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ABSTRACT
This thesis tests perceptions of climate variability with actual rainfall data. It also
compares the perceptions of agriculturists in Burkina Faso, West Africa with those of
agriculturists in the Sulphur Springs Valley. Southeastern Arizona. This study contests
claims by other researchers that farmers' perceptions of climate change are shaped by
events rather than variation in climate. The analyses demonstrate that people in both
regions are able to detect variations in climate on time-scales of at least a decade. Both
groups of farmers key into intra-annual variation that is related to seasonality. That
perceptions are based on seasons is due to the fact that seasonality shapes the
vulnerability of farming to climate in both regions. This thesis adds perceptions to the
analytical field of climate vulnerability studies and points out that the atmospheric
phenomena behind the variability tanners perceive merits scientific investigation.

9

CHAPTER 1. TESTING PERCEPTIONS OF CLIMATE VARIABILITY AMONG
FARMERS
A problem persists within anthropology's unique ability to engage in interdisciplinary
studies: ethnographic methods are rarely able to convince our colleagues in the physical
or natural sciences. Ethnography may do a good job of representing the perspectives of
those we study but often fails to mesh with the scientific data we must also analyze.
This thesis takes a step toward reconciling ethnography and scientitlc discourse.
Numerous social scientists are now engaged in understanding the human dimensions of
environmental change. .Anthropologists in particular have made important contributions
to studies of social vulnerability to climate change and variability. The specific goal of
this thesis is to test perceptions of climate variability using meteorological data. The
hope is that this testing provides a template for others to use in order to track long term
dynamics between oscillations in rainfall and the ways in which humans view these
changes.
But w hy is this important? On the one hand, "climate vulnerability" remains a
poorly defined field of study, being mostly the domain of geographers. Anthropologists
can provide a more dynamic toolkit for these studies and can bring the point of view of
groups affected by climate to the analytical table. Critics w ithin the ranks of climate
related social science too often state that the nature of vulnerability lies as much within
the realm of social networks and institutions as it does on the physical phenomena
themselves (Glantz 1987 ). The veracity of this assertion is undeniable but the links
between human conceptualizations of vulnerability and scientific criteria for
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vulnerability are disconnected. Anthropologists have begun to successfully bridge the
intellectual gap that divides social and physical science perspectives on environmental
change. In their book Misreading the African Landscape: Society and Ecology in a
Forest-Savannah Mosaic (1996) James Fairhead and Melissa Leach take to task the
prevailing opinion that deforestation was taking place at an unprecedented rate
throughout West .\frica. The authors used satellite imagery, aerial photographs and
ethnography to show that the forested areas were in fact expanding. These spatial
models of vegetation change corroborated the prevalent view among villagers that their
landscape was becoming more, not less, forested. In a similar sense, this analysis takes
the views of local farmers and tests them using rainfall information.
Questions concerning local and scientific perspectives ultimately revolve around
issues of scale in terms of both time and space. Bryant ei al. (1999) suggests that
fanners in Canada key into recent climatic events rather than multi-year precipitation
trends when they are asked about climate change. Similar studies of water managers in
the United Kingdom demonstrate that they perceive that regional rainfall is becoming
more intense but the authors were unable to test the accuracy of these statements using
rainfall records (Subak 2000). Researchers in the African Sudano-Sahel indicate that
fanners practicing subsistence agriculture express strong concerns regarding climate
change and that these perceptions are based on longer-term observations (Roncoli et al.
2000: Ovuka and Lindqvist 2000). Thus, it appears that perceptions of rainfall
variability in developed countries differ from those of people in developing countries.
Fanners in industrialized North America perceive that climate is changing through

individual events whereas subsistence farmers in Africa detect longer-term rainfall
trends.
This paper tests the temporal scale of specific perceptions of agriculturists in
both the developed- and developing-world contexts. It contends that seasonal rainfall
variability as seen by fanners in both the Sulphur Springs Valley and Burkina Fa.so
correspond to ten-year time frames. Thus, when people talk about their observ ations of
local climate variability they are indeed speaking in terms of "climate" rather than
"ev ents." This conclusion increases the value of research on future climate change
because it suggests that people can detect climate variability. Hence, stakeholders may
be able to take advantage of long-term climate predictions.

1.1 Addressing Gaps in Climate Vulnerability Literature
•Anthropologists have studied human-climate interactions since at least E.E. EvansPritchard's The Nuer: A Description of the Modes of Livelihood and Poliiiccil
Institutions of a Nilotic People (1940). In this work. Evans-Pritchard lists seven
characteristics of the Nuer environment including rainfall and droughts and then states:
"These characteristics interact with one another and compose an environmental system
which directly conditions Nuer life and influences their social structure. The
determination is of so varied and complex a nature that we do not attempt to summarize
its full significance ..."(1940:55). With the severe droughts that hit the Sahel between
1968 and 1972. social scientists began analyzing the more direct relationships between
droughts and livelihoods. A seminal work is Franke and Chasin's Seeds of Famine:
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Ecological Destruction and the Development Dilemma in the West African Sahel
11980). The authors conclude that famines are the result of colonial policies and
institutional deficiencies rather than the magnitude of a meteorological event such as
drought it.self.
Also in the 1980's. social scientists began looking at "seasonality" rather than
long-term means or annual totals for understanding vulnerability (Sahn 1989). Farmers
in Africa understand how the local climate operates year-to-year and their farming
practices are well adapted to the possibility that either drought, adequate or even over
abundant rain will occur in any given year (McCann 1999). It is inter-annual variability
and changes in sea.sonal expectations that catch farmers off guard. For farmers in
Burkina Fa-so. the timing of the commencement of the rains, their duration and their
distribution are the key variables in agricultural decision-making not the total rainfall
(Roncoli etal. 2000). Furthermore. Reardon and .Matlon point out that rural Burkinabe
hou.seholds are more food insecure at certain periods within a year (1989). During the
1984-1985 drought, poor families suffered most acutely during the rainy sea.son because
this is the time w hen the hou.sehold store of grain is lowest, market prices are highest
and labor demands are highest. While climatologists and meteorologists commonly
state that this part of .Africa has only two seasons - wet and dr\' - the authors state that
their informants talked in terms of four seasons: the harvest, the cold, the hot and the
rainy (Reardon and Matlon 1989:121-122). In Bonam. villagers also associate different
meteorological phenomena with certain phases of the moon (Roncoli et al. 1999; 10).
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Seasonality plays a role in shaping the vulnerability of populations. Furthermore, local
conceptualizations of seasons can differ from those of scientists.
The relationship between people and climate in the American West has been
well investigated by historians and anthropologists are only recently using climate
vulnerability as a theoretical paradigm for research (Finan and West 2000). One of the
crucial historical texts of this region is Donald Worster's Rivers of Empire: Water.
Aridity and the Growth of the American West (1985). Worster contends that the ways in
which aridity was socially constructed and politically appropriated led to institutional
policies such as dam construction, irrigation projects and the Desert Lands Act. In
Arizona: a History (1995) Thomas Sheridan discusses how the political ecology of the
Southwest interacted with climate to shape ranching and farming in Arizona. Work by
the Climate A.s.sessment for the Southwest Project (CLIMAS) at the University of
.Arizona has identified ranchers and farmers as the most vulnerable communities to
climate variability in southea.stem Arizona (Finan and West 2000).
Ongoing research on the part of CLIMAS has determined that the specific
vulnerability of agriculturists in the Sulphur Springs Valley depends on the type of
farming in which operators engage. For instance, excessive rain in the fall hampers the
ability of vegetable farmers to harvest their crop and can lead to large financial losses.
Orchard operations are most affected by spring frosts. Irrigation expenses for com
farmers increase while the com is maturing during the summer Thus, lack of rain at
this time of year increases the cost of production and can determine w hether or not a
farmer makes a profit that year.
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Among farmers in Burkina Faso and their counterparts in the Southwest United
States, interannual precipitation variability is less of a concern than intra-annual
variation - seasonal variation. Research by other social scientists has articulated the
links between vulnerability and seasonality. Thus it seems plausible that perceptions of
climate variability will be shaped by sea.sonality as well.
The central problematique of this thesis states that perceptions of climate
variability based on differences in sea.sonal rainfall can be validated on decadal. 10year. time-scales. This validation is true for the perceptions of agriculturists in both the
Sulphur Springs Valley. .Arizona and the Central Plateau. Burkina Fa.so.

