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“Intestines or Computers: On Climate Forecasting and African Pastoralists’ Asymmetric Updating of Rainfall Beliefs”

Abstract:
Seasonal climate variability remains a source of acute uncertainty for many of the world’s poor. Recent advances in model-based climate forecasting, best known for raising awareness of El Niño events, have expanded the range, timeliness and accuracy of forecasts available to decision-makers whose livelihoods depend on climate outcomes. Yet in cultures that have long used climate forecasts based on indigenous methods, such as reading the intestines of slaughtered livestock, new forecasts disseminated by outsiders and based on computer models may not readily gain the acceptance necessary to induce behavioral change.  The value of model-based forecasts depends critically on the premise that forecast recipients actually use the modern forecast information to update their rainfall expectations.  We empirically test this premise using unique data from surveys of pastoralists and agropastoralists in southern Ethiopia and northern Kenya. We estimate a model of a pastoralist’s updating of seasonal rainfall beliefs and conclude that those who receive and believe model-based seasonal climate forecasts do indeed update their prior rainfall expectations in the direction of the forecast received.  Recipients seem to assimilate optimistic forecasts more readily than pessimistic forecasts, signaling asymmetric updating. 

I. Introduction

Climate variability has been a great source of uncertainty throughout human history. Epic droughts, catastrophic floods and resulting famines and mass migrations litter our inherited past. While meteorologists today are able to forecast accurately short-range weather patterns and are generally able to cope with longer-range climate fluctuations, climate variability remains largely unpredictable and still critically affects livelihoods and economies worldwide. Information can be valuable when it facilitates improved decision-making in the face of temporal uncertainty such as that associated with climate.  Whether the costs of climate variability are measured in dollars or deaths, it may pay to have timely climate forecasts that are reliable enough to help formulate response strategies, both to evade disaster and to capitalize on opportunities specific to particular climatic states.  

Recognizing the value such forecasts could have to subsistence farmers and pastoralists
 living in arid and semi-arid lands (ASAL) especially prone to drought, particularly the ASAL of Sub-Saharan Africa (SSA), several development agencies have directed much attention and funding to establishing Famine Early Warning Systems (FEWS) over the past decade.  More recently, a big push has been made to add climate forecasting systems based on computer models of coupled atmospheric-oceanic circulation patterns that translate data on wind speeds and directions, topography and sea surface temperatures into seasonal precipitation forecasts issued one to six months in advance. Excitement about the potential development benefits of climate forecasting is based on the observation that pastoralists’ and farmers’ extreme dependence on the natural environment combined with considerable seasonal fluctuations in SSA often creates poverty traps from which the poor have trouble escaping (Ellis, 1994). 

Simply having climate forecasts does not make them valuable, however.  If the poor are to benefit directly from climate forecasting, then several necessary conditions must be met. 

(i) Computer-based climate forecasts be accurate in forecasting local rainfall or rainfall-related outcomes such as crop yields.  

(ii) Local decision-takers must also receive and believe these external forecasts. 

(iii) Furthermore, given they receive and believe these forecasts, locals must update their prior climate beliefs in accordance with these more accurate external forecasts.

(iv) Decision-takers must then be able and willing to change behavior in response to updated climate beliefs.

This paper focuses on points (ii) and (iii). Necessary condition (i) has been addressed adequately in the atmospheric sciences literature for several locations in Africa (Cane et al., Hulme et al.). A companion paper (Luseno et al. 2002) explores the complex issues surrounding (iv) for the pastoralist populations we study here.  In the present paper, we restrict our attention to the core questions of who receives information and how it changes their beliefs about uncertain future states of nature.  Toward those ends, we determine what factors affect who receives and believes external climate forecasts, then we test whether those who receive and believe external climate forecasts update their prior climate beliefs by adjusting their probabilistic priors towards the probabilities offered by the external forecast. We estimate these models using a unique data set collected among pastoralists and agropastoralists in southern Ethiopia and northern Kenya.

II. Beliefs Updating in the Literature

Uncertainty enters importantly into most economic decisions. When uncertain outcomes are assigned probabilities, uncertainty becomes risk and can, in theory, be more easily managed. Given probabilities on outcomes, and assuming economic agents behave rationally, economic theorists can devise models of expected utility and risk aversion to predict market outcomes. The objective probabilities required by such models, however, are mostly missing in reality. Instead, economic agents must formulate their own beliefs about uncertain outcomes and thus largely deal in subjective, not objective, probabilities. In formulating these subjective probabilities, people typically start with some initial (perhaps naïve) beliefs about the underlying probability distribution, then commonly seek supplementary information from sources they recognize as relatively reliable.  They then update their prior beliefs in response to new information deemed at least somewhat reliable, thereby generating a new, posterior subjective probability distribution, following a Bayesian mechanism. This process of informational flow and belief updating can directly effect behavior and market outcomes and has hence been the focus of economic research.

Hirshleifer and Riley (1992, p. 5, hereafter HR) ask the questions, ‘suppose there exists an option of getting additional information, how should an individual decide whether to get this information and, should she decide to get it, how much information to collect?’ and ‘how do such ‘information actions’ affect market equilibria?’ They attempt to answer these questions by formulating a model in which there are a number of possible future states (s=1,…,S) and several actions (x=1,…,X) that might be taken by an individual. An action must be chosen before the future state is known and has a consequence cxs after the state is observed. The individual begins with an unconditional prior probability of state s obtaining, denoted πs, but has the option of seeking additional information to help refine πs. Additional information comes in the form of messages (m=1,…,M), each with qm, an unconditional probability of being received. From the individual’s perspective, the potential value of receiving a message is based not on the message per se but on an accompanying joint probability matrix, which gives jsm, the joint probability of observing state s given message m is received. Provided the individual has confidence in both the message received and the associated jsm, she is able to update her unconditional prior beliefs according to Bayes’ Theorem. Her updated posterior beliefs therefore become 
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as the conditional likelihood (probability) of receiving message m given that state s obtains, we have
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 represents an updating factor dictating in which direction and how much to change the unconditional prior probability upon receiving message m.

