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Abstract
Abrupt and persistent changes in regional climate patterns have happened in the past, and
according to models, may happen again in the future. These sudden and prolonged shifts have
negatively impacted the well being of people and can compromise the ability of societies to
sustain into the future in a desirable way. It is therefore important to determine which places
might be vulnerable to abrupt changes in precipitation patterns the future, as well the impacts
that such shifts have had in the past. Understanding this should help to focus management
efforts. Using an analysis of twentieth century gridded station data, this research investigates
the impact that sudden and prolonged declines in annual precipitation had for three socialecological systems: northern Mexico in the 1950s and 1960s, parts of the Former Soviet
Union in the 1920s and 1930s, and southern Africa in the 1980s and 1990s. A literature
review was carried out to determine the effects that the abrupt changes had on the socialecological systems under consideration. In addition, the geography, climate, and land use
practices of the regions were investigated using both literature and analyses of average
precipitation, crop cover, and potential vegetation datasets. Comparisons of the events were
made in an attempt to elucidate patterns that could be studied further. Savanna and
grassland/steppe potential vegetation zones were found to be particularly vulnerable to the
sudden and prolonged shifts in precipitation patterns. In addition, agricultural productivity
was determined to be a central component of each of the social-ecological systems
considered. For this reason, it is recommended that management efforts in regions vulnerable
to abrupt and persistent changes in precipitation concentrate on improving the resilience of
their agricultural systems. Political were also found to be an important determinant of the
impact that the shifts had on the social-ecological systems studied. Lastly, this research
demonstrates the importance of integrating disciplines when studying the dynamics of abrupt
climate change.
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1. Introduction
1.1 Research Surrounding Abrupt Climate Change

Evidence of abrupt and persistent changes in climate can be found throughout historical
records. For example, reconstructions of the earth’s climate using ice cores reveal a sudden
drop in the global temperature approximately 8000 years ago. This event has been attributed
to changes in the earth’s climate circulations that resulted from an increased input of
freshwater into the oceans (Alley and Ágústsdóttir, 2005; Broeker, 1997). In addition, sudden
and prolonged changes in climate can also occur at a regional scale, as was seen in the
African Sahel when annual precipitation decreased suddenly in the late 1960s, a trend that
has continued into recent years (Figure 1). An abrupt decline in annual precipitation also

Number of standard deviations from the mean

occurred over much of the central United States during the 1930s (Schubert, 2004).

Figure 1. Number of standard deviations from the 1950-2004 mean rainfall over the
African Sahel (Modified from Mitchell, 2005)

Sudden and persistent changes in climate can affect many dimensions of social-ecological
systems, and as a result, can compromise their ability to sustain into the future in a desirable
way. For example, in the African Sahel, the prolonged period of below average precipitation
reduced agricultural productivity in the region, and led to the starvation of approximately one
million people in the 1970s. The social dynamics of the region were further disrupted as
millions of inhabitants were forced into refugee camps (Nicholson et al., 1998; in Graetz,
1991). The changing precipitation patterns that occurred over the central United States
resulted in severe dust storms and consequently a mass migration of people out of the region.
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The economic growth of the entire nation was also disrupted, with over one billion (1930s)
U.S. dollars spent on federal aid alone (deMenocal, 2001).

Current research suggests that anthropogenic forcing of the earth’s climate system may bring
about abrupt changes in the future (Alley et al., 2003; Smith et al., 2001; NRC, 2002).
Models of the earth’s climate system show that global warming, as a result of elevated levels
of carbon dioxide in the atmosphere, may lead to increased additions of freshwater into the
North Atlantic through melting ice and increased precipitation in the region. Models also
show that this might lead to an abrupt change in the thermohaline circulation (THC), and
consequently, a sudden shift in global climate patterns as was seen 8000 years ago (Higgins
and Schneider, 2005; Broeker, 1997). Such human-induced abrupt changes may also occur
through other mechanisms. For example, it has been proposed that land degradation
contributed to the abrupt and prolonged droughts that occurred over the African Sahel and
central United States through land-surface feedbacks (Zeng, 1999; Nicholson, 2000; Taylor
et al., 2002; Foley et al., 2003; Giannini et al., 2003; Zeng, 2003; Schubert et al., 2004).