1.2 .Methodology
This thesis takes an interdisciplinary approach to understanding human perceptions of
environmental change. One of the ingredients lacking in debates about climate change
is the voice of the people who are directly affected. Thus, this work brings the
perspectives of African and American farmers to the table because these are segments
of society whose livelihoods inextricably depend on weather and hence, climate. To test
their perspectives, ethnographic data is compared with rainfall data from local stations.
One group of farmers was studied by anthropologi.sts on the Climate Forecasting and
.Agricultural Resources (CFAR) project in the village of Bonam. .\amantenga Province.
Burkina Faso. Descriptions of climate changes from these informants were then gleaned
from CF.AR reports, publications and correspondences with Dr. R. Carla Roncoli at the
University of Georgia. The descriptions were compared with the meteorological record
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of the Boulsa station in the same province approximately 15 km away from Bonam. A
portion of the meteorological record for Boulsa from 1959 to 1985 was obtained via the
Africa Data Dissemination Service (ADDS) of the United States Geological Survey
(USGS). The Direction de la Meteorologie Nationale du Burkina Faso (DMN) provided
the rest of the station record from 1980 tu 1998 via the researchers of CFAR.
Interview data for the Sulphur Springs Valley was gathered during fieldwork by
CLIMAS researchers in the summer, fall and winter of 2000 through 2001 (VasquezLeon and West. eds. n.d.). Statements about climate change or variability were coded
from the interview transcripts and catalogued. Precipitation records were obtained via
the Western Regional Climate Center (WRCC) web site for the Willcox meteorological
station.
Perceptions between both groups were graphed using both descriptive and
statistical databa.se software. The validity of the.se models was tested using the SPSS
stati.stical package. Because sample sizes were always quite small, often non-parametric
tests were used to test the validity of certain hypotheses.
Overall, the meteorological tests conclude that some statements by interviewees
can be validated through analysis of the data. Only those perceptions validated by
empirical analysis are featured in this document. Modeling human perceptions certainly
has its positivist drawbacks. Discussions about the epistemological problems of using
numbers to describe the thoughts, opinions and beliefs of human beings are beyond the
scope of this analysis. The author acknowledges that these models partially describe the
manifold complexity of human understandings of environmental changes but even such
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tenuous models are intended to invite more discussion, research and analysis on the
ways in which people and climate interact. Within this complexity, these models show
that fanner perceptions of climate variability are indeed based on decadal timescales.
Thus, people can and do observe climaie changes rather than just events.
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CHAPTER 2. THE HISTORICAL CONTEXT OF MOSS I AND ANGLOAMERICAN AGRICULTURE: BURKINA FASO AND THE SULPHUR
SPRINGS VALLEY
Anthropology is perhaps unique among the social sciences since cross-cultural
comparisons are held as its unique purview. However, when comparing peoples as
distinct as Anglo-American commercial com producers and subsistence .Mossi grain
and peanut farmers, one has to first identify the factors that allow them to be compared.
First of all. both groups inhabit semi-arid regions of the world where rainfall is highly
variable and droughts occur with great frequency. In fact one SSV fanner stated that the
phrd.se "average rainfall" is meaningless for them and an extension agent offered that
"it's always a drought." This is true for Burkina Faso as well even though the village of
Bonam receives at least twice as much rain as the SSV. Moreover, farmers in the SSV
rely on groundwater for irrigation as opposed to rain upon which practically all fanners
in Burkina Faso depend. However, similar arid conditions impose a singular and
fundamental constraint on its inhabitants - water scarcity. Neither area has surface
water and moisture must come from either the sky or the ground.
Aridity allows us as anthropologists to pursue Julian Steward's cultural core
analytical paradigm where "cross<ultural regularities are thus conceived as recurrent
constellations of basic features .. .which have similar functional interrelationships
resulting from local ecological adaptations and similar levels of sociocultural
integration" (Steward 1972:6). Geertz elaborated the cultural core concept for
contemporary societies and expanded it analytically beyond functional relationships
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that exist between behavior and the environment. In Agricultural Involution: the
Processes of Ecological Change in Indonesia, he writes;
•"One conceives of the techniques of swidden agriculture as an integral part of larger
whole which includes alike the edaphic and climatological characteristics of tropical
forest landscapes, the social organization of a labor force which must be shifted
continually from tleld to field, and the empirical and nonempirical beliefs which
influence the scattered and varied land resources" (1963:10)

Thus, similar ecological and climatological conditions can shape similar patterns of
belief even though two societies may differ drastically in terms of technology.
geography, and social organization. Rain becomes one the most salient of the entire
constellation of climatic phenomena through systems of belief that bestow it with
particular potency or meaning. It is for this reason that the following analyses focus on
precipitation a.s opposed to temperature, wind or other aspects of climate. In terms of
climate variability, interannual differences in seasonal rainfall are the key symbols to
which farmers in both case studies attune and it is here that we look to model their
perceptions of climate changes.

