the adoption of low risk activities and asset portfolios at the expense of lower mean returns and incomes.

In rural Ethiopia the use of fertilisers usually result in higher yields and substantial returns on average. However, according to Dercon and Christiaensen (2007) the application rates for their use in a group of 467 households between 1994 and 1999 were substantially lower due to the farmers’ inability to cope with the consequences of droughts (i.e., when rains fail financial returns to fertiliser use are typically very low or negative given its sunk cost). According to the authors, fertiliser application rates would be up 43 percent if downside consumption risk (village-level rainfall during the period considered) were to be reduced by one standard deviation (Dercon and Christiaensen, 2005). In other words, fertiliser uptake in Ethiopia would be substantially higher if some insurance were to be offered against downside consumption risk thus avoiding lower short-term returns of crops in its absence.

Household behaviour in terms of input investment and activity portfolios is also mediated by the stock of wealth available to cope with shocks. For instance, Dercon (1996) found that rural farmers in Tanzania with limited liquid assets (livestock) grow sweet potatoes more than any other major crop (sorghum, maize and cotton) despite having returns per hectare at least 25% below them. Households grow this crop because of its high resistance to droughts becoming a low yield risk, and simultaneously because no alternative consumption security mechanisms or liquid assets are available to them. In contrast, a household with an average livestock holding would have a proportion of land allocated to sweet potatoes 20% smaller than that of a household with no liquid assets. As a consequence, the crop portfolio of the richest quintile yields 25 percent more per adult than that of the poorest quintile. 

A similar conclusion was reached by a simulation-based econometric exercise in rural Zimbabwe which calibrated a growth model explicitly accounting for risk and risk responses through 50 randomly drawn shocks one for each year (Elbers and Gunning, 2007). The study found that exposure to risk substantially reduces growth, which in turn reduced the capital stock across households by 46% (at the end of 50 years simulation period). Two-thirds of this loss is due to ex-ante strategies by which households try to minimize the impact of risk (build up of livestock holdings to cope with consumption risk). Finally, in their attempt to determine if poverty traps exist when households start with limited initial wealth using the same data for Kenya referred before, Barrett et al. (2008) also encountered that uninsured risk (including natural hazards) leads to lower returns per unit of wealth (livestock) observed in a lower Coefficient of Variation of income among poorer households.
In sum, there is increasing evidence that uninsured risk increases poverty, through ex-ante behavioural responses, affecting activities, assets and technology choices, as well as through persistent and possibly permanent effects from transitory shocks via the loss of different types of assets. This clearly has important implications for the design of policies: risk have persistent consequences, so that the economic and social returns of public action to reduce risk are substantial. It puts policies to reduce risk and the vulnerability it entails at the core of poverty reduction efforts.

5. Policy Implications and agenda for future research
The impact of large scale climatic shocks on assets go well  beyond the direct immediate losses suffered in terms of consumption, nutrition or physical assets. Despite perceptions, mortality is typically relatively low, unless there is context on the ground of conflict and civil war, making any public response, as well as standard household coping mechanisms virtually impossible. . The key recorded impacts due to most crises appear to be related to productive natural assets, such as livestock, or human capital, often leading to long-term effects on earning capacity. 
The large geographical covariance of many disasters tend to affect standard responses, including the use of assets, as assets used for buffers tend to lose their value, limiting their use  to smooth consumption. For the poor, this could be a reason of substantial hardship in the short-run as nutrition and health may be undermined, and much evidence exists of immediate reduction in food consumption and nutrition.. Longer term effects tend to come from the serious reduction of income earning potential – often linked to the loss of assets, but also likely to be linked to I the fact that nutritionremains a strong determinant of productivity. Furthermore, permanent nutrition and educational losses could occur as well via the effect on children, as catching up from nutritional crises may not be possible, especially for very young children. Stunted children are less effective at learning, and in any case, lower educational attainment and lower earnings as adults appear to be likely, and found in the evidence. Risk avoidance in activity portfolios appears to add further to long-term poverty effects, as the fear of crises results in relative specialization in more low risk, low return activities, assets and technologies.
What should be the public response? Typically, the main response has been in-kind and more recently cash transfers as part of relief operations.  They can stabilize consumption and if well-targeted avoid nutrition shortfalls in children that in turn could affect their human development later in life. In addition, when households have scarce means to react to natural hazards, the presence of safety nets can have a strong equity component by avoiding the need to adopt strategies with high costs in the future, such as dropping children from school or depleting few available highly-earned productive assets. 