HR derive from this abstract formulation three “useful propositions” that are relevant to the present paper. First, an individual’s confidence in his prior beliefs largely determines whether he seeks additional information and, if he seeks and receives it, how he processes it. HR point out that this confidence is expressed statistically in the “tightness” of the prior probability distribution, i.e., by dispersion around the mean. Second, the greater the confidence of the message (i.e., the tighter the distribution of qm/s) the greater its effect on the individual’s posterior probability distribution. Third, the more ‘surprising’ a message, measured by how different it is from the individuals prior beliefs, the greater the updating effect.
 

Testing these abstract propositions empirically is difficult because the updating of prior beliefs is fundamentally an unobservable cognitive process that is explicitly expressed only in rare circumstances. Consequently, the empirical work on how people respond to new information by updating their beliefs is based on inference.  Slovic (1987) examines how people process information about and formulate the risks of chemical and nuclear technologies and concludes that while experts employ sophisticated risk assessment tools to evaluate hazards, most everyone else relies on intuitive risk judgments. This intuition, often called risk perception, is based largely on the mishaps and threats that are documented in the popular media. Noting experts’ common frustration with citizens’ inability to correctly process new information and appropriately update their perceptions of risk, Slovic points out that disagreements about risk should not be expected to vanish when credible evidence is presented since strongly-held prior beliefs resist change because they affect the way subsequent information is processed, a validation of HR’s first proposition. Slovic concludes that risk communication and management are bound to fail if they are not structured as a two-way process in which both the public and the experts engage in a dialogue, an observation relevant to contemporary, largely top-down efforts to anticipate climate shocks in marginal areas of the developing world. 

Some studies have shown that people, especially non-experts, rarely update their beliefs in predictable ways. In studies of the challenges of communicating to homeowners the risks associated with radon, only a fraction of homeowners who had voluntarily tested the radon levels in their homes and learned that these levels were high enough to merit mitigation actually followed through with the recommended mitigation (McClelland, et al., 1991). Apparently, disappointingly few homeowners updated their beliefs about radon risks or, if they did, few acted as if they updated their risk perceptions. Radon presents an invisible and unfamiliar risk to most homeowners, however, and other studies find that when experts are involved, the processing of information and the updating of beliefs conforms more closely to Bayes’ Theorem. 

Investigating the futures market for concentrated orange juice, a commodity that is highly sensitive to frost, Roll (1984) finds a significant relationship between returns on orange juice futures and subsequent errors in temperature forecasts by the National Weather Service for the central Florida region where most juice oranges are grown. Most participants in commodity markets seem to update their beliefs predictably in response to temperature forecasts, and, consequently, prices on orange juice futures incorporate these expectations. Only when these incorporated forecasts are wrong do traders respond by adjusting prices. Even if experts consistently update their beliefs in a Bayesian manner, they are still subject to complex human emotions and cognitive limitations. One recent study finds, for example, that sunshine is strongly significantly correlated with daily stock returns (Hirshleifer and Shumway, 2001). Even experts’ processing of information is not immune to feeling a bit more optimistic on sunny days. No one, it seems, is a perfect Bayesian.   But how Bayesian are some of the world’s least educated and technology savvy subpopulations, such as pastoralists in the Horn of Africa?

III. An Econometric Model of Climate Forecast Updating

Like agriculturalists everywhere, pastoralists and agropastoralists in the east Africa depend heavily on rainfall and must make many production decisions before the current season’s rainfall is observed. In this section, we develop a simple model of an Ethiopian or Kenyan pastoralists’ updating of climate beliefs and then derive an econometric approach to test whether locals who receive external climate forecasts update their climate expectations in predictable ways.  Perhaps surprisingly to those who question the acceptability of probabilistic, computer-generated climate forecasts among largely illiterate pastoralists steeped in cultures rich in indigenous climate forecasting traditions, a nontrivial subpopulation of pastoralists indeed hears and believes the modern forecasts and clearly updates their beliefs in response to the new forecast information.

Assume there are three possible precipitation states, above normal (A), normal (N) and below normal (B) rainfall, such that s={A, N, B}. The herder-farmer has several feasible actions among which he chooses, including herd migration, livestock sales or slaughter, crop or varietal choice, timing of planting, protection against pests, use of inorganic fertilizers, etc. For simplicity, we refer to a vector of actions as strategies (x=1,…,X). The consequences (Cxs) of these strategies and states of nature can be described by a results matrix as follows:

	Strategies (x)
	
	States (s)

	
	
	A
	N
	B

	
	1
	c1A
	c1N
	c1B

	
	2
	c2A
	c2N
	c2B

	
	…
	…
	…
	…

	
	X
	cXA
	cXN
	cXB


Although this matrix does not directly relate to the empirical implementation that follows, because we look solely at the updating process in this paper, it is nonetheless important to situate the updating process within a broader analytical framework of choice under uncertainty. The value of updating beliefs lies in the variability of consequences conditional on realized states of nature and the correlation between forecast messages and states of nature.  If one strategy is optimal regardless of the state of nature or if the forecast message is uncorrelated with observed states of nature, the decision-taker gains nothing by updating beliefs.  In general, however, it behooves people to update probabilistic beliefs in response to informative signals already received. 

Unconditional prior beliefs for individual i in village j are πiA, πiN, πiB for A, N, and B, respectively, with are πiA+πiN+πiB=1.  In contrast to HR’s framework in which the individual receives a message and an accompanying joint-probability matrix, when an individual receives an external climate forecast she is not receiving a ‘message’ in the HR-sense, but rather a directly comparable set of external forecast probabilities.
 If she has complete confidence in the validity of this external forecast, she considers these objective probabilities, meaning she updates completely and immediately, replacing her priors with this new set of probabilities.  Otherwise, and as is far more likely given that the priors of an experienced pastoralist are informed by extensive past history as well as indigenous forecasts readily available throughout the community, she treats the external forecast as competing subjective probabilities that must be reconciled with her prior beliefs. Thus, the updating equation that determines her posterior beliefs is somewhat different than in (1) and is given by

(2)
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where πDMC,js is the external forecast probability for state s and s={A, N, B}. 