2.1 Climate and Agriculture in the Sulphur Springs Valley
Fanners throughout the Southwest United States adapted to water scarcity by drilling
wells, constructing ditches and becoming what Worster calls a "hydraulic society" that
bought into and perpetuated relationships of dependency to technologies and
institutions that could provide them with water (1985:7). One can see these elements of
a hydraulic society in the SSV although painting a picture of absolute dependency is
problematic. All fanners from the Sulphur Springs Valley irrigate with groundwater
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although they use different technologies to do so. Mossi farmers in the village of
Bonam rely entirely on rain for the sustenance of their crops. The functional link
between rain and production is thus much more direct for Mossi subsistence farmers
than their counterparts in hydraulic societies. This was not always the case, however.
The first farmers in the SSV practiced rain-fed agriculture and understanding the
historical development of farming in both areas is necessary for understanding the
current context.
The Sulphur Springs Valley has a long history of agriculture and settlement but
that history is discontinuous. A single Clovis point found on the eastern edge of the
Willcox Playa suggests that Paleoindian big-game hunters occupied the SSV at the end
of the Pleistocene (Woosley et al. 1987:5). Although no date exists for this anifact.
other Clovis sites in the adjacent San Pedro River Valley have produced radiocarbon
dates between 10.850 and 11.050 (Cordell 1997:81). Indirect evidence indicates that
humans may have been present in the SSV over 11.000 years ago. More definitive
evidence exists for the presence of Archaic hunter-gatherers exists the northern end of
the SSV around the Willcox Playa and in the southern part along Whitewater Draw.
Lithic artifacts and charcoal remains suggest that the area was inhabited by members of
the Sulphur Spring stage of the Cochise culture 8.000 to 10.000 BP and possibly as
early as 10.400 BP ( Waters 1997). The fact that 90-95% of all recovered artifacts from
these Archaic sites are groundstone. as opposed to fiakestone. suggests that Sulphur
Spring stage peoples relied more heavily on plant gathering and processing than
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hunting. Archaic sites are found in a variety of locales including along the piaya
margin, in dunes and near springs and streams (Woosley et al. 1987).
Settled agriculturists were probably present in the SSV by around A.D. 500 and
reached full development between AD 800 and 1450 (Woosley et al. 1987; 149).
Defining whom exactly these ceramic producing and fanning peoples were has been the
subject of much debate among archaeologists but they can probably be classified as
members of the Salado Culture (Reid and Whittlesey 1997). The pre.sence of manos.
hoes, metates and pit hou.ses point out that occupations during this period were of
permanent farmers (Kayser and Fiero 1970. Woosley etui 1987). However, settlements
were restricted to canyon mouths, springs, washes and streams. Fields were probably
limited to these same locations and no literature describes the fanning practices used by
prehistoric SSV farmers. However, these practices were probably diverse and so were
the crops as is characteristic of prehistoric agriculture in the Southwest (Woosley 1980).
Nonetheless, it appears that prehistoric habitation of the Sulphur Springs Valley ceased
around 1450 (Woosley el al. 1987:151). One can only speculate on why this occurred.
It is possible that farmers were displaced by nomadic peoples. Perhaps agricultural
conditions were more favorable in the San Pedro or other valleys. There is some
indication that floods and droughts between 1380 and 1390 displaced Salado farming
communities in the Tonto Basin which may have affected farmers in the Sulphur Spring
Valley as well (Reid and Whittlesey 1997").
The Chiracahua Band of the Apache began dominating the area around 1680.
coterminous with the Spanish Entrada (Bahre 1991). The Chiracahua Apache subsisted
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by hunting, raiding and gathering wild foods (Spicer 1997). Their tierce raiding
prevented Spanish occupation of the Sulphur Springs Valley and the valley was never
settled by either Spanish or Mexican farmers or ranchers until well after the United
States took pos.session in 1854 with the Gadsen Purchase (Bahre 1991). Chiricahua
Apache depredations continued under the leadership of such well-known war chiefs as
Mangas Coloradas. Cochise. Juh. and Geronimo. In 1872. most members of the band
were removed to their own reservation on the Mexican border from whence they were
consequently shuttled to other reservations in Arizona and New .VIexico (Spicer
1997:251). Hostilities with the U.S. Army contmued to flare up and Geronimo fled
these reser\ations several times. In 1884. he and his band surrendered for the la.st time
to General .Nelson A. Miles In the Sierra Madre Mountains of Sonora. Mexico.
In terms of agriculture, the Sulphur Springs Valley had never been Intensively
farmed by prehistoric peoples on the scale of the Hohokam Irrigation canals In the Salt.
Gila. Santa Cruz and San Pedro River Valleys. Paleoindlans and Archaic peoples relied
on hunting and the gathering of wild plants while roaming throughout the area. The
Salado were the tlrst to practice settled agriculture but this was probably opportunistic
and heavily complemented by hunting and foraging. Chiricahua Apaches apparently
practiced no form of farming in the SSV itself but Geronimo and his followers were
some of the most enthusiastic adopters of this livelihood while on the San Carlos and
Fort Apache Reservations (Spicer 1997:255). The lack of surtace water and overall
aridity were the principal factors that retarded agricultural development in the Sulphur
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Springs Valley. Only access to groundwater could open the area to intensive crop
production.
Soon after the Chiracahua Apache were removed to reservations, for the first
time in 1872. Anglo-Americans began settling in the Sulphur Springs Valley. These
early pioneers primarily established ranches. By 1892. some miners left that occupation
and began fanning. Record rains from 1905 through 1907 led local leaders to advertise
the agricultural potential of the Valley to Americans back East. These advertisements
and the belief that "rain followed the plow" precipitated an influx of farmers to the SSV
although their numbers are not known (Clark and Dunn 1997:11). Congress passed the
Desert Lands Act in 1909 that allowed pioneers in the arid West to obtain 640-acre
homesteads. Following this, a thousand families from Texas. Oklahoma and Kansas
took up farms south of Willcox (Bailey 1994:181).
Rainfall soon returned to its measly average of around 13 inches. This amount is
inadequate for successful rain-fed agriculture. Local families either left, turned to
ranching or developed ditches and catchments for raising beans. Ranching took over
and prospered in the Sulphur Springs Valley particulariy due to the proximity of the
Southern Pacific Railroad which had a station in Willcox and was completed in 1880.
Droughts continued to be an obstacle for ranchers but numerous family and corporate
operations managed to adapt. In fact. Willcox became the "Cattle Capitol of the United
States" in 1935 (Schultz 1980). Local residents knew that the SSV held great
agricultural potential but that access to underground water was the main obstacle.
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In 1940 this obstacle was overcome. Lobbying of the state legislature and
federal government resulted in the establishment of the Sulphur Springs Valley
Electrical Cooperative. Ine.xpensive electrical power and an increased wartime demand
for cotton led to the rapid expansion of irrigated acreage in the SSV. By the 1950's.
cotton companies began enticing farmers from other parts of the Midwest to relocate to
the SSV. They offered new farmers technical assistance, financing and access to cotton
gins that attracted a large influx of farmers from Texas. Oklahoma and Kansas to
Willcox and Elfrida. The large number of new farmers from Kansas caused the area
south of Willcox to be called "Kansas Settlement" and this name persists today.
Groundwater withdrawal began to exceed recharge as early as 1960 but good
commodity prices, government subsidies, and cheap energy prices allowed irrigation to
prosper and expand. A harsh drought in the 1950*s wiped out many ranchers and
induced some ranching families to switch to farming. Agricultural commodities such as
com. cotton and sorghum remained profitable up through the early-1970"s. As one
long-time cotton farmer in Kansas Settlement stated. "If you couldn't make money then
something was wrong with you." This all changed in the latter-half of the 1970's.
Droughts between 1974-1978 negatively affected the water table and farmers remember
"chasing water" with their wells. This meant that they had to frequently move or deepen
their wells. Furthermore. President Jimmy Carter announced a grain embargo on the
USSR due to their invasion of Afghanistan, and commodity prices plummeted.
Simultaneously, the energy crisis of 1972-1973 drastically increased the cost of
pumping. One farmer recounted that the cost of pumping increased from S300 per
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month to S3000 per month over the span of six months. A series of wet fails also ruined
the harvests of local farmers after they had already borrowed and invested their
financial resources.
These climatological. economic, and hydrological circumstances led to a
massive exodus of farmers from the SSV. According to one long-term cotton farmer,
the area around Elfrida lost approximately 80% of its agricultural families. Irrigated
acreage in Cochise County declined 60% from 170.000 acres to 60.000 acres between
1976 and 1982 (Clark and Dunn 1997:8). In this same time period, some farmers and
ranchers with irrigated pasture started experimenting with center-pivot irrigation
devices. This technology caught on and helped resuscitate agriculture in the SSV. By
1990. abandoned farmland began going back into production. Also in the 1970's.
agriculture began to diversify into fruit and nut orchards. By the late 1980"s. local
residents commenced growing produce for a farmer's market in Willcox. These same
innovators later altered their strategy and invited urban tourists to their farms to pick
their own vegetables or fruit. Thus. U-pick farming became a viable alternative to row
crops and Willcox has become famous in Tucson and Sierra Vista for this form of
agricultural tourism. Starting in 1992. Dutch companies invested millions of dollars into
tomato greenhouses near Bonita. north of Willcox. They selected the location due to
temperature, amount of sunlight, and also the high quality of water in the Bonita
aquifer. Thus, climate played an important role in their decision-making. One of the two
Dutch owned and operated tomato greenhouses has 120 acres under glass, and the
produce is sold around the country.
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One could argue that agriculture in the Sulphur Springs Valley today is on the
upswing. Technology, innovation and diversification have made farming viable and
profitable again. Most farmers, however, would tell you that profit is not their motive.
They variously state that farming is a "way of life" or one com farmer stated that it is a
"disease." Markets, climate, weather, hydrology, fuel costs and other variables
determine whether a harvest results in profit or extended debt. One of the largest com
and chili farmers sagely noted: "Farming's like a drug. You're not in it for a year.
You're in it for life." The Sulphur Springs Valley is also an ideal locale for
investigating the interaction between society and climate. Some ranching and farming
families can trace their presence in the SSV back over 100 years, [n terms of perceiving
trends in climate variability, the long-term residence of many individuals creates a
wealth of insights based on detailed obser\'ations of precipitation. Ranching and
farming are livelihoods directly tied to weather and climate although groundwater
irrigation buffers these livelihoods from most extreme events. The great diversity of
agricultural activities that are affected in different ways by climatic events means that
one is more likely to capture a wide range of observations of different phenomena over
time intervals that span more than one generation.

2.2 Climate and Agriculture in Burkina Faso
It is difficult to trace the development of agriculture on the Central Plateau from the
prehistoric past to the present. This is because archaeological investigations of the area
have not been done and such reports are scarce. Elliot Skinner wryly notes: "for every
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ton of archeological materials sifted in Egypt and part of the Middle East, only one
teaspoonful has been examined in the western Sudan" (1989; 1). Nonetheless, it is
possible to sketch a history of farming in the area by extrapolation of evidence from
Sudano-Sahelian West Africa. From this, we can place the current farming practices of
Mossi farmers in Bonam within a larger context of an agricultural historical trajectory.
The .Mossi are a Voltaic group that dominate Burkina Faso in terms of
population and politics. They are a Voltaic group (Murdock 1959) whose language.
More, belongs to the Niger-Congo family and Gur sub-family (Greenberg 1966). The
•Mossi are historically important because they have long been the primary migratory
labor-force for Ghana and Cote d'lvoire and are considered to be the "pre-eminent case
of labor migration in West Africa" (Finnegan 1976:2-3). The .Mossi are also well
known among Sudano-Sahelian societies for effectively resisting Islamic conquerors
and their religion. Most importantly, historians have long argued that the .Mossi
represented either states (Murdock 1959) or kingdoms (Izard 1985. Skinner 1989)
before their colonization by the French in 1896. Most likely the exact type of state-level
.Mossi political organization changed overtime and could never fit neatly into Western
categories. Nonetheless, the complexity of these organizations stood in sharp contrast to
many of the other acephalous surrounding groups with whom European and Islamic
explorers came in contact before colonization.
The number of such entities is also debated and Butler points out there were
between two and 14 such Mossi kingdoms depending on whom one reads (1974:73).
Most authors agree that the two main Mossi kingdoms were those of Ougadougou and
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Yatenga and all others were peripheral in terms of regional hegemony. Skinner
acknowledges the existence of two Mossi kingdoms. Ouagadougou and Yatenga. and
also tlve dimdamha (singular J/>«) which are roughly equivalent to principalities
controlled by Mossi princes. These .Mossi Kingdoms have always been viewed as less
important than the .Mali. Songhai and Ashanti Empires with which they contended. The
Mossi kingdoms can be best characterized as a buffer zone between these Sahelian and
forest states. Mossi merchants profited from this intermediary status and geographical
position to trade goods between these more powerful groups.
Bonam lies within the Sahel which is the geographical area of northern .-Xfrica
composed of arid steppe and dry savannah which receives between 150 and 900 mm of
annual rain on average (McMillan 1995:2). Other definitions of the Sahel exist and use
different ranges of rainfall (see Rasmusson 1987:13). Thus, it is perhaps most accurate
to simply state that the Sahel is a transitional zone between the Saharan Desert and the
tropical woodlands along the .African coast. Nonetheless, these bands of annual
precipitation, isohyets. fluctuate over time. Roberts points out that sand dunes
associated with the Sahara and Sahel once extended 450 miles south of their current
positions (1996:29). Despite its relative aridity, the Sahel is one of the areas in which
agriculture developed indep)endently as early as 5000 BC (Diamond 1998:100). It is
possible that rain-fed agriculture began in the area around Bonam at around this time
but little, if any. archaeological evidence substantiates this possibility. .Authors such as
Jared Diamond contend that large-scale agriculture did not become possible until the
advent of iron-working technologies. With iron tools, land could be cleared, plowed and