Because abrupt changes in climate may happen in the future, and because they have proved
to have serious consequences for societies in the past, it is important to determine which
systems are vulnerable to such sudden changes, and how they might be affected if an abrupt
shift were to occur. One type of system that typically changes abruptly is one with alternate
stable states, that is, a system that can exist in two different states driven by otherwise
identical boundary conditions. When forced by external factors, these systems may change
abruptly into alternate regimes, or in other words, experience “regime shifts” (Scheffer et al.,
2001). Scheffer et al. (2001) suggest that systems that have exhibited large fluctuations in the
past may have alternate stable states, and may therefore change abruptly again in the future.

1.2 Abrupt and Persistent Changes in Regional Precipitation Patterns

One particular place where regime shifts could be important is in the area of changing
precipitation. In a recent study, Narisma et al. (in prep.) used wavelet analysis (Torrence and
Compo, 1998) to study gridded station data from the Climate Research Unit (Mitchell et al.,
2003). From this analysis, Narisma et al. were able to identify regions that experienced
abrupt and persistent decreases in precipitation during the twentieth century. Following the
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logic of Scheffer et al., Narisma et al.’s study of global precipitation data provides a unique
opportunity to investigate regions that may be vulnerable to precipitation regime shifts, as
their results indicate regions that have exhibited fluctuations in precipitation patterns in the
past and thus may experience abrupt and persistent changes in the future. Abrupt changes
were defined as occurring on a scale of one year, and persistent is defined as lasting for at
least three years. Only precipitation measurements departing at least two standard deviations
and at least five percent from the average of the time series were considered. Such sudden
and prolonged decreases in precipitation were found to occur in approximately thirty regions
(See Appendix 1).

The following study uses the results of Narisma et al. (in prep.) in concert with a literature
review to investigate the different dimensions of abrupt and persistent decreases in
precipitation that occurred over three regions: northern Mexico in the 1950s and 1960s, the
Former Soviet Union during the 1920s and 1930s, and southern Africa in the 1980s and
1990s (Figure 2). This study ultimately seeks to convey the impact that the changing
precipitation patterns had on multiple aspects of the social-ecological systems under review,
as well as elucidate similarities in their geography. Understanding the effect that abrupt and
persistent changes in climate have had in the past should make it more feasible for resource
managers and policymakers in regions vulnerable to such regime shifts to consider how the
regions they have jurisdiction over may be affected in the future. Improving this
understanding should also help to begin a discussion of the situations that are undesirable, as
well as how they might be avoided. Recent research emphasizes the importance of both
determining the impact that externals perturbations might have and the situations that are
undesirable when developing policies to manage for the sustainability of a social-ecological
system (Walker et al., 2002; Turner et al., 2003). Avoiding such undesirable situations is the
essence of managing a system for sustainability (Walker et al., 2002).

The geography of the regions is also investigated in this study in an attempt to gain a deeper
understanding of the types of places that have been affected by prolonged, below-average
precipitation. It is thought that comparing such geographic factors might contribute to the
understanding of the places that are vulnerable to such abrupt and persistent climate change.
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(a)
1940-1960

(b)
1920-1940

8

(c)
1980-2000

Figure 2. Location and magnitude (percent deviation from the average of the Climate
Research Unit (Mitchell et al., 2003) time series) of abrupt and persistent shifts in precipitation
patterns detected my Narisma et al. (in prep). for northern Mexico (a), the Former Soviet Union (b),
and southern Africa (c). Deviation (Adapted from Narisma et al., in prep.).

2. Methodology

A preliminary literature review was carried out for each of the 30 sites detected by Narisma
et al. (in prep.). Mentions of drought, famine, and other indicators of below-average
precipitation in the regions were looked for in the literature. Evidence of below-average
precipitation was also looked for in such paleoclimate databases as the World Data Center
(WDC, 2005). In particular, tree-ring, river flow, and lake level reconstructions were focused
on. These records provide a more quantitative source of information that can be compared
with the results of Narisma et al., and also indicate the magnitude of the impact of the
anomalously low precipitation on ecological components of the systems under consideration.