We use the DMC subscript here because in the Horn of Africa external climate forecasts are released by the Drought Monitoring Centre (DMC), based in Nairobi, and then disseminated through national meteorological agencies. The updating equation in (2) simply states that an individual’s posterior probability is computed as her prior probability adjusted for the difference between the DMC’s forecast and her own prior probability multiplied by δij, which can be interpreted as an updating weight representing the individual’s willingness to abandon her own prior in favor of the DMC forecast probability. Note that (2) can be rearranged to express the posterior probability as a simple linear combination of the prior probability and the DMC’s forecasted probability. 

(3)
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Thus πij|DMCs is simply a weighted average of individual i’s prior belief and the relevant DMC forecast, with δij the weight that determines how these two competing probabilities are reconciled in the updating of the pastoralist’s beliefs about the upcoming season’s climate.  This is the sense in which pastoralists’ updating of climate beliefs pits intestines, reading of which is the most common source of indigenous climate forecasts in the region, against computers, the source of external forecasts disseminated by DMC and the national meteorological agencies.

If the DMC forecast was perfectly, uniformly disseminated and receiving the forecast was costless, then the simple updating model above would suffice for empirical investigation. Unfortunately, since the means of accessing information (e.g., radios, roads, access to extension agents) are unevenly distributed in the region, so too is access to DMC forecasts. One must often seek out the forecast, either from neighbors or extension agents. Moreover, even those receiving the DMC forecast may express a lack of confidence in the forecast.  An important modification must therefore be made to the updating equations above to reflect these facts. If an individual does not receive the DMC forecast, the weight on πDMC,js should be zero. Likewise if an individual who receives the DMC forecast does not believe it, this weight should be negligible. A more appropriate updating equation is therefore

(4)
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where rcij=1 if individual i receives and has confidence in the DMC forecast and rcij=0 otherwise. When δij=1, individual i, who both receives and has confidence in the DMC forecast, is willing to adopt completely the DMC’s forecast as her own (i.e., treats the DMC’s forecast as an objective probability). The updating equation in (4) can be further simplified to

(5)
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where dijs=(πijs-πsDMC,j) and dsij|DMC=(πsij|DMC-πsDMC,j).  In section IV we study explicitly this conditional difference in respondents’ probability distributions over climate state.

Prior beliefs (πijs) are founded on  complex cognitive processes that are difficult either to model explicitly or to elicit for direct empirical investigation. Nonetheless, external traits should provide signals about how an individual processes information and formulates beliefs. People naturally formulate expectations based on their experiences and the wisdom gained from the costly errors of the past. In particular, those with formal education may learn differently from those without formal education, especially scientific training, and may therefore come to very different conclusions than the uneducated. 

As with most individual beliefs, climate beliefs are also partly a function of prevailing social norms. Community level covariates thus matter to an individual’s priors. We have found a wide range of indigenous climate forecasting methods in use in our study region.  Some pastoralist communities observe clouds, wind or lightning following methods that likely have their origins in traditional understandings of what contemporary researchers might recognize as atmospheric science.  Others watch the behavior of livestock, wildlife or local flora.  Still others slaughter animals to read their intestines, watch the stars or the moon, or interpret dreams.  Many of these methods generate long-lead, seasonal forecasts that roughly match the time scale of external, model-based forecasts.  

As has been emphasized elsewhere in the developing world, traditional climate forecasting methods may been have poorly understood, but may nonetheless be based on intrinsically scientific foundations that account for moderate observed forecast skill (Orlove et al. 2000, The Economist 2001, Roncoli et al. forthcoming, Luseno et al. 2002).  As the chemist-philosopher Michael Polanyi emphasized in his articulation of the concept of “tacit knowledge”, people often arrive at the correct answer, if sometimes by inappropriate, imprecise or even incorrect means because they know and can implement knowledge and skills that cannot be readily explained (Polanyi 1966). Based on the extensive ethnographic information provided by our sample communities, there seem to exist such tacit scientific foundations for their ethno-meteorological practices.  Nearly everyone receives these traditional forecasts for the coming season (Luseno et al. 2002), so they constitute common knowledge across all individuals within communities in our sample.  
Pastoralists’ prior beliefs about seasonal climate patterns, informed by experience and ethno-meteorological forecasts, are thus likely far from naïve when a subset of pastoralists receive and feel some confidence in external DMC forecasts.  It is therefore not very surprising that very few pastoralists engage in complete, immediate updating in response to receipt of computer-generated seasonal climate forecasts (see Section IV).  The greater question is how or even if individuals update beliefs founded on experience and traditional forecasts in response to computer-generated forecasts disseminated through modern sources. 

Finally, there is considerable room for unexplained error. For example, the current weather likely affects one's mood and, consequently, one's expectation for seasonal rainfall. In short, individual i’s prior, πijs, can be written as a function of a vector of individual characteristics, xi, a vector of village characteristics, zj and an error term to account for the many unobservable factors (including mood) that affect an individual’s cognitive processing of information, as follows:
 

(6)


[image: image9.wmf])

,

,

(

f

ij

j

i

s

s

ij

z

x

f

e

p

=

   

The prior belief defined in (6) provides the individual with a baseline which she can adjust according to the updating equation in (5).

There are two econometric approaches worth considering as we try to understand the degree to which pastoralists update their climate beliefs. The direct approach involves directly recovering πijs for individuals who do receive and believe the DMC forecast. Recall that πijs is only observable for individuals who neither received nor believe the DMC forecast. This requires an explicit model of πijs, but enables one to estimate (5) directly. The coefficient on the interaction term in such an estimation represents the mean updating weight (
[image: image10.wmf]d

) implied by the data. 