28

harvested with greater efficiency. Ester Boserup's theory would add that as population
increased, human innovation meshed with technological advancement to intensify food
production (Boserup 1965). Thus, by analogy, iron tools, increasing population density
and a pre-existing knowledge of plant cultivation—particularly sorghum—permitted
local prehistoric people to practice agriculture in the area
Our knowledge of prehistoric settlement in Bonam is too scant to make any
definitive claims. Furthermore, interview data from the CFAR project was conducted
mostly among the .VIossi people who are the predominant ethnic group of this part of
Burkina Paso. The rest of this chapter is concerned with the hi.story of .Vtossi settlement,
migration and agriculture.
The Mossi expanded northeastward from what is now northern Ghana and
consolidated their control of the Central Plateau by the end of the fifteenth century
(Izard 1985). Whether the .Mossi expansion into modem-day Burkina Faso could be
conceptualized as conquest or agricultural migration has been called into question
(Mc.Millan 19951, .•\nthropologists have argued that the search for new. uncleared farm
land is a recurrent theme in .Mossi history and that their social structure is uniquely
adapted so as to absorb new lands and new people (Hammond 1966).
Michel Izard (1966) distinguishes between two parallel institutions. The first is a
political institution based on patrilineal descent from the original Mossi
conquerors/settlers: the nakomse. Izard's "gens du pouvoir." The second is a religious
and agricultural institution whose descent is traced through the original autochthones:
the tengdemba. Izard's "gens de la terre." A hierarchy of political leaders emanates
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from the nakomse (also called «a/iflm.v£'--nobility). Village-level chiefs are called
naaba. Canton-level chiefs are called kombere-naaba. At the apex of this hierarchy are
the local "kings" of each Mossi kingdom, the moro-naaba (also called mo^ho-naaba).
Among the tengbemba (called nyon.son.se in Bonam) is the earth-priest, the ren^soba
(plural ienqbii.se). These ritual leaders make decisions regarding when to plant and
placate the local earth-spirits, village fetishes. These structures allowed for the
incorporation of indigenous inhabitants into the Mossi kingdoms and granted them a
particular status as keepers of the earth. These institutions, or patrilineal clans, persist to
the present-day (Roncoli etal. 1999).
The naaba of Bonam falls within the pre-colonial Mossi dim of BouLsa which
effectively became the province of Namantenga after Burkina Fa.so's (then called
Haute-Volta) independence in 1960. The tengsoba for Bonam resides in the nearby
village of Boulla. The dim of Boulsa was founded in the early 16''' century by .N'amende.
a son of Oubri who w as one of the sons of Ouedraogo—the founder of .Mossi society in
oral histories (Butler 1975:84. Skinner 1989). It appears that the Boulsa dim has been
continually occupied by Mossi farmers for at least 500 years. Roncoli et al. point (1999)
out that the Boulsa tengsoba still plays a strong role in agricultural decision-making.
Similarly, the Boulsa naaba continues to exercise his political role of legitimizing the
office of naaba for other areas in the Boulsa region through his role as dim. In 1957 the
naaba of Koupela traveled to Boulsa to received formal investiture from Boulsa naaba
(Butler 1975:91).
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Among the Mossi. agricultural land tenure is controlled by patrilineal lineages
(McMillan 1995). Breu.sers (1999) point.s out how ten^biise and nakomse also are used
to grant legitimacy to land claims. These social structures not only create institutions by
which new people and lands are incorporated into .Mossi society but also prov ide
institutions by which land tenure is administered. Just as the history of these in.stitutions
is relevant to understanding the .Mossi of today, so is the history of Mossi agriculture.
Cultivation of sorghum and African rice commenced as early as 5000 BC in the
West African Sahel (Diamond 1998:100). Murdock contends that Sahelian agriculture
started in the upper Niger River north of Burkina Faso (1959:44). How this know ledge
spread throughout Africa is the subject of much debate. Cavalli-Sforza makes a case for
the "demic diffusion" of agriculture from the .Middle East using genetic and linguistic
evidence (Cavalli-Sforza 2000). In this model, farming spreads through the migration of
fanning peoples not through the transmission of such knowledge and technology by
cultural exchange. .Murdock credits the Mande-speaking people in the headwaters of the
Niger River with the invention of agriculture and that the Voltaic peoples "borrowed
the fundamental elements of Sudanic agricultural civilization from their western
neighbors at a ver\' early date" (1959:781. His use of the w ord "borrowed" suggests
cultural diffusion but Greenberg showed in 1966 that the .Mande and Voltaic languages
are sub-families of the Niger-Congo family. Thus, it is possible that the capacity to
cultivate crops preceded the split into linguistic sub-families.
Pre-colonial agriculture was dominated by the production of cereals such as
sorghum {Sorghum viilgare) and millet {Pennisetiim spicatum or P. ryphoideiim).
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Production was geared toward domestic consumption and labor was pooled from within
households or along kinship lines. Fields were left fallow for relatively long periods of
time becau.se adequate amounts of bush were available for the clearing of new plots
(Broekhuyse 1988). Following the Columbian E.xchange and contact with Portuguese
traders in the early 1500's. maize (Zea mais) became possible. Southern areas of the
Central Plateau receive adequate rainfall for maize cultivation. The introduction of this
cultigen was significant because its short maturation time permitted maize to be
harvested before millet or sorghum. Maize filled a need for crops thai could be
consumed before grain ran out and other crops were ready even though it is also more
vulnerable to drought and high temperatures (Hammond 1966:32).
Several historians and anthropologists have noted the recurrent theme of
migration for agricultural expansion in Mossi oral narratives (notably Skinner 1989).
Perhaps the fact that the Mossi people are the quintessential migrants in West .Africa
has its roots in their mythology. .More likely. .Mossi migration is due to the high
population density of the Central Plateau which was a concern for French
admini.strators (.Mc.Millan 1995:10). However. Finnegan contends that Mossi patterns of
migration preceded French colonization (1976) based on his ca.se study of Tengkodogo.
In their publication Hoe and Wa^e: A Social History of a Circular Migration System in
West Africa (1996). Cordell et al. substantiate Finnegan's claim by looking at precolonial social and economic conditions among the Mossi more generally. The authors
particularly demonstrate that patrilineal and gereocratic controls over access to wives
led many younger males to leave natal villages in search of marriageable women.

32

Nonetheless. French colonialism drastically intensified Mossi labor movement.
French administrators required local nakonise to provide laborers for infrastructural
projects such as roads, airstrips and railroads. They also used the colony of Haute-Volta
as a reservoir of labor for plantations in Cote d'lvoire and source of military
recruitment. In addition, they demanded head taxes to be paid in cash and required
farmers to grow cotton. Cotton production was seen as essential because it is a cash
crop and the Gossypium herhaceum and G. anomaliim varieties are indigenous to West
Africa (Murdock 1959:21). The French colonial policy was to make the administration
of each colony financially self-sufficient. In 1919. what is today Burkina Faso became
the independent French colony of Haute Volta and cotton became the commodity for
realizing its self-sufficiency (Cordell et al. 1996). Skinner indicates that its value was
not appreciated by local farmers although nakomse greatly e.xpanded its production so
as to increase their profit and to pay colonial taxes (Skinner 1989:164). In order to pay
taxes, avoid military conscription, evade forced labor or escape cash crop production at
least 100.000 Mossi resettled in Ghana (Cordell etai 1996:82).
Although cotton was. and still is. a highly controversial crop, the impact of its
cultivation was overshadowed by the forced migration of Mossi to Ivorian coffee, oil
palm, and cocoa plantations. This relocation was achieved by contracting laborers from
Burkina Faso to work in the south. The working conditions on these plantations were
deplorable and Mossi fled to unpopulated aires-refuges in Haute Volta or to the Gold
Coast (now Ghana) (Breusers 1999; Gervais 2000). However, contract labor was
outlawed after 1945 and the Ouagadougou moro naaba Kobre was instrumental in its