But important challenges remain to this form of support. There continues to be the need to have timely responses, as some impacts, such as on young children or the depletion of assets are typically impossible to reverse, so late responses have a high cost in the long-run. This is especially so in conflict areas, where responses by their nature tend to delayed. Besides being a context in which climatic events can deliver very high mortality, they also tend to result in substantial long-term effects. In fact, it is striking that the evidence available for long-term effects on children leading into adulthood are from Ethiopia and Zimbabwe and refer to natural disasters in a conflict context in the 1980s. 
How to target remains a further concern.Safety nets usually employ means testing and geographic targeting to identify the structurally poor and thus could fail to identify the temporary poor generated by a natural disaster (Skoufias, 2003). In fact given the need to cover some vulnerable groups that result from this type of contingencies what seems more appropriate is to combine geographic allocation criteria with some form of group targeting. It is also fundamental to decide if the safety net or transfer program has the built-in flexibility and local level capacity to expand coverage to households falling below the poverty line during times of crises and if self-targeting mechanisms need to be employed additionally to provide both the transfer and insurance (World Bank, 2005a). Furthermore, the risk of long-term effects would require responses that involve continued monitoring and support, well after the crisis as those affected tend to remain vulnerable for considerable time, with risks of long-term consequences. This would be especially the case for young children, who may have suffered temporary nutritional deficiency, but for whom the risk exist that these temporary shortfalls translate in long-term health problems and stunting, leading into lower education and earnings potential in adulthood. A rather quick move from relief to development is typically supported as a sensible strategy, but it may put those affected at risk if they are treated just as any other part of the population.
While relief aid remains the most popular form of support in many SSA countries, there are relatively few studies on the efficiency and targeting of these interventions (e.g. Owens et al., 2003). One of the few studies looking into relief aid after cyclone Gafilo hit Madagascar in March 2004 found the likelihood of government and aid agency relief was higher in cyclone-affected areas (Francken, Minten and Swannen, 2008). However, the authors also find that a number of communes that were not affected by the cyclone received aid and some communes that were seriously affected by the cyclone did not receive aid at all, putting into question targeting mechanisms used in relief assistance. A similar finding was observed by Dercon and Krishnan (2004) on food aid in Ethiopia, which was found to be reasonably responsive to local conditions, but with many affected communities not receiving aid during crises in the early 1990s.
Another factor that makes problematic the use of safety nets is that during slow-onset disasters like droughts the effectiveness of a safety net is difficult to measure in terms of lives saved. A disaster averted does not register as a disaster at all, and even when a situation does deteriorate affecting large numbers of people, measurements tend to be given in terms of lives lost, not saved. Hence, successful safety nets may not be receiving fitting recognition.

And finally, both food relief and cash transfers are remedial actions. Recent discussions have underscored the benefits of a safety net system in place before hazards strike (Grosh, del Ninno, Tesliuc and Ouerghi, 2008), including a faster and more organized way to scale up interventions giving more margin of action to policy-makers. But this type of anticipation still follows a reactive policy as the underlying causes which make hazards turn into disasters would persist or even worst, some of the people affected by a disaster will continue to be specifically vulnerable. 
For all this reasons, a gradual shift from traditional emergency relief towards ex ante actions to reduce and mitigate hazard impacts in sub-Saharan countries should be encouraged. Furthermore, relief should develop into more systematic social protection schemes that can keep affected in specially targeted programmes for those for whom the long-term effects are potentially highest. First and most obviously disasters are the antithesis of development. They bring irreversible damages, including death and destruction. Even when numbers of casualties or affected people are low or the short-run consequences appear small, according to the available evidence, disasters would seriously jeopardize recovery of human and physical assets. Adopting ex ante strategies could bring more security to risk-averse farmers and settle their peace of mind constantly threatened by their exposure to hazards. In terms of efficiency, insurance could also allow the poor to engage in more risky activities that bring higher returns (Dercon, et al. 2006). This in turn would increase the chance to accumulate assets (enhance well-being and reduce poverty) making households more resilient to hardships. The study on rural Zimbabwean households conducted by Owens et al (2001) shed some light in this respect.

It is beyond the scope of this paper to determine what particular features could make safety net programs or insurance schemes more effective. There is a dearth of evidence at the moment, and often all possible interventions are reduced to more standard safety nets. While in some settings this may be the most appropriate response, much more field-testing and experimentation with alternative programmes, in the context of well-designed evaluations, would be very worthwhile.
Figure 2 – Drought Disaster Incidence in SSA
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	Table 3. Summary of key Findings

	

	
	Short Term Effects 
	Long Term Effects 

	Income

/Consumption


	· In Burkina Faso poverty increased in Sahelian (2 to 19%) and Sudanian (12 to 15%) in the aftermath of the 1984-1985 drought (Reardon and Taylor 1996).