The alternative, indirect approach does not attempt to recover πijs and instead models πijs implicitly. This approach does not permit direct estimation of the updating equation in (5). Both approaches will be described here and then estimated in the next section. 

Directly recovering πijs for individuals receiving and believing the DMC forecast requires an explicit model of πijs. Since πijs is observed if and only if rcij=0 and is latent otherwise,
 this can be modeled as a selection bias model where the outcome equation is shown in (6) and the selection equation specifies the factors that affect whether an individual receives and believes the DMC forecast. Household characteristics such as ownership of a radio and education, and village characteristics such as nearness to major roads importantly determine whether an individual receives and believes the DMC forecasts. Thus,

(7)
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Correcting the outcome equation in (5) for this selection bias yields parameter estimates that can be used to estimate 
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 for those receiving and believing the DMC forecast, thereby recovering their prior beliefs. With these priors in hand, the updating equation in (5) and the mean update weight can be estimated directly.

The indirect approach involves a more implicit formulation of πijs.  There are several factors that presumably affect δij. Again, individual and village characteristics influence an individual’s disposition to assimilate the DMC’s forecasts by updating her priors. Thus, 

(8)
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With δij defined, the indirect approach controls for individual and village characteristics, which affect both the formulation of πijs and an individual’s willingness to assimilate the DMC forecast (δij), to ascertain whether dijs is smaller for individual m receiving and believing the external forecast (rcmj=1) than for individual n with rcnj=0. More formally, 

(9)
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One additional prospective complication deserves attention. Since πijs is not explicitly recovered for individuals with rci=1 and the newness of external forecast information affects the updating process, an attempt must be made to generate some proxy for πijs. One such proxy allows for another relevant dimension to be introduced. 

As presented thus far, dijs can be either positive or negative, depending on whether the DMC forecast is more or less favorable than individual i’s observed forecast, which raises the question: are individuals likely to update asymmetrically? Certainly, just as mood affects one’s assessment of risk, so too might one systematically react differently to bad news than to good. We refer to the DMC forecast as “pessimistic” if it assigns greater likelihood to below normal seasonal rainfall than recipients had previously believed (πijB<πDMC,jB) or that above normal seasonal rainfall is less likely (πijA>πDMC,jA). A recipient may assimilate this bad news less or more readily than good news that is of a similar distance from her prior belief. That is, surprises should have two important dimensions in updating: magnitude (i.e., distance from prior) and direction (i.e., whether the surprise is good or bad). To account explicitly for potential asymmetries in updating, (9) can be modified as 

(10)
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where

(10a)
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where n-DMC,j is the number of individuals in village j who neither received nor believe the DMC forecast and 
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is the difference between the non-DMC-based climate consensus in village j and the DMC’s forecast for village j. This variable is defined for s={A,B} such that 
[image: image18.wmf]0

d

s

j

,

DMC

>

-

 implies that the DMC forecast represents ‘good news’ to those who receive it. The interaction term
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therefore picks up whether the DMC forecast is received as ‘good’ or ‘bad’ news, as well as how ‘good’ or ‘bad’ this news is. In effect, this interaction term proxies for the interaction term in (5), with the added advantage of allowing the effect of a surprise on the updating process to be decomposed into a sign effect and a magnitude effect.  

IV. Data and Estimation Results

A. Data







The data used in this paper were collected as part of the broader Pastoral Risk Management (PARIMA) project of the USAID Global Livestock Collaborative Research Support Program. Approximately 30 households in each of 10 villages were surveyed, four in southern Ethiopia (Didi Hara (DH), Dillo (DI), Finchawa (FI), Wachile (WA)) and six in northern Kenya (Dirib Gumbo (DG), Kargi (KA), Logologo (LL), Ngambo (NG), North Horr (NH), and Suguta Marmar(SM)). Baseline surveys were fielded in Spring/Summer 2000 and solicited basic household characteristics. Follow up surveys were conducted every three months thereafter. Climate-focused survey modules were added immediately prior to the long rains in March 2001,
 and again following the long rains in June-July 2001. 

During the pre-rains survey, enumerators asked household heads whether they had heard forecasts of the upcoming season’s rainfall patterns, the source(s) of such forecasts heard, their confidence in the forecast information, past use of forecast information, etc.  A previous round of surveys among these households had gathered information on ownership of radios, educational attainment and other household-specific characteristics that may matter to an individuals’ priors, her updating of climate beliefs, or both.  Together, the information from these different modules allows us to establish who received modern, computer-based forecast information and who expressed confidence in that information.
  

The survey also included a novel elicitation of respondents’ subjective probability distribution over upcoming the climate state. Household heads were given 12 stones and asked to distribute them into three piles, each pile representing a different state (again, s={A, N, B}), with the number of stones in each pile representing the individual’s prediction about the likelihood that precipitation in the coming ‘long rains’ season would be A, N, or B. The DMC issued its own analogous probabilistic forecast for this rainy season for both Northern Kenya (πDMC,jA=25%, πDMC,jN=40%, πDMC,jB=35% for all villages j in Kenya) and Southern Ethiopia (πDMC,jA=35%, πDMC,jN=40%, πDMC,jB=25% for all villages j in Ethiopia).
  After cleaning the data and matching baseline households to households represented in the climate survey, we have data on 253 households’ available for estimating the econometric model described below.

B. Econometric Models & Issues
We estimate the two econometric models described previously: the direct model of (5) and the indirect model based on (10). The dependent variables in these models are dijs and |dijs|, respectively. 