repeal (Gervais 2000). The institution of the Syndicat Interprofessionnel pour
TAcheminement de la Main d'Oeuvre (SIAMO) in 1951 vastly improved migrant
laborers conditions on plantations. SIAMO contracted laborers through its offices in
Burkina Faso. paid for part of their travel and boosted wages from 2 francs per day to
25 or 40 (Cordell et al. 1996:74). By 1960. Cote d'lvoire underwent a coffee and cocoa
boom which caused migration to shift away from Ghana. Even though large populations
of Mossi still reside in the former British colony, most Mossi migrants now immigrate
to Cote d'lvoire and return to their home villages after several years.
The history of Mossi agriculture is characterized by migration and new crop
adoption. The vulnerability of these practices to climate vulnerability was always high
and this vulnerability was thrown into sharp relief in the Sahelian drought between
1968-1972. Thousands of people died and many more were displaced. .Much of this
suffering appeared in the newspapers and television screens of residents of the United
States and Europe which prompted an international response. Emergency food aid.
technical assistance and institutional linkages were formed. "Drought-proofing the
Sahel" became goal of many national and international organizations. Unfortunately,
many of these directives were poorly conceived, badly executed and actually
detrimental to Sahelians (Hancock 1989).
However. Delia E. .McMillan demonstrates that one such response to the
droughts, the Autorite des Amenagements des Vallees des Volta (AW) was successful
and benefited Mossi settlers. Her study is encapsulated in her book Sahel Visions:
Planned Settlement and River Blindness Control in Burkina Faso (1995) and appeared
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as a chapter in other works (McMillan 1987). The .AW was the tlrst large-scale
resettlement project to be proposed and managed by a West African government rather
than being imposed by an international organization. The valleys through which the
Black. White and Red Volta rivers flow remain sparsely populated due to the incidence
of Onchocerciasis—"river blindness." Following the droughts, river blindness
eradication became a priority for West African nations and donor agencies because it
could increase food security by allowing farmers to resettle in river valleys and increa.se
food production. The AVV was part of the larger international Onchocerciasis Control
Program (OCP) and it "offered the unprecedented opportunity to resettle one-tenth of
the country's population on more productive land and at the same time triple cotton
production" (McMillan 1995:1).
Villages on the densely populated Central Plateau were targeted for voluntary
resettlement. Settlers received land, food aid and technical assistance. In return, the
household head agreed to abandon their land in the home territory, follow the
techniques advised by the AVV extension agent and dedicate part of their production to
cotton. .Mc.Millan states that the Mossi dual institutions of nakomse and ten^hiise
facilitated their assimilation into the new villages of the AVV and assisted the
incorporation of other ethnic groups into these same villages (1995:40). McMillan
specifically tracked the progress of settlement between the home village of Damesma.
near Kaya and the AVV village of "V3." Bonam lies in the neighboring prefecture to
Damesma and is situated within the same densely populated region of the Central
Plateau. Thus, it is likely that Mossi villagers in Bonam had similar opportunities to
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relocate to new villages in the AW although this is not discussed in any literature
concerning Bonam.
This historical discussion of Mossi society has highlighted the roles of kinship,
migration and new crop adoption in agricultural production strategies. Mossi farming
around Bonam remains rain-fed and relies mostly on indigenous crops such as sorghum
and millet. However, introduced cultigens are important because they provide a famine
safety crop, in the case of maize, or cash crops in the cases of peanuts. French colonial
policy developed the agricultural potential of the Cote dTvoire at the expense of
Burkina Faso which was regarded as a labor reservoir. Thus, irrigated fields remain rare
and overall rain-fed production is low. Colonialism also intensified Mossi migration
which the Burkinabe government is attempting to rationalize and use to benefit the
country through the AW. However. .Mossi agriculture around Bonam remains highly
vulnerable to droughts and excessive rain as evinced in the fieldwork of the CFAR
project (Roncoli etui. 2000).
This overview of farming around Bonam and in the Sulphur Springs Valley
shows the historical development of agriculture in both areas. It explains why .Mossi
farmers practice mostly rainfed subsistence production of indigenous cereals w ith some
investment in cash crops. On the other hand, farmers in the SSV rely entirely on
groundwater irrigation and the production of diverse commercial grains, vegetables.
nuts and fruits. Mossi farming remains highly vulnerable to climate variability whereas
climate has a lesser effect on agriculture in the SSV than energy prices and commodity
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markets. Nonetheless, climate does play a role in the decision-making of both Mossi
and Anglo-American farmers in these arid regions.
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CHAPTER 3. CLIMATE AND AGRICULTURE TODAY
Climate is a fundamental constraint on agriculture in both the Sulphur Springs Valley
and Bonam. It determines what crops can be grown, how. and where. Rainfall is
insufficient for rain fed agriculture in the SSV which necessitates irrigation. No surface
water is available and farmers thus depend on ground water irrigation. In Burkina Fa.so.
rainfall can support rain fed agriculture throughout the country and there is only limited
irrigation - primarily in the Volta Valleys and around Bobou-Dialou.so. The fact that
temperatures can drop below freezing in the winter in the SSV means that most field
crops can be raised only in the late-spring, summer and fall when there are enough heat
units for germination and growth. Low temperatures also offer opportunities for pecan,
pistachio, peach and apple growers whose tree-crops require a certain number of
chilling days each sea.son. In Burkina, temperature does not directly hinder crop
production. Instead, it is limited by the timing, duration and amount of seasonal rainfall.
In non-irrigated areas, crops can only be raised during the rainy season which lasts, on
average, from April through October. The following sections describe the climate and
agroclimatology for each case study.

3.1 Climate and Agriculture of the Sulphur Springs Valley Today
Precipitation in the Sulphur Springs Valley is bimodal and falls primarily from
December to February and from July through September (Fig.3.1). Because of its
latitude and elevation, winter temperatures can drop below freezing and snow is not
uncommon. The annual 30-year mean precipitation for the SSV is 320 mm (12.63 in.)

and average minimum and maximum temperatures range from -3.8 "C (25"F) to 34.4.
"C (94''F) (WRCC 2001). Elevation makes the area cooler in the summer than the
surrounding de.sen region of southeastern Arizona.
FIGURE 3.1. Mean Distribution of Precipitation for Boulsa and Willcox; 1961 -1990
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Latitude and elevation are the primary controls on the regional climate. .At 32"
N. the SSV lies in the Sub Tropical High (STH) belt. High pressure prevails over the
region from March through October. As the STH shifts southward and decreases in
intensity in the fall and winter, frontal storms generate widespread gentle rains and
snow. However, latitude and proximity to the Gulf of California permit tropical storms
in the fall to enter the valley. These storms often last several days and lead to
widespread flooding. Tropical storms are the bane of vegetable and row-crop producers
because they occur at harvesi-time and can seriously impinge harvests.
Summer precipitation is the result of the North American Monsoon (NAM). The
•Azores (Bermuda) STH cause a shift in the prevailing winds and increasing summer
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surface temperatures induce a thermal low in the Four Comers region. These two
mechanisms entrain moist, warm air from the Gulf of California and the Gulf of Mexico
(Wright et al. 2001:787). High temperatures during the day cause these parcels of air to
rise and large convection storms to appear. Thus, the NAM produces summer
thunderstorms that are highly localized, intense and short in duration. Fall precipitation
occurs in heavy, widespread, and relatively long (2-3 day) tropical storms. Winter
precipitation is associated with the arrival of mesoscale cold fronts of drizzling rain that
last for several hours to a few days. All of these patterns are influenced by topography
in that higher elevations receive more rain and leeward sides of mountain ranges
receive less.
The consequences of these general conditions for agriculture are profound. The
bimodal distribution of rain leads to ample spring and summer grass for livestock. The
lower w inter temperatures decrease evapotranspiration that allows the rain and snow to
panially recharge the local aquifers. These same low temperatures in January.
December, and February provide freezing conditions for fruit and nut trees to bloom.
The milder summer temperatures induce alfalfa hay to grow more slowly and to
concentrate greater amounts of protein which makes the Sulphur Springs Valley a
producer of very high quality hay. Com. chili and other vegetable crops grow well
under these mild conditions with less heat stress than the same varieties in other pans of
.\rizona. Cooler temperatures in the spring and summer also permit the agricultural
calendar to be extended into the fall. Thus, some crops such as onions, chili, squash and
lettuce enter the market at precisely the time when these same products are scarce in

other parts of the world, region or country and command better prices. .Above all.
temperature and precipitation have allowed an incredibly diverse agricultural mosaic to
emerge where row crops, alfalfa, vegetables and orchards take advantage of slightly
different climatic niches.
However, climate also imperils agricultural production. Late frosts in April and
May can kill off buds and prevent fruit and nut trees from producing. Tropical storms
can ruin harvests. Summer and winter drought increase the costs of pumping. However,
a pervasive opinion among SSV farmers is that "drought is good." It permits farmers to
water when they want, where they want and reduces the amount of weeds. Ranchers do
not echo this belief because droughts decrea.se forage on rangelands. Decreased rainfall
compels them to purchase supplementary feed, cull their herds, and sell animals when
the market price is low. Both farmers and ranchers invested in technologies and social
capital that mitigate the effects of climate variability. Objectively, one could state that
agriculturists - farmers more so than ranchers - have effectively buffered their
livelihoods against the vagaries of climate extremes. But one long-term resident whose
family has engaged in ranching, farming, peach-raising and commercial vegetable
gardening sagaciously stated. "Mother Nature always gets the last word."
Seasonality plays a leading role in agricultural production. Most annual crops
are planted in the late spring, grow and mature in the summer and are harvested in the
fall. Because of groundwater irrigation, com. pecans or chili could essentially be grown
any time of year. In fact, the handful of expensive and technologically sophisticated
greenhouses demonstrates that year-round production is possible in the SSV. Seeds
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cannot germinate without the proper soil temperature and plants cannot mature without
the requisite numijer of heat units. Almost all com fanners commence seeding their
fields at the same time and on the same date, April 15. The fact that spring storms are
very rare means that the ground is always dry and warm enough by mid-April for
planting.
Winter temperatures and moisture are imponant as well. Orchards require
freezing temperatures and mountain snow recharges the aquifers. These functional
relationships between agricultural production and seasons cause ranchers and farmers to
fixate on sea.sonal differences between years. Interannual temperature variation within
the same season is slight and it is difficult for humans to perceive (see Sarewitz and
Pielke 2000). However, interannual variation in seasonal precipitation is noted.
recorded and talked about by numerous informants.