Three regions for which the prolonged below-average precipitation had particularly severe
impacts, and for which below-average precipitation shaped the dynamics of several aspects
of the social-ecological system (for example, social, political, ecological, or economic),
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according to the preliminary literature review, were concentrated on in subsequent analyses.
First, further information concerning the impact of the shift in precipitation patterns on
multiple aspects of the three social-ecological systems, including agricultural productivity
and human health, was collected. Attempts were also made to provide reasons for the impacts
that occurred. This entailed placing the events in the context of the impacted societies by, for
example, investigating the political dynamics in the years leading up to and during the events,
as well as the policies governing the different agricultural systems. The response of the
social-ecological systems was also considered by investigating, for instance, the migration of
humans in the afflicted regions and the ability of the respective governments to prevent
and/or mitigate negative effects of decreased precipitation.

Next, data on the climate and geography of the three regions under study were collected.
Data from Ramankutty and Foley (1999) were used to determine the potential vegetation
coverage, or “vegetation that would most likely exist now in the absence of human activities”
(Ramankutty and Foley, 1999), of the areas that produced signals in Narisma et al.’s study.
The crop cover and average precipitation of these areas was also determined using data from
Ramankutty and Foley (1999) and Mitchell et al. (2003) respectively.

In addition, a time series of the precipitation anomalies was created for each region using the
monthly average of daily rainfall (provided in mm per day) that are available from the CRU
(Mitchell, 2003). The data from the stations located in the three affected regions under study
(parts of northern Mexico, the Former Soviet Union, and southern Africa) were first averaged
for the time period of 1901 to 2000. Next, the anomalousness of each monthly precipitation
datum point of the three regions from their 1901 to 2000 average was determined by
subtracting the monthly value from its respective time series average. The anomaly data were
subsequently normalized so that the maximum value possible was one. These normalized
anomalies were then plotted. The three-year running means of these normalized deviations
were also plotted in order to strengthen the anomaly signals and filter our noise. Lastly, the
mean of the anomalies in the years before, during, and following the shift indicated by
Narisma et al.’s (in prep.) wavelet analysis were plotted. This was done in order to provide a
contrast of the magnitude of the mean of the deviations during the event with those of other
time periods.
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This study also investigates the components of systems that were involved in feedbacks that
contributed to known regime shifts. For example, since land degradation has been theorized
to play a role in the precipitation regime shift in the African Sahel, this study attempts to
begin to understand the dynamics of the land use practices in the three regions under
investigation (Nicholson, 2001; Foley et al., 2003; Zeng, 2003). This study does not,
however, draw conclusions regarding the role of such land use practices in the changing
precipitation patterns. Since the decline in annual precipitation over the African Sahel and the
central United States have also been attributed to anomalies in larger-scale processes such as
global circulations (Taylor et al., 2002; Foley et al., 2003; Zeng, 2003; Schubert et al., 2004)
the climate trends of the regions are also presented in this study.

3. Results

3. 1 Overview of Case Studies
A description of the impact of the shift in precipitation patterns on the aforementioned
regions is presented in the following section, along with an overview of the physical
environment of the areas under consideration. First, the climate and geography of the affected
regions will be described. Such features as the average precipitation and the major climate
oscillations that the regions are subject to will be highlighted, as will their potential
vegetation, crop cover, and land uses practices. Next, evidence of the shift in precipitation
patterns in quantitative environmental records (for example, using tree rings and lake level
data) will be presented. An overview of the impacts of the shift for the implicated societies
will follow. The effect of the change in precipitation patterns on the agricultural systems will
be concentrated on, as will the role of the governments in dealing with impacts of the
prolonged, below-average precipitation. Lastly, a brief overview of the impact of the abrupt
and persistent decreases in precipitation will be presented for several other regions.
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3.2 Northern Mexico: 1950s

Prolonged periods of reduced precipitation are frequent in Mexico’s history. However, few
were as severe as that which plagued much of the northern part of the country during the
1950s. Narisma et al.’s analysis of observation data indicates that the region experienced a
shift in precipitation patterns that began in the late 1940s (Figure 2). A precipitation time
series for the region highlights the sudden drop (Figure 3). This period of below-average
rainfall stunted the agricultural production of several northern states and provided added
impetus for the migration of Mexicans to the United States in search of employment. While
this event extended up into the southwestern portions of the United States, the impact on the
Mexican society will be concentrated on in the following overview.
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Figure 3. Percent deviation of precipitation from the mean in northern Mexico, 1903 – 2000, three-year running
mean of deviations, and mean of deviations in the years before, during, and after the shift detected by Narisma
et al. (in prep.). (Adapted from Narisma et al., in prep.) Figure 4. Palmer Drought Severity Index reconstruction
from a tree ring chronology for –107.5°E and 30°N (Chihuahua, Mexico) (Adapted from Cook, 2000).