Direct Approach: The direct approach hinges on the recovery of respondents’ priors, πijs, from a selection bias model following Heckman’s method. In the outcome equation (6), the vector of individual characteristics, xi, includes truly individual variables such as gender (MALE=1 if male, 0 if female), education (EDU=years of formal education) and age (AGE in years as well as AGE2), plus household characteristics such as whether the household cultivates seasonal crops (CULT=1 if cultivates, 0 otherwise),
 how many tropical livestock units (TLU)
 are owned by the household (CATTLE) and whether the household owns a radio (RADIO=1 if owns radio, 0 otherwise). The vector of village characteristics, zi, includes whether the village is located in Kenya (KENYA=1 if in Kenya, 0 if in Ethiopia) and whether it is near a main road (ROAD=1 if near road, 0 otherwise). The resulting, estimable outcome equation is therefore

(11)


[image: image20.wmf]f

j

9

j

8

i

7

i

6

i

5

2

i

4

i

3

i

2

i

1

0

s

ij

ROAD

KENYA

RADIO

CATTLE

CULT

AGE

AGE

EDU

MALE

e

+

b

+

b

+

b

+

b

+

b

+

b

+

b

+

b

+

b

+

b

=

p


The selection equation in (7) involves the same explanatory variables as in (11), plus a dummy variable indicating whether the individual participates in adult education (AEDU=1 if enrolled in  extension, literacy or other instruction outside the schools system), 0 otherwise). This variable is added in the selection equation and excluded from the outcome equation because participation in extension courses makes receipt of DMC forecasts more likely, but is assumed not to affect the individual's formulation of prior beliefs significantly.
 The selection equation is therefore

(12) 
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The receive-confidence variable (RC) is calculated as a dummy variable that is 1 if the individual received and expresses confidence in an external forecast provided by the DMC and 0 otherwise. 

There are two measures of confidence available in the survey data, both conditional upon receipt of the DMC forecast. One is an absolute measure of confidence indicating whether the individual has ‘some’ or ‘high’ confidence in the DMC forecast. The other is a relative confidence measure indicating whether the individual has more confidence in the DMC forecast than in traditional rainfall forecasts. The latter confidence measure is a stronger expression of confidence, and individuals with this degree of confidence are more likely to weight the DMC forecasts more heavily. Absolute confidence in the DMC forecast should nevertheless influence an individual’s updating decisions even if she maintains more confidence in traditional forecasts. We estimate (12) using both the stronger, relative confidence (RCij+) and the absolute confidence (RCij) dependent variables. 

Once corrected for selection bias, the resulting, consistent estimates of β can be used to estimate
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 for those whose priors are unobservable (rc​ij=1). The updating equation in (5) can then be directly estimated as

(13)
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where dijs= dij|DMCs =(
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-πDMC,js) if rcij=0, and dijs= (
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-πDMC,js) and dij|DMCs=(πij|DMCs-πDMC,js) if rcij=1. As mentioned earlier, δ2 is an estimate of the mean updating weight for the households surveyed that received and believe the DMC forecast. Referring to the updating equation in (5), the null hypotheses of interest here are

(14) 

Ho: δ1=1, HA: δ1≠1  



Ho: δ2=0, HA: δ2<0  

We estimate the model specified in (13) with both relative and absolute confidence measures (RCi+ and RCi, respectively). 

Indirect Approach: The indirect approach is both less elegant and less restrictive. The intuition behind equation (10) is relatively simple, namely, controlling for relevant household and village characteristics, the distance between an individual’s observed rainfall prediction and that of the DMC should be smaller for those receiving and believing the DMC forecast. The household and village vectors are the same as in the direct approach. We therefore estimate equation (10) as:

 (15)
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where GOODij is the interaction variable defined in (10a) and represents how ‘good’ or ‘bad’ the DMC forecast was considered by those who received and believed it relative to the non-DMC-based village consensus. In this formulation, as above, s={A, B} and ε​s is a random error term with ε​A≠ε​B and σAB=Cov(ε​A,ε​B) ≠0. (15) will be estimated for both RCi+ and RCi. 

Since |dijA|=|dijB|=0 indicates that individual i in village j has climate beliefs that correspond perfectly to the DMC forecast, a negative coefficient in (15) indicates that a marginal increase in the corresponding explanatory variable results in relative convergence between the individual’s and the DMC’s climate prediction. The coefficients of primary interest are β11 and β12. β11 is an ‘updating’ coefficient indicating whether those receiving and believing the DMC forecast update their climate priors in response to receiving and having confidence in the external forecast.  Finding that β11<0 would imply that, controlling for other factors, forecast recipients indeed update their beliefs in the direction of the DMC forecasts. β12 indicates whether those receiving and believing the DMC forecast assimilate good news differently than bad. Β12<0 would provide evidence that good news is assimilated more readily than bad news since GOODijs as constructed in (10a) is positive (negative) if the DMC is relatively good (bad) news, but zero if RCij=0. Relevant null hypotheses for these two coefficients are therefore

(16)

Ho: β11=0, HA: β11<0  



Ho: β12=0, HA: β12<0  

The remaining variables in (7) serve to control for other factors that affect an individual’s processing of information and formulation of expectations. Note that none of the individual or village characteristics are interacted with RCij, and corresponding coefficients therefore do not represent marginal effects of the variable on the processing of the DMC forecast. Rather, these coefficients indicate how individual and household characteristics affect the accuracy of an individual’s predictions relative to the DMC forecast. 

Gender, education and age should affect how an individual predicts seasonal precipitation as discussed in the previous section. Once a household that cultivates makes production decisions it cannot move its crops to areas with more rainfall if its climate expectations turn out to be wrong. A purely pastoralist household, on the other hand, can and does move its animals if rainfall is lower than expected. Hence, accurate precipitation predictions are relatively more valuable to households that cultivate, and one would expect such households to formulate their beliefs relatively more carefully. Β6 should therefore be negative. 

Since the herd size held by a household is a strong correlate of wealth and wealthy households are better able to cope with climate shocks, one might expect such households to care relatively less about accurate rainfall predictions. Furthermore, households with more livestock are likely to be more pastoralism-oriented and thus more mobile in responding to rainfall shortages, a further reason to expect β7>0. Conversely, there are legitimate reasons to expect β7<0. Wealth may be correlated with latent characteristics that affect cognitive processing of information. Wealthy households could be wealthy precisely because they are, on average, relatively good at assessing and strategically responding to information. Wealthy households may also have access to broader networks of information. A priori expectations on β7 are therefore ambiguous.