3.2 Climate and Agriculture in Burkina Faso Today
Two climate zones traverse Burkina Faso from South to North. The southwestern
region of the country is classified as Tropical Wet-Dry and the rest is Semi-Arid ba.sed
on Trewartha classifications (Trewanha 1981). In terms of agro-climatological zones.
Burkina has three that stretch meridionally across the country. The first is the SudanoGuinean zone in the southwest where maize, cotton and pulses are easily produced. The
second is the Sudano-Sahelian zone where some varieties of maize, millet, sorghum and
pulses are particularly adapted to agriculture. The last is the Sahel zone of northeast
Burkina Faso where only sorghum and millet can be produced. Other crops are certainly
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grown within and across each agro-climatological zone but they are characterized by
maize, sorghum and millet production. Bonam is located in the Sudano-Sahel about 100
kilometers east of Ougadougou.
Unlike the SSV. rainfall is delivered in a single season lasting from roughly
April through October. In terms of Western meteorological classification. Burkina Faso
has essentially two seasons - the wet and dry. This is due to the effect of latitude and
the country lies only 10" north of the Equator. Daily temperatures fluctuate only slightly
during the rainy season. However, the hot and dry sea.son commences near the end of
October and la.sts through March (Hammond 1966:27) The Harmattan wind blows off
the Sahara Desert during the months of February and .March which cau.ses milder
temperatures during the day and cool temperatures in the morning.
The primary control on precipitation is the passage of the Inter-Tropical
Convergence Zone (ITCZ) over West Africa. The ITCZ shifts meridionally with the
position of the sun. In the N'onhem Hemisphere summer, the ITCZ moves northward
and retreats to the south during the Northern Hemisphere fall and winter. The ITCZ
causes divergence aloft and convergence at the surface. The convergence of tropical,
humid, maritime, warm airmasses from the south with hot. dry continental air masses to
the north causes vertical lifting, mixing and cooling. This cooling mechanism results in
a widespread organization of low pressure cells across Africa along the ITCZ which in
turn leads to localized convection storms. As the ITCZ moves north and retreats south
across Burkina Faso. it delivers rain. This northward advance and southward retreat of
the ITCZ over Burkina Faso causes a latitudinal gradient in rainy season rainfall
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amounts and duration. Northern (Sahel) areas receive less rain and have a shorter "rainy
season" than areas in the south.
The factors most relevant to Mossi farmers on the Central Plateau are the
commencement of the rainy season, the distribution of rain during the season and its
termination date (Roncoli et al. 2000:26). Planting cannot take place until it has rained
at least a few times over several days. The lateritic soils in Bonam have a hard crust that
must be softened before either hand tools or cattle-drawn plows can create furrows.
There must also be adequate moisture in the subsurface to permit seed germination.
Typically such conditions exist by late-May although adequate rainfall may arrive as
early as .April. Rain may also arrive later and it is not uncommon for Bonam farmers to
wait as late a.s mid-June to plant. Early rains are regarded as indicative of a longer rainy
season with sufficient amounts for all crops. Farmers regard a late onset of the rainy
sea.son xs inauspicious and indicative of a short rainy season with insufficient quantities
and an inadequate distribution of rain (Roncoli et id. 1999:16- i 7).
The timing of the onset of the rainy season determines which cereals are planted
first. Among field crops, maize iZea mais) is the most vulnerable to rainfall deficits and
has the shortest growing season. Jean-Marie Kohler presents a model of the Mossi
agricultural calendar for the Dakola region which approximates the climate of Bonam
(1971:94). Ba.sed on this model, fields are prepared in March and April. Sorghum is the
first crop planted in low-lands and this takes place in May. By June. Mossi farmers
begin sowing millet and sorghum in separate parcels. In July through early August, they
sow peanuts, cowpeas and other secondary crops. Maize is sowed in July. Several
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varieties of maize, millet and sorghum exist and each varies in terms of the number of
days it takes to mature. Roncoli et cil. point out that farmers in Bonam have begun to
plant sorghum before millet to mitigate the danger of a premature termination of the
rainy season (1999:26).
.As Table 3.1 indicates, each variety of millet, sorghum or maize is selected for
planting based on its maturation rate, vulnerability, soil requirements and palatability.
Sorghum is the overwhelmingly preferred staple grain. It is u.sed in the preparation of
loh. a thick porridge that is the staple of the Mo.ssi diet (Roncoli et al. 1999:27).
Sorghum is also the leader in terms of area, number of fields and labor use. The key
variable in the selection of grains and varieties is the timing of the on.set of the rainy
season. If rains arrive later than expected, a reduced quantity of maize is sown and by
August it becomes too late to plant or re-plant any crop. A general belief that the timing
of rain is becoming more unpredictable has led farmers to plant sorghum and millet at
the same time because it appears that the rainy season ends eadier than it used to
(Roncoli et al. 1999:47). There is a direct link between expectations concerning rainfall
and agricultural decision-making (Mazzucato and Niemeijer 2000).
The distribution of rainfall is a!so critical to agricultural success. Crops require
precipitation during the growing season in order to grow, pollinate, and mature. In
general, millet is more resistant to moisture deficits than sorghum and sorghum is more
resistant to the same deficits than maize. .At the same time, too much rain can lead to
flooding w hich inundates fields and essentially drowns crops. Farmers in Bonam have
the option of replanting certain varieties if the initial plantings fail. However, if rains
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are Inadequate in July and August after seed and labor have been invested and
reinvested, then the results are catastrophic. If adequate amounts of rain are delivered in
July and August and the crops have successfully matured, then a period of drought
3LE 3.1. Cereal Grains and' Tieir Characteristics
Name

Duration

Requirements

Appearance

White millet

90 days

Needs good rainfall,
withstands heavy rain, can be
planted earlier
Needs well drained soils,
withstands water deficit
Needs regular rain

White grains

piel^a)
Black millet (Afd

70 days

sahlt;a)
"Diviner's
Ca.stanet.s" millet
(Bii

Gray grains, long
cobs
Short cobs

^kima)

"Eyes o t
Chameleon" millet

.Multicolor

(Gomti-nini I
White sorghum

50 days

(pisnu»
70-90
days

Short cycle
sorghum

(kxizemii^a,
piswopoi. pielofto

Less palatable than other
grains, vulnerable to pests
and weeds
Prefers clay soils, requires
greater amounts of rain than
millet

White

Red or white

fihmiuit^ii.kurbuHi.
xadeiia I
Long cycle
sorghum [Lizinga.

120-150
days

gamhre. haling).
Sorghum ihelko)

120-150

Maize

Adapted from Roncoli

Gray or white

Demands regular rainfall but
more tolerant of drought than
short term varieties

White grains,
black husk

60-70
days

etal.

Shortest cycle but poorly
adapted to water stress,
requires higher soil fertility,
staves off hunger before
sorahum harvest
1999:25. 28

is not necessarily a danger since most varieties of millet and some varieties of sorghum
can mature with very little moisture. Residual moisture in the soil is usually sufficient
to carry millet and sorghum, but not maize, to harvest after August.
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Mossi use numerous autonomous strategies to cope with rainfall
unpredictability. They plant a diversity of crops along with a diversity of varieties.
Millet and sorghum are the most important of these and maize is raised primarily as a
buffer to the famine that ensues once stored crops are spent and the sorghum has yet to
be harv ested. Farmers also stagger plantings to counter brief periods of dryness and u.se
both upland and lowland fields to offset insufficient or over-abundant rain (Broekhuyse
and .\llen 1988). Last, migration remittances from relatives in Ghana and Cote d"Ivoire
assist hou.seholds with cash for the purchase of grain during droughts and poor harvests
(Roncoli et al. In press).
For the most part, farming systems in the Sulphur Springs Valley and Burkina
Faso are well adapted to interannual variation in rainfall. Extreme deficits in wet-season
rain can endanger Mossi crops. Variability in the distribution of rainfall during the rainy
sea.son is a much greater concern. Long periods of dryness after seed has been planted
and plants have begun to mature cause catastrophe. Excessive SSV precipitation in
September through November endangers the har\'est of com. chili and vegetable
farmers wherexs frosts in .March through .May imperil orchard producers. Thus, farmers
in Burkina Faso and the Sulphur Springs Valley are more vulnerable to intra-seasonal
rainfall variability than inter-annual variability. As we shall see. seasonality plays a role
in farmer perceptions of climate variability as well.
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CHAPTER 4. DATA AND ANALYSIS
The primarv' focus of this thesis is to model perceptions of climate variability and
demonstrate that these perceptions are indeed based on climate trends rather than
events. By definition, events encompass short-term meteorological phenomena on the
order of days, weeks, months and perhaps one year. Climate, on the other hand,
encompasses long-term meteorological trends on the order of two or more years.
Climate is defined as: "the accumulation of daily and seasonal weather events over a
long period of time. .A description of aggregate weather conditions; the sum of all
statistical weather information that helps describe a place or region" (WRCC 2001).
Climate and events distinguish themselves in terms of temporal scale.
I based these tests on ethnographic testimony from ranchers, farmers and
cooperative extension personnel in the Sulphur Springs Valley gathered through
interviews. I conducted no such interviews among farmers or extension agents in
Burkina Faso but instead relied on statements from publications produced by Dr. Carla
Roncoli and her colleagues with the Climate Forecasting and .Agricultural Resources
(CF.AR) Project. General statements from either interviews or publications were tested
with meteorological data from individual stations. Station data was .selected ba.sed on
proximity to the areas in which participants were inter\'iewed. Another criteria for
selection were the length and completeness of record. Stations with the longest and
most complete instrumental precipitation records became the empirical basis for testing
perceptions.