· MCherel Robson (mimeo) found that during 1998-2000 natural disasters in Madagascar explain about 46% of the limitation of financial access to food. 
· Kazianga and Udry (2006) found that in Burkina Faso aggregate income shocks during drought period from 1981-85 passed onto consumption, and only a quarter was smoothed via stored grains.

· Farmers in Kilimanjaro (Tanzania) who reported receiving much below normal rainfall (21%) on their plots in 2003experienced a reduction of consumption of 10% per acre cultivated per adult equivalent. The total gross loss in personal consumption among rural households attributed to drought was estimated at 5.3 billion TSH (Christiaensen, Hoffmann and Sarris, 2007).

· A high rainfall sensitivity of consumption is found in Ethiopia, where ten percent lower rainfall translates immediately into about 2 percent lower consumption. The effect is smaller for those with lower livestock holdings (Dercon and Christiaensen, 2007)
	· In Ethiopia, experiencing a drought at least once in the five years prior to 2004 (from 1999 to 2004) lowered per capita consumption by about 20% in this year. Those households reporting a serious drought shock in the last two years were correlated with 16 percent lower consumption, while a shock in the preceding two years still reduced consumption by 14 percent (Dercon, Hoddinott and Woldehana, 2005). 

· For the same country it has also been found that uninsured 1999 and 2002 droughts increased consumption poverty for about 14% (Dercon, Hoddinott and Woldehana, 2005).

· In the 1984-85 famine impact in Ethiopia when comparing the 25th and 75 percentile of households in terms of the severity of suffering (proxied by an index of severity of coping strategies), the latter had about 4 to 16 percentage points lower growth in the 1990s (Dercon, 2004).

· Beegle, De Weerdt and Dercon (2006) found that in Tanzania crop shocks going back to 1991-95  lead to consumption growth losses with point estimates of between 17 and 40 percent in 2004. 

	Assets 


	· In Ethiopia having a large herd of 45-75 cattle at the beginning of a drought during 1980-1997 helped to smooth consumption and ensured a reasonable herd size after a drought, but having below 45 prevents households from diversifying income sources rendering them vulnerable to shocks (Lybbert et al., 2004).

· Barrett et al. (2007) found that for pastoralists in Northern Kenya the variability of household expenditures exceeds that of income below a dynamic asset poverty threshold, but not above it. This shows the poor manage their herds to smooth assets, not consumption.

· Selling-off livestock partially compensate for the impoverishing and un-equalizing effect of the 1984-1985 drought in Burkina Faso (Gini for total household income falls in most affected zone, Sahel) due primarily to distress sales of livestock by the poor (Reardon and Taylor 1996). For the same country and shock Fafchamps, Udry and Czukas (1998) have also found that livestock compensate for twenty to thirty percent of crop income shortfalls.
· Kazianga and Udry (2006) found that in Burkina Faso that changes in livestock holdings and within-village risk sharing during drought periods from 1981-85 were not used to smooth consumption suggesting an intentional destabilization in consumption to conserve livestock through the drought period.
	· Little et al. (2007) found that in north-eastern Ethiopia, the 1999-2000 drought increased asset poor households from 60% in 1997 to 78% in 2003. As a consequence of this shock 95% of asset destitute households (with one or fewer TLU) in their study sample remained poor after six years (Little et al 2007).

· Also in Ethiopia,  after the 1984-85 famine it took on average ten years for asset poor households to recover their livestock holdings to pre-famine levels (Dercon, 2004).

· For Tanzania, Dercon (1996) found that a household with an average livestock holding allocates 20 percent less of its land to sweet potatoes (low drought-risk low return crop) than a household with no liquid assets (livestock). As a result, the crop portfolio of the wealthiest quintile yields 25 percent more per adult than that of the poorest quintile. 

· In Zimbabwe Elbers and Gunning (2003) calibrated a growth model that account for risk and risk responses using 50 randomly drawn shocks one for each year. They found that exposure to risk reduces growth; capital stock is reduced by more than 40 percent. Two-thirds of this loss is due to ex-ante strategies by which households try to minimize the impact of risk (build up of livestock holdings to cope with consumption risk).