Whether an individual possesses a radio directly affects her access to information, including the DMC forecast. Receipt of the DMC forecast is already controlled for elsewhere in the model, but exposure to other forms of information via radio may make an individual better at formulating realistic expectations. Owning a radio is also an expression of a broad willingness to know and could signal that an individual is proactive formulating realistic beliefs. Thus, even after controlling directly for receipt and belief in the DMC forecast, owners of radios may more accurately formulate precipitation predictions, reason to expect β8<0. Since ownership of a radio should most directly affect RCij, however, this coefficient should be relatively modest in magnitude.

The two village variables, KENYA and ROAD, are both expected to improve individuals’ forecast accuracy. Relative to Ethiopia, Kenya has better infrastructure, including education and health care, which should help individuals formulate more accurate rainfall predictions. Living near a main road provides an individual with exposure to a steady stream of external information and should also serve to improve individuals’ predictions. Again, because both affect RCij​ more directly, the magnitudes of these coefficients should be relatively small.

There are several econometric issues that must be addressed before proceeding with the estimation. First, the dependent variables in (13) and (15) have distinctly discrete properties for two reasons. There are only two relevant DMC forecasts given the geographic coverage of the survey data, one for northern Kenya (πDMC,KA=25%, πDMC,KB=35%) and another for southern Ethiopia (πDMC,EA=35%, πDMC,EB=25%). Furthermore, individual predictions about states A, N, and B were solicited using 12 stones and the resulting probabilities are therefore measured in increments of 1/12=8.33%. Since there are two different DMC forecasts for each state, there are 24 possible values for dijs and 23 possible values for |dijs| for s={A, B}. Figure 1 illustrates the discrete properties of |dijs|, which is more pronounced than implied mathematically since the observed frequency is zero for several possible values. Thus, |dijA| and |dijB| take on only 17 and 14 different values, respectively, rather than the 23 possible values shown on the horizontal axis. Estimation should allow for heteroscedasticity to account for the discrete nature of the dependent variables and for the effect this discreteness has on the variance of the errors.  

Figure 1 also points to the second econometric issue: |dijs| is doubly-censored. Though not represented in the figure, dijs is of course also censored. Specifically, dijs is left-censored at (-πDMC,js) and right-censored at (1-πDMC,js). |dijs| is left-censored at 0 when πijs=πDMC,js and right-censored at (1-πDMC,js) when πijs=1.
 Figure 1 shows that there are a number of observations at both the left- and right-censor for s=A and a few left-censored (but no right-censored) observations when s=B. Estimation of the models in (13) and (15) will account for this double censoring using Tobit estimation. Consequently, marginal effects (at the median) will be calculated as the estimated coefficient adjusted for the probability that the dependent variable is not censored. 

Thirdly, it is reasonable to assume that an individual’s propensity to update given that she receives the DMC forecast is state-dependent. That is, a risk averse individual may be especially concerned about the possibility that s=B and less concerned about s=A. She may therefore process any new information about the probability that s=B more carefully than similar information about s=A. Thus, the coefficients in (13) and (15) may be different for s=B than for s=A. It is reasonable, however, to expect that the random error terms in the s=B and s=A equations are correlated. This type of link between equations normally justifies the use of Seemingly Unrelated Regression (SUR) techniques that improve estimation efficiency. As pointed out in (Greene, 1997), however, efficiency is only gained when the independent variables in the related equations are not identical, otherwise Ordinary Least Squares (OLS) and SUR estimation with Generalized Least Squares (GLS) are identical. In (7), GOODijs is the only variable that distinguishes s=A from s=B. If these equations were estimated with OLS, the efficiency gain from SUR estimation would therefore be negligible. However, this result need not hold for nonlinear models. Because the dependent variable in these models censored and nonlinear Tobit estimation must be used, there may be efficiency to be gained with SUR estimation. We believe this potential gain is still limited and choose not to use simultaneous Tobit methods.  

Finally and importantly, there is an obvious cognitive endogeneity problem associated with using RCij as an independent variable in (13) and (15). The DMC forecast must be sought out and individuals who intend to use the information to improve their expectations will certainly seek more diligently than those who might consumer the DMC forecast only for its entertainment value, rather than for its informational value. The common remedy to endogeneity problems involves instrumental variables. In this case, we generate a proxy by estimating a RCij-dependent model and using (predicted) propensity scores, 
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, in estimating equations (13) and (15). The equation used to estimate RCij is identical in specification to the selection equation in (12), but will be estimated differently. The selection model in the direct modeling approach is estimated, using Heckman’s technique, as a Probit model. To generate fitted values of RCi for use as a proxy, however, the objective is to find the best fit. We therefore use a simple linear probability model since this aims for the best fit as measured by the R2 and thus estimates predicted values more efficiently than any alternative estimator. 

There are two common concerns about the linear probability model. First, the predicted probabilities or propensity scores are not necessarily contained in the range (0,1). Since the propensity scores in this case are to be used as instruments and not interpreted independently, this is not an issue. Second, errors in (12) are clearly heteroscedastic since RCij takes on either 0 or 1. This is, however, not a problem provided this heteroscedasiticity is corrected in the estimation. Since the form of heteroscedasticity is known, equation (12) can be estimated using GLS where the covariance structure is specified in accordance with the known heteroscedastic form. Alternatively, standard GLS techniques that estimate the covariance structure can be used to increase estimation efficiency. With small samples the efficiency gain from specifying explicitly the covariance structure relative to estimating it using standard techniques is modest. We therefore estimate (12) using standard GLS techniques. 