The meteorological station from Willcox. Arizona, lies at the northern end of the
Sulphur Springs Valley and its precipitation records extend back to 1900. The dataset
contains monthly totals in inches. .Although data is available from three other stations in
the valley, they are incomplete and contain fewer years. Thus, the Willcox dataset was
used for all analyses of the Sulphur Springs Valley.
Fieldwork by CFAR was conducted in the village of Bonam. Namentenga
Province from January 1998 to January 1999 (Roncoli eial. 1999). Burkina Faso has 65
meteorological stations throughout the country. The station nearest to the fieldsite is
Boulsa whose complete 10-day (dekad) precipitation data extends to 1959. lO-day totals
from 1959 to 1990 were available from the United States Geological Service (L'SGSi
.African Data Dis.semination Service (ADDS) web-site. Daily rainfall totals from 1980
to 1998 were obtained through the Direction de la Meteorologie Nationale du Burkina
Faso (D.Vl.N'). For the purposes of analysis, the latter data.set was combined w ith the
1959-1990 record and converted to ten-day totals.
.A great deal of controversy surrounds statements of "climate change" because
the temporal, spatial and meteorological aspects of such assertions are difficult to
discern. Climate changes all the time. The direction of these changes depends on
w hether one is discussing decadal, century or millennial time intervals. The relevancy
of these time intervals depends on the areas upon which they are observed be they
regional, continental or global. .Moreover, do these climate changes concern
temperature, precipitation or both? This issue of scales is examined and summarized by
Roberts (1996). Grove (1996) and Clifford and McClatchev (1996). In analvzins
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climate vulnerability and adaptation Ian Burton asks us to discern between "climate"
and "climate change" (1997). Climate change means an alteration in meteorological
phenomena that will endure for decades, centuries or millennia. Climate variability
applies to changes on shorter time-scales of decades and years. The analyses within this
thesis make no claim to exemplify "climate change" on the larger orders of time and
spatial scales. Instead, the models presented demonstrate trends that persist for ten-year
time intervals and describe only local trends in precipitation. Thus, they are not
examples of "climate change" but of "climate variability."
One particular perception recurs in the ethnographic accounts of both ca.se
studies. Informants state that their areas are experiencing decreased rainfall. Bahre
discounts such arguments for Southeastern Arizona and cites rainfall data from 18981989 (1991:104). In the ca.se of the Sahel. an argument can and is made for increxsed
aridity (Lamb 1985. Jayne et al. 1989:5). Decreased rainfall for the Sahel is also cited in
recent ethnographic accounts (.Mazzuccato and Niemeijer 2000: Cross and Barker, eds.
1991). Thus, these analyses commence with tests of decreased rainfall.
In the SSV. 14 of 35 interviewees stated that annual rainfall was decreasing.
-Measuring and modeling such a statement is difficult and one could essentially massage
the data to prove such a point. However, this thesis relies on standard meteorological,
climatological and statistical procedures for comparing meteorological data with
perceptions. For annual rainfall, an accepted standard is that of Lamb (1985) which uses
annual departures from a 30-year mean are used. These departures are measured as the
ratios of annual minus long-term average rainfall to the standard deviation. For my

analyses, I used Z-scores based on the 30-year mean from 1961-1990. Below are the
results for Willcox. Arizona and Boulsa. Burkina Faso.
FIGURE 4.1. Annual Departures from 1961-1990 Mean Rainfall. Willcox: 1959- 1999
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Both charts indicate that there are trends toward decreased annual rainfall as
evinced by the five-year moving averages. As one counts backwards from 1999 in
Willcox. only two of the last five years and two of the last ten years represent negative
departures from the 30-year mean. In Boulsa. four of the last five and eight of the last
ten years represent negative departures. Furthermore. 1997 stands out as the greatest
departure from the mean since 1959 which is the entire instrumental record. Thus, a
case can be made for decreased annual rainfall for Boulsa but not for Willcox. .Vlossi
perceptions of increased aridity over the last ten years are validated by the
meteorological data but. to extrapolate this trend into the future is suspect.
Interview material from the Sulphur Springs Valley indicates that 11 of 35
informants felt that sea.sonal precipitation was changing. Four inter\'iewees stated that
they observed less snow in the mountains. One long-time rancher and one extension
agent expressed their beliefs that precipitation was becoming more winter than summer
dominant. Figure 4.3 indicates that over the 30-year period, winter (December-JanuaryFebruary) accounts for 22.5% and summer (July-August-September) precipitation
accounts for 53.09t of the 30-year mean annual precipitation.
FIGURE 4.3. Ratio of Winter (Dec.-Feb.) and Summer (July-Sept.) to Mean Annual
Precipitation in Willcox. 1961-1990
60%
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These perceptions were tested using the ratio of DJF and JAS precipitation to the annual
precipitation for each year (Fig.4.4)
RGURE 4.4. Percentage of Winter (Dec.-Feb.) and Summer (July-Sep.) Precipitation
of Annual Precipitation. 1900-2000
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Figure 4.4 points out that the meteorological station at Willcox rarely receives more
winter (December. January and February) precipitation than summer (July. August and
September). Between 1900 and 1960. this occurred only twice. Between 1960 and
2000. winter precipitation exceeded summer precipitation in six different years. Over
the last decade. 1991 to 2000. this anomaly occurred in five years (1991. 1992.1993.
1995 and 1998) which is unprecedented for any other decade in the instrumental record.
Thus, the perception that precipitation is becoming more winter dominant than summer
is validated by the meteorological data.
The C FAR Project report (Roncoli et al. 1999) elicited numerous perceptions
from interviewees about climate variability. In the analysis of the meteorological data
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from Boulsa. many of these perceptions were shown to have significant validity.
However, displaying and describing all of these analyses would be tedious and not
particularly informative. At a later climate forecast forum held in Ouagadougou.
Burkina Fa.so in May. 2000 Burkinabe farmers stated that the key variables to their
agricultural decision-making are "the date of the onset and of the end of the rainy
season and in the distribution of rainfall during the season" (Roncoli ei al. 2000:26).
Thus, my efforts focused on these periods in the rainy season.
Farmers in Bonam state that the rainy season now terminates earlier than in the
past and they are reluctant to plant longer duration millet (Roncoli ei at. 1999:47). For
purpo.ses relevant to farming success. Some and Sivakur point out that areas must
receive at least 20 mm of rain over three consecutive days after April first in order for
one to say that the rainy season has begun. The end of the rainy sea.son requires that
there is no more than 5 mm of rain (either in one day or cumulative) during over a 20day period after September 1 (Some and Sivakur 1994:3). Based on these criteria and
their data. Boulsa's rainy season lasts 141 days from May 18 to Octobers and the
average annual rainfall is 896 mm (Some and Sivakur 1994:8). The effective rainy
season for the agricultural calendar lasts from mid-May to early October. For the
purposes of the data analyzed within this paper, the season is then defined as the first
dekad of May (May 1) through the last dekad of October (Oct3). Knowing the preci.se
date on which the rainy season began is impossible since the Boulsa data is in 10-day
form. For the purposes of analysis, the first dekad after the first dekad of April (April 1)
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whose value equaled 200 mm or more was considered the mark the commencement of
that year's rainy season. Figure 4.5 below presents these results.
nCURE 4.5. Count of Dekads Rainy Season Commences, Boulsa, BF: 1959-1998
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These results show that the onset of the rainy season has been arriving later in
the season. Between 1959 and 1968, the rainy season began in late April or early May
but never in late-.Vlay or June. Starting in the decade between 1969 and 1978, the on.set
began occurring later around May2 and May3. By the latest decade. 1989-1998. the
rainy .season started mostly in the tlrst dekad of June (Jun 1). There is a progressive later
commencement of the rainy season which corroborates this perception of farmers. ).
Such tests for the end of the rainy season were inconclusive.
I also conducted tests to ascertain the extent to which total rain at the beginning
of the rainy season had been changing. Since the rainfall data is in 10-day form, it is
difficult to model anything but gross changes in totals or start dates. But. combining
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these two tests provides compelling evidence that precipitation at the beginning of the
rainy season displays variability on ten-year timescales (Fig.4.6).
FIGURE 4.6, Variation in Total Rainfall at the Beginning of the Rainy Sea-son (AprlMay2)
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Combined. Figure 4.5 and 4.6 indicate that the start of the rainy season has changed
both from 1959-1968 and the 1989-1998 and between 1979-1988 and 1989-1998. Figure
4.6 shows a difference in the quantities of rainfall between the 1959-1968 decade and
later decades. A Kruskal-VVallis test determined that these decadal differences are
statistically significant (Chi-Square F = 8.715. P = 0.033. df = 3). Thus, the perception
that there is a delayed commencement in the rainy season has substantial descriptive
and statistical merit.
The C FAR team also reported that farmers perceived that the distribution of
rainfall during the rainy season was changing. The authors state:
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•• During the rainy season, there is a sequence of three rains (sa nyan;^a) that fall about
30 days apart (beginning 30 days after the onset of the rains) and that are of panicuiar
importance for a good production of cereal and leguminous crops. These are heavy
rains that last up to 12 hours and reach 40mm, leaving the soil moist enough to
withstand long periods of water deficit: the third one can provide enough water to bring
the crops to maturation, even if it does not rain anymore. In recent years, however, one
or more of these rains often fail, with negative consequences for sorghum production"
(Roncoli
1999:17)