3.2.1 Climate and Geography

Mexico is a predominately semi-arid region, with steppe and desert zones covering much of
the northern part of the country (Hudson and Espenshade, Jr., 2000). The winter and summer
climates exhibit different characteristics, with the variation of both influenced by the El
Niño/Southern Oscillation. As previously mentioned, periods of prolonged, below-average
precipitation have occurred on several occasions in the region’s history, most notably in the

13

sixteenth century when a significant decrease in annual precipitation persisted for over three
decades. (Cleaveland et al., 2003; Acuna-Soto et al., 2002).

The shift in precipitation patterns indicated by Narisma et al. (in prep.) largely occurred over
regions receiving an average precipitation of 1.75 millimeters or less each day (Figure 5).
When the precipitation regime shift data are looked at in concert with potential vegetation
data, it can be seen that fifty percent of the event occurred over grassland/steppe zones. Open
shrubland and savanna also account for a large percentage of the affected region (Figure 6).
While a majority of the change in precipitation patterns affected non-cultivated lands,
approximately forty percent of the affected grid cells had between 10 and 70 percent crop
cover (Figure 7). (See Appendix 2 for further detail.)
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3.2.2 Land Use Practices

Pastureland is another important land cover type in the area affected. The management
practices governing pastures in this region changed dramatically as a result of the Peasant
Revolution that occurred during the 1910’s. The Revolution led to the redistribution of land
to peasants through the ejidos program, a system incorporated into the Mexican Constitution
in 1917-1918 that resulted in the establishment of communal grazing areas (Manzano et al.,
2000).
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Land degradation was a problem on the northern Mexican rangelands both during and in the
years leading up to the shift in precipitation patterns. In a review of land cover and the
livestock industry of Mexico, Buller (1960) reported that as of 1950, on the upwards of ten
million animals were grazing on the northern rangelands, and that much of the grasslands that
covered the northern rangelands were overgrazed. A shift in vegetation starting in the
beginning of the twentieth century in the Chihuahuan Desert has been attributed to such
overgrazing (Beltrán-Przekurat, 2005). The land degradation that results from overgrazing
has been disproportionately attributed to the communally grazed lands of ejidos; the rate of
deterioration of Mexican rangelands paralleled the amount of land managed as ejidos
(Manzano et al., 2000)

3.2.3 Environmental Indicators

Cleaveland et al.’s (2003) reconstruction of precipitation in Durango, Mexico using Douglas
Fir tree ring records indicate that Mexico’s most severe decrease in precipitation of the
twentieth century occurred between 1950 and 1965. This study signified a 14.2 percent
decrease in precipitation during this time, a figure that was concluded to be conservative.
Another study of tree ring data from across North America yielded Palmer Drought Severity
Index (PDSI) values as low as –6.23 in such places as Chihuahua (Figure 4) (Cook, 2000).
PDSI values of –3 or lower are indicative of severe droughts (Dai and Trenberth, 1998).

3.2.4 Impacts of the Shift in Precipitation Patterns

Mexican states had different abilities to cope with the shift in precipitation as a result of
unequal investments in irrigation works across the country. The leaders of a peasant
revolution that occurred in the 1910’s greatly influenced the development of the agriculture
sector (Figure 8). As many of these leaders originated from northern parts of the country, a
large percentage of infrastructure investments (for example, in irrigation works) were
concentrated in the north, especially in Sonora (U.S. L.O.C., 2005). The level of development
also differed between the northern states themselves. Between 1940 and 1950, the amount of
irrigated land in the northwestern states of Baja California Norte, Baja California, Sur,
Sonora, Sinaloa, and Nayarit experienced a 74.3 percent increase in irrigated land, and a
further 63.3 percent increase between 1950 and 1960. In contrast, the irrigated land in the
16

northern states of Chihuahua, Durango, and Coahuila increased by 8 percent between 1940
and 1950, and by another 32.2 percent between 1950 and 1960 (Yates, 1981).
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Figure 8. Normalized rainfall anomalies and timeline of events occurring in northern Mexico in the years
leading up to and during the shift in precipitation patterns (Adapted from Narisma et al., in prep.)