Using propensity scores to remedy the endogeneity problem raises two additional econometric issues. First, since 
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is a generated regressor, there is additional reason to be concerned about heteroscedascity. Recall that the discrete nature of the dependent variables in (13) and (15) already raised this possibility. The presence of a generated regressor further increases the efficiency gains associated with correcting for heterscedasticity. Second, since the regressors in (12) are nearly identical to those in (15), there are potential multicollinearity problems associated with using 
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, which is essentially a weighted average of several of the regressors already included. To remedy this potential problem, a few of the regressors in (15) can be dropped without affecting the model significantly. Specifically, education, ownership of a radio and proximity to a major road should intuitively enter into the model primarily through RC. As discussed, it is unlikely that these variables directly effect the accuracy (relative to the DMC forecast) of an individual’s forecast substantially.  

C. Results
The direct estimates of the updating equation, reported in Table 1, corroborate the hypothesis of strong updating.  For both the above and below normal forecast probabilities, the point estimates on δ1 are very near the theoretical value of 1.0 and for the above normal forecasts, one cannot reject the null that δ1=1 at any reasonable significance level.  Of greater interest to us, the δ2 estimates are uniformly negative, indicating pastoralists who receive and have confidence in computer-generated climate forecasts indeed update their beliefs considerably in the direction of the external message.   Indeed, when we use the stronger, relative definition of confidence (RC+), or in the case of below normal rainfall forecasts even using the weaker, absolute definition of confidence in the external forecasts (RC), we cannot reject the null hypothesis of complete updating (δ2 = -1) at any reasonable significance level.  In spite of ubiquitous access to and confidence in indigenous climate forecasting traditions, and despite their widespread illiteracy and unfamiliarity with modern technologies and science, east African pastoralists appear to update their climate beliefs reasonably strongly in response to modern forecasts disseminated from the regional Drought Monitoring Centre through national meteorological services.

The indirect approach reinforces these findings.  Table 2 reports the results of the instrumenting, linear probability model for the RC and RC+ dummy variables.  The results are strikingly similar whether one uses the stronger, relative or the weaker, absolute definitions of recipient confidence in the forecast.  The probability of receiving and having confidence in computer-generated, external forecasts is increasing in years of schooling completed and among those who possess a radio or live near a main road,  but is decreasing in age throughout most of our sample range, and among those who cultivate crops.  Note that the fit on these instrumenting equations is not especially good, with r2 of just 0.13-0.23.  This will necessarily hurt the precision of the Tobit estimates that use the instrumented values for RC to eliminate prospective endogeneity. 

The results of the indirect updating model appear in Table 3.  Once again, those who receive and have confidence in external forecasts indeed appear to update their priors strongly in the direction of the DMC prediction.  The magnitudes of the point estimates are broadly similar, from -17 to -21, and statistically insignificantly different from one another for both above and below normal forecasts, although the below normal forecast distances are estimated with much greater precision.  Given the weak fit of the instrumenting equations, the large magnitude of the negative coefficient estimates on RC and RC+ and the statistical significance of those estimates in three of four cases strikes us as reasonably strong evidence against the “no updating” null and in favor of the alternate hypothesis that pastoralists indeed update strongly in the direction of the modern climate forecasts they receive.

Recall that the GOOD variable in the indirect method permits identification of prospective asymmetric updating of beliefs in response to messages that are more or less optimistic than the respondent’s priors.  We find strong, consistent evidence against the null of symmetric response and in favor of the alternate hypothesis that pastoralists assimilate relatively good news more rapidly or completely than relatively bad news.  It indeed appears that climate forecast information has both sign and magnitude effects on respondents’ belief updating processes. 

Further suggestive evidence of this tendency to update asymmetrically in response to relatively positive news comes from the coefficient estimates on the Kenya dummy variable.  The unusual, early furmat rains in northern Kenya in January-February 2001, immediately prior to the survey and the release of the DMC seasonal forecast, appear to have led to considerable optimism about upcoming seasonal rainfall among our Kenyan respondents, as manifest in the large, statistically significantly positive coefficient on the Kenya dummy variable in the above normal state equations.  In the below normal state equations, by contrast, Kenya residence had no discernible effect on one’s posterior beliefs.  

A few other results from Table 3 warrant comment.  First, male respondents seem to be systematically more optimistic about rainfall than female respondents, as reflected in positive and statistically significant coefficients on the (male) gender dummy variable in the above normal state equations and negative, albeit insignificant, coefficients in the below normal ones.  Age does not appear to matter to one’s updating patterns once one controls for the likelihood of receiving and having confidence in external forecasts, which is affected by age, as previously discussed.  Perhaps surprisingly, livestock wealth appears uncorrelated with updating patterns, suggesting that wealth may not be attributable to more skillful management of information, in which case we would expect to find a significant, negative correlation between the updating distance measure and wealth.  Finally, respondents who cultivate crops evince subjective climate probabilities that are considerably closer to those of the DMC than do pure pastoralists. 

V. Conclusion

In a world of considerable temporal uncertainty, economic performance – indeed, mere survival in environments as harsh as the rangelands of the Horn of Africa – often depends considerably on the magnitude and speed with which decision-takers update prior beliefs in response to relevant new information.  Widespread optimism about the potential of information and communications technologies to equip economically vulnerable populations to make rapid, appropriate adjustments to changing conditions, climatic and otherwise, implicitly depends on the extent to which these peoples update prior beliefs.  Yet in cultures that have long used predictions based on familiar, indigenous methods, new forecasts generated and disseminated by outsiders using incomprehensible computer models may not readily gain the acceptance necessary to induce behavioral change. 

This paper studies the beliefs updating process directly, exploring how the subjective rainfall probability distributions of poor and largely uneducated pastoralists in southern Ethiopia and northern Kenya change in response to receipt of modern, computer-generated climate forecasts.  In spite of widespread availability and popularity of traditional climate forecasting methods based on the reading of slaughtered animals’ intestines and such, we find the computer-based forecasts carry the day, on average.  Pastoralists update their beliefs quite strongly in the direction of the modern forecasts.  This response is robust to several different specifications and to both direct and indirect estimation methods.  Furthermore, pastoralists’ response is especially strong when the external forecasts suggest a greater likelihood of a favorable (wetter) season than they had previously believed and in locations where they have recently observed seasonally above normal rainfall, suggesting a cognitive bias toward optimism.   
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Figure 1 Histograms showing the discrete properties of |dij|.