· In Ethiopia, Dercon and Christiaensen (2006) studying the impact of village-level rainfall during 1994-1999 on consumption outcomes found that the adoption and use of fertiliser was significantly lower for those with higher consumption risk due to drought. Moving households up in the consumption distribution at the 10th percentile by one standard deviation would result in 44 percent more intake of fertiliser.


	Education
	· In Cote d’ Ivoire, Jensen (2000) found that school enrolment rates declined by 14 and 11 percentage points among boys and girls (respectively) living in areas that experienced a rainfall shock in 1986-87. Overall school enrolment rates declined 20% in the shock regions relative to the non-shock regions.


	· In Zimbabwe children affected by the 1982-4 droughts showed delays in school enrolment of 3.7 months and reduction in grade completion of 0.4 grades, 13 to 16 years after the shock, this could imply 14 percent loss of their lifetime earnings (Alderman et al., 2006).



	Health
	· In Ethiopia relatively poor rainfall in 1994-95 lowered BMI for households with low land holdings by about 0.9 per cent (Dercon and Krishnan, 2000).

· It has also been found that children aged between 6 to 24 months lost about 0.9 cm growth over a six month interval (1995-96) compared to those residing in communities where drought-damaged crop area was 50% lower (Yamano, Alderman and Christiaensen, 2005).

· In Zimbabwe, Hoddinott (2006) showed that preservation of physical assets during the 1994-95 drought appeared to cause women’s body mass to fall by about 3%, although they appeared to recover quite quickly after the shock. 

·  For Cote d’ Ivoire the percentage of sick children taken for consultation after a rainfall shock in 1986-87declined by around 1/3 for those who received the negative shock and increased slightly for boys in regions with normal rainfall (Jensen 2000).
	· In Ethiopia, Porter (2008) showed that children that were in utero or less than 36 months of age at the time of the 1984 famine and living in a drought shock village were significantly shorter (almost 3cm) ten years after the shock than their counterparts.

· Alderman et al. (2006) find that in Zimbabwe children (12-24 months of age) affected by the droughts in 1982-84 experienced a loss of stature of 2.3 centimetres in late adolescence.

· In Zimbabwe also, Hoddinott and Kinsey (2001) showed that the 1994-1995 drought lowered annual height growth rates in children between 12-24 months by 15-20% (1.73 cm) relative to control group.

· For the same country and shock Hoddinott (2006) also found that the drought shock had permanent consequences for children aged 12-24 months. Four years after the climatic shock this children remained shorter than their counterparts that have not experienced the drought. The impact was greater for children living in households with holdings of livestock below the median (poorer households), who were the households who did not sell livestock in the aftermath of the 1994-5 drought, even though they had assets that they could have sold.
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� Reardon and Taylor (1996) found that the impoverishing and un-equalizing effect of the 1984-1985 drought in Burkina Faso was partially counterbalanced by a sell-off of livestock by the poor (Gini for total household income fell in the Sahel, the most affected zone). During the 1994/95 drought in Zimbabwe, livestock also appear to buffer the drought impact over children living in poor households: a regression of growth in the height of children 12-24 months for children residing in households below and above the median value of pre-drought livestock holdings found that drought only affected the growth of children residing in poorer households (Hoddinott and Kinsey, 2001).





� Results are based on a model regressing the change in BMI (natural logarithm of BMI) on the previous level of BMI, shocks and a number of time-varying control variables, as well as controlling for fixed effect in the change in BMI.


� A strand of research called critical-period programming deals with the link between early life conditions and outcomes later in life. The idea is that the fetal stage and infancy are critical periods in physical development, and that early-life shocks can have long-lasting effects on health. When facing low nutrition or other adverse health conditions, the developing fetus or infant prioritizes the brain to receive limited resources, compromising the development of other organ systems. The damage is to some extent irreversible, and the individual is thus ‘programmed’ for worse health later in life.


� The educational setbacks are probably mediated by the slow height growth in children (Glewwe, Jacoby and King, 2000).


� A tropical livestock unit (TLU) is a measure that weights together different kinds of animals into cattle


equivalents.


� This paper did not allow for the non-linearities implied by multiple equilibria, as in more direct tests of poverty traps.


� This simulation was based on a model of self-insurance through savings under presence of imperfect credit markets where households maximize expected utility over time and have precautionary motives for saving (from which they receive a safe return). Also, they behave as if there was an infinite planning horizon building up assets in good years to draw them down when income is poor –and thus leading to a time when assets get exhausted.
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