The impact of the shift in precipitation patterns was smaller in states that had betterdeveloped irrigation systems. Potential detriments to Sonora’s agricultural productivity were
offset by the rapid development of new infrastructure (Yetman et al., in press). Coahuila,
Chihuahua, and Durango, on the other hand, suffered “hundreds of millions of pesos of
agricultural losses” in 1956 and 1957 (Cleaveland et al., 2003) The agricultural expansion in
Sonora also resulted in the state losing fewer constituents to migration than other droughtstricken regions (Yetman et al., in press) Accounts of the migration from Coahuila to the
United States in 1957 were described as an “exodus in mass” (Associated Press, 1957).
People left in search of employment opportunities through the Braceros program, an
agreement that facilitated the temporary employment of millions of Mexicans in the United
States between 1942 and 1964 (García y Griego, 1997).

The severity of the lack of precipitation over northern Mexico in the 1950s and 1960s can
thus be seen not only in the precipitation records, but also in the reduced growth of trees
indicated by ring records. While the precipitation declined over much of the region, its
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impact was mitigated in some parts by government-funded irrigation works established both
in the years leading up to and during the change in precipitation patterns.

3.3 Former Soviet Union, late 1920s and 1930s

A set of signals were also detected by Narisma et al. (in prep.) over parts of the Former
Soviet Union including northwestern Kazakhstan and Russia adjacent to the Caspian Sea, as
well as over the Southern Urals, the Volga region, and the Kirghiz Steppe in the late 1920s
and 1930s (Figure 2). A precipitation time series for the region highlights the sudden drop
that persisted from approximately 1929 to 1941 (Figure 9). This region was underwent
dramatic transformations during these years. The rapidly changing political and social
situation of the Former Soviet Union during the 1920s and 1930s makes it difficult to discern
the effects of below average precipitation on the region. However, several historical reviews
make it clear that diminished annual precipitation, particularly in 1931 and 1936, played a
significant role in shaping the social and political dynamics of the region during this time
(Davies and Wheatcroft, 2004).

Figure 9. Percent deviation of precipitation from the mean in parts of the Former Soviet Union, 1903 – 2000,
three-year running mean of deviations, and mean of deviations in the years before, during, and after the shift
detected by Narisma et al. (in prep.). (Adapted from Narisma et al., in prep.)
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Figure 10. Observed and reconstructed annual averages of the level of the Caspian Sea
(Modified from Voropayev, 1996)

3.3.1 Climate and Geography
Although the weather patterns of the Former Soviet Union are largely controlled by arctic
and polar fronts, the climate of its different sub-regions are highly varied (Lydolph, 1977).
Droughts are frequent over such important agricultural lands as the lower and middle Volga
and the northern Caucasus. These droughts are attributed to anticyclones that form as a result
of dry air masses that move into the region from the arctic (Dronin and Bellinger, 2005). The
lack of moisture and high wind speeds cause occasional dust storms in the steppe and
southern European parts of the region (Lydolph, 1977). This lack of moisture, in addition to a
short number of growing days, also makes much of the land unfit for agriculture (Dronin and
Bellinger, 2005).
As in northern Mexico, a majority (69.8 percent) of the shift in precipitation patterns took
place over grassland/steppe vegetation zones. Savanna accounted for another 10.3 percent of
the affected region (Figure 11). Approximately 52 percent of the event occurred over regions
with between 10 and 70 percent cultivation (Figure 12). The crop area affected produced a
large percentage of the grains used to feed the nation’s population (Dronin and Bellinger,
19

2005). In addition, the entire event occurred in regions receiving an average of 1.6
millimeters of precipitation a day (Figure 13). (See Appendix 2 for further detail.)
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Figure 11. Percent cover of different potential vegetation types over
area affected by the change in precipitation patterns in the Former
Soviet Union (Adapted from Ramankutty and Foley, 1999
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3.3.2 Land Use Practices

The policies governing the region’s land-use practices changed greatly during the shift in
precipitation patterns. Following the 1917 October Revolution (Figure 14), the Lenin and
subsequently Stalin-led government implemented policies to increase the agricultural
productivity of the state. It was believed by the leaders that increased grain production was
key to fuel industrialization, and that industrialization was necessary for the success of
socialism in the Former Soviet Union. It was also believed that industrialization would allow
the state to become more productive and technologically advanced than the capitalist nations
of the world (Davies et al., 1994).
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Figure 14. Normalized rainfall anomalies and timeline of events occurring in the Former Soviet Union in the
years leading up to and during the shift in precipitation patterns (Adapted from Narisma et al., in prep.).