Table 3 Coefficients for the indirect (Tobit) approach to estimating the updating equation (dependent variable, |dijs|, measured as a percentage)








Table 1 Coefficients from direct (Tobit) estimation of the updating equation 





Table 2 Estimated (OLS) coefficients in linear probability model of receipt of and confidence in the DMC forecast








� Pastoralists are nomadic or transhumant herders whose livelihoods depend primarily on extensive grazing of livestock in arid and semi-arid regions.  Agropastoralists couple extensive grazing with crop cultivation.


� Updating as a social process understood within the context of Social Psychology. Social relationships likely affect the confidence one has in an external forecast. Specifically, the literature on Confirmation Bias (seek/incorporate new information that supports priors) and Belief Perseverance (priors are sticky and affect the interpretation of new information) is relevant.


� In the literature on Bayesian updating, confidence in these competing probabilities is represented as a variance, which the individual assigns to source. Updating then occurs according to inverse variance weights (i.e.,  the lower the variance assigned to a source, the more confidence and the larger the updating weight.)


� Note that the s superscript on f accounts for the possibility that above and below normal precipitation expectations are formulated in slightly different manners.  We will exploit this difference in the estimation, where we indeed find evidence of asymmetric updating.


� Note that our data, as discussed in the next section, provide only a single belief for each household, expressed as a trinomial probability forecast collected after the DMC issued its forecast.  Hence we have data on πij|DMCs. When rcij=0, πijs= πij|DMCs, but whenever rcij=1 and δij>0, πijs≠ πij|DMCs. 


� The “long rains” typically fall in this area March-May each year.  A few of our Kenyan sites had experienced rare, early (furmat) rains in January and February that seem to have induced unusual optimism about the upcoming rains, as manifest in unconditional subjective probability distributions that weighted above normal or normal rainfall much more heavily than did the DMC seasonal forecast. 


�  The post-rains survey asked the same households if they believe the forecasts to have been accurate.  Ex post expressions of accuracy were very strongly correlated with ex ante expressions of confidence, leading us to conclude that the ex ante confidence measure is indeed reasonably accurate in capturing the strength of respondent’s belief in the new forecast information.


� The DMC did not issue country specific forecasts.  As it happens, the dividing line between DMC forecast regions IV and V lay in northern Kenya, to the north of our Kenyan sites and to the south of our Ethiopian sites.


� The climate forecast module was nested in the middle of a broader repeated survey of the same households. The cultivation dummy variable is based on the dichotomous observation of whether the household ever cultivated crops over the year prior or year following the 2001 long rains we study.   The results are invariant to including only cultivation prior to the long rains of 2001, thereby obviating the potential endogeneity of cultivation after the start of the 2001 long rains to respondents’ climate beliefs.  


� One tropical livestock unit equals 0.7 camels, 1 cattle, or 10 goats or sheep.  This is a standard aggregation method.


� These courses aim to provide basic skills rather than to refine cognitive capacity per se.


� When πijs=0, |dijs|=πDMC,js, but since πDMC,js< 1-πDMC,js for all s (recall πDMC,js<50% for all s) and the difference is measured as an absolute value, πDMC,js is not a censoring point.
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		0		Guchi Boru		Dida Hara		1		1		50		0		0		0		6		2		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		0		1		1		1		0		1		0		0		0		0		0		0		1		1		1		0		1		0		0		0		0		0		0		1		1		1		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		1		1		0		0		0		0		0		0		1		1		0		1		0		0		3		2		3		3		0		0		0		0		1		0		2		10		0		16.6666666667		83.3333333333		0		35		40		25		-18.3333333333		43.3333333333		-25		18.3333333333		43.3333333333		25		16.6666666667		0		-8.5507246377		-2.5362318841														1		2		2		0		0						0		1		1		1		0		0						0		1		3		3		0		0						0		1		3		2		0		0						0		1		0		0				1		0		0		1		0		1		0		1		0		1		0				0		0		1

		0		Katu Jilo		Dida Hara		2		1		88		0		0		0		15		2		0		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0		2		1		2		2		0		0		0		0		1		0		3		4		6		25		33.3333333333		50		35		40		25		-10		-6.6666666667		25		10		6.6666666667		25		25		50		-8.5507246377		-2.5362318841														1		2		2		0		0						0		1		1		1		0		0						0		1		3		1		0		0						0		0						0		0						0		1		0		0				1		0		0				0		0		1				0		0		1				1		0		0

		0		Liban Bonaya		Dida Hara		3		1		45		0		0		0		3		2		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		1		1		0		0		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		0		0		2		1		2		2		0		0		0		0		1		0		4		5		3		33.3333333333		41.6666666667		25		35		40		25		-1.6666666667		1.6666666667		0		1.6666666667		1.6666666667		0		33.3333333333		25		-8.5507246377		-2.5362318841														1		3		3		0		0						0		1		1		1		0		0						0		1		3		3		0		0						0		0						0		0						0		1		0		0				0		0		1				0		0		1				0		1		0				1		0		0

		0		Bogale Huqa		Dida Hara		4		1		55		4		0		0		5		3		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		1		1		0		0		1		0		0		0		0		0		0		0		1		1		0		1		1		0		0		0		0		0		0		0		1		0		1		1		0		0		0		0		0		0		0		1		0		1		0		0		2		2		3		3		0		0		0		0		1		0		3		8		1		25		66.6666666667		8.3333333333		35		40		25		-10		26.6666666667		-16.6666666667		10		26.6666666667		16.6666666667		25		8.3333333333		-8.5507246377		-2.5362318841														1		2		2		0		0						0		1		2		2		0		0						0		1		3		3		0		0						0		1		1		1		0		0						0		0		0		1				1		0		0		1		0		1		0		1		0		1		0				1		0		0
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