To assess the extent to which these sa nyanga rains have been failing, I plotted the
mean distiibution of rainfall for 1961-1990 from Aprl to Oct3 (Fig. 4.7).
FIGURE 4.7. Mean 10-dav Rainfall Distribution over the Rainv Season bv Decade
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Figure 4.7 indicates that rainfall between the dekads of Jun2 to Jul3 has been lower than
the 30-year mean for the decade 1989-1998. A box-and-whisker-plot of the totals for
the dekads between Jun2 and Jul3 reveals this decrease in mid-rainv season rainfall
(Fi2 .4.8).
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FIGURE 4.8. Box-and-Whisker-Ploi of Jun2 to Jul3 Rainfall Totals
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Together. Figures 4.8 shows an overall decrease in rainfall during this period of the
rainy season along with marked variability between decades—the strongest of which
being between the 1959-1968 decade and the 1989-1998 decade. A Kruskal-Wallis test
determined that differences between decades are statistically significant (Chi-Square F
= 12.05. P = 0.00. df = 3). Although the perception that sa nyan^a rains are failing or
becoming more erratic are difficult to model with 10-day totals, it does appear from the
above charts that rainfall in from mid-June through July is declining.
Overall, the above analyses indicate that several perceptions of precipitation
variability can be tested and that some of these tests are statistically significant using
non-parametric procedures. Of greater interest is the fact that this variability can be seen
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on ten-year (decadal) time scales. As shown above, annual rainfall at these stations
shows little or no substantial trend regarding the last ten years (1989-1998) and
perceptions of declining yearly precipitation have little validity in the meteorological
record. However, perceptions of intra-annual variability are borne out through analyses
of the instrumental record. .Mossi fanners make finer distinctions of rainfall during the
rainy season and their observations of the changing nature of their onset and
distribution, a la sa nyan^a rains, is corroborated by the meteorological record. The
graph of precipitation data from Willcox verifies the increased dominance of winter
precipitation obser\ed by Sulphur Springs Valley farmers (Fig. 4.4). Farmers in both
regions attune to interannual variability in rainfall on time-scales of at least decades.
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CHAPTER 5. CONCLUSION
Modeling human perceptions of climate variability helps resolve several problems that
exist in climate vulnerability research. First of all. this thesis reveals that these
perceptions are linked to vulnerability. Climate has myriad facets toward w hich human
perceptions could tend such as temperature, precipitation, seasonality, types of storms
and other long-term weather phenomena. However, agriculturists in the Sulphur Springs
Valley. .Arizona and the Central Plateau. Burkina Faso discuss mostly variation in
seasonal precipitation. These panicular perceptions are linked to the underlying
vulnerabilities of farming in semi-arid environments to sea.sonality.
The prevailing wisdom among SSV agriculturi.sts is that winter snow and rain
recharge the regional aquifers even though the summer monsoons provide greater
amounts of moisture. These same informants state that increased winter precipitation
raises the water table and decreases pumping costs. Similarly, they attribute lower water
levels to decreased winter precipitation. Ultimately, the long term viability of farming
in the Sulphur Springs Valley and most of the Southwest United Stales depends on the
amount of groundwater. Once these aquifers run out as they have in the Imperial Valley
of California, then agriculture will fail as well. Ranchers in the area are also affected by
differences in seasonal precipitation. Winter snow and rain provide moisture for edible
winter annuals and shrubs (Conley et al. 1999:16). An abundance of such forage
permits ranchers to forego purchasing supplemental feed which is a considerable
expense.
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The link between perceptions of climate variability and vulnerability are even
more direct for Mossi farmers. Substantial rainfall deficits lead directly to harvest
shortfalls and famine. However, as has been emphasized by several researchers, the
distribution of rain during the rainy season is of greater than consequence than the
amount. The most crucial agricultural decisions are made by farmers in Bonam at the
beginning of the rainy season (Roncoli et al. 1999) and these are heavily influenced by
the timing of the season's commencement. Furthermore, rains in the middle of the rainy
season are critical because they can provide enough moisture for crops even if the rest
of the season is deficient. These sa nyanga rains that occur in July and August occur at
a time when grain and labor assets have already been invested and it is too late to resow seed. Thus. Mossi farmers are particularly vulnerable to detlciencies in these rains.
The charts presented above indicate that perceptions concerning the timing and
distribution of precipitation during the rainy season are valid. Thus, these perceptions
emerge due to their inextricable relationship to vulnerability.
These results have a practical bearing on the interdisciplinary nature of climate
vulnerability research. Most anthropologists currently doing such studies are part of
larger research teams investigating the potential of using seasonal precipitation
forecasts (Broad 2000; Nelson and Finan 2000; Orlove 2000; Roncoli ei al. 2000).
Modeling the perceptions of fanners, tlsherman and other groups affected by climate
variability allows us to elucidate their concerns. The hope is that this will give
ethnographic accounts more explanatory "weight" among colleagues in the natural and
physical sciences and assist them in orienting their research around the concerns of
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stakeholders. It seems very probable that these tluctuations in seasonal precipitation
have their roots in larger climate phenomena such as sea surface temperatures (SST's)
influences such as the El Nino-Southern Oscillation (ENSO). Pacific Decadal
Oscillation (PDO) and North Atlantic Oscillation (NAO). Investigating the relationship
between the climate trends observed by farmers and SST's could result in seasonal
forecasts that have greater relevance for their agricultural decision-making.
The results presented in this thesis also have a significance for the social
sciences. As Sarewitz and Pielke (2000) suggest the discourse on "global wanning" has
the potential to be used, misu.sed and even abused. It is unlikely that global warming inand-of-it.self threaten farmers in the semi-arid regions of the world. However, the
Intergovernmental Panel on Climate Change (IPCC) has documented that global
warming is real and that the increasing mean global surface temperatures have
increased since 1861 (McCarthy ff tz/. 2001:2). Climatologists conclude:
""Wurm episodes of the El Nino-Southem Oscillation (ENSOi phenomenon (which
consistently affects regional variations of precipitation and temperatures over much of the
tropics, sub-tropics and some mid-latitude areast have been more frequent, persistent and
intense since the mid-I970's. compared with the previous 100 years" (McCarthy et al.
2(K)l;5i.

The warm phase of ENSO is popularly know n as an "El Nifio" event and it is possible
that the increased frequency and intensity of its signal is being felt as oscillations in
seasonal rainfall by farmers in both case studies. Thus, social scientists are in the unique
position to be able to monitor the impact of ENSO's apparent change on local
livelihoods and the models presented here help establish a baseline for such monitoring.
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Research among farmers in Canada casts doubt on the ability of human beings
to discern between changes in weather with changes in climate (Bryant er al. 2000 and
Granjon 1999). At the same time, similar research in Africa claims that they can (Ovuka
and Lindqvist 2000. Sollod 1990). Perhaps anthropology's greatest strength lies in its
ability to make cross-cultural comparisons, and it forms the analytical core of this
thesis. The results presented here empirically test local perceptions of climate
variability with meteorological data. It concludes that farmers in both the Southwest
United States and Burkina Faso are able to perceive trends in precipitation on ten-year
time-spans. Thus, people in both parts of the world are able to detect variation in
climate as opposed to just meteorological events. This empirical insight helps bolster
the role of ethnographic analysis in debates about climate change.
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