To accomplish this increase in agricultural productivity, the Soviet government initiated the
“collectivization” campaign in 1929: a plan that brought the agricultural system under the
watch of the state, and through which croplands became communal (Davies et al., 1994). The
collectivization campaign also imposed changes in agricultural practices. For example, it
increased the amount of land under cultivation (Pianciola, 2004; Tauger, 2001). This meant
not only expanding agriculture into previously uncultivated areas, but also keeping land
under cultivation rather than allowing for rotations. While there were some reports of
cropland being abandoned, the general movement to reduce crop rotations resulted in the
exhaustion of soil in many areas (Tauger, 2001).

In addition to cropland, grazed areas were an important part of the affected region’s
landscape. These regions also changed during this time period as there was a large decrease
in the number of livestock grazing on the pasturelands. Between 1928 and 1934, the number
of livestock in the Former Soviet Union dropped by 43.8 percent. Kazakhstan, a region
comprised largely of nomadic herdsmen, lost approximately 90 percent of its livestock
(Pianciola, 2004). Strict quotas often left peasants without enough grain for subsistence, and
forced them to either turn to their livestock for food or sell them for grains (Pianciola, 2004;
Davies et al., 1994). These factors, in addition to loss of livestock to starvation and
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epidemics, have been attributed to the marked decline in farm animals. This also had
implications for croplands as there was a reduction in traction power available to cultivate
arable lands (Davies et al., 1994).

3.3.3 Environmental Indicators

The shift in precipitation patterns that persisted over parts of the Soviet Union during the
1930s is reflected in the level of the Caspian Sea. In 1930, the level began to rapidly decline,
and by the end of the decade, it had fallen by 1.7 meters (Yoropayev, 1996; Golitsyn, 1996)
(Figure 10). The decline has been attributed to changes in the climate over the region,
resulting in reduced river inputs and changes in the precipitation and evaporation from both
the surface of the sea and its watershed. The problem was further exacerbated in the 1940s
when the water of tributaries, namely the Volga River, was dammed for hydropower and
extracted for irrigation (Golitsyn, 1996).

3.3.4 Impacts of the Shift in Precipitation Patterns

The decrease in precipitation, in addition to soil exhaustion, a reduced availability of traction
power, and a number of other variables including plant disease, have been linked with the
large-scale decrease in agricultural productivity that was particularly severe in the early
1930s (See Table 1). The shortage of available food led to one of the most severe famines of
the twentieth century, as a result of which over six million people died (Wheatcroft, 2004). In
addition to starvation, epidemics plagued the vulnerable populations. The number of Typhus
cases in the region rose from 40 in 1929 to 800 in 1933 (Davies and Wheatcroft, 2004).
Cases of typhoid fever, smallpox, and scurvy were also reported in the region (Davies and
Wheatcroft, 2004; Pianiola, 2004).

Year

Grain Production
(million tons)
1930
73-77
1931
57-65
1932
55-60
1933
70-77
Table 1. Estimated Soviet grain production, 19301933. (Adapted from Davies and Wheatcroft, 2004)
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Prolonged below average precipitation was thus a factor in a suite of variables and
circumstances that, together, culminated one of the most severe famines of the twentieth
century. While government plans may have intended to increase productivity, the policies
implemented resulted in the opposite effect.

3.4 Southern Africa, 1980s and 1990s

Below average rainfall is a reoccurring problem in Africa, one that often receives
international attention due to the severe consequences of drought such as famine. In 1994, the
United Nations implemented the Convention to Combat Desertification in Countries
experiencing Serious Drought and/or Desertification, Particularly in Africa to create an
international effort to deal with effects of drought (UN, 1994). Narisma et al. (in prep.)
indicated that precipitation was below average for much of the southern portion of the
continent for a period of time extending from the mid 1980s until the end of the analyses in
1997 (Figure 2). A precipitation time series for the region highlights the sudden drop that
persisted from approximately 1986 to 1997 (Figure 15). Sudden changes in precipitation
were detected over parts of Zambia, Zimbabwe, Botswana, Namibia, and Angola. Other
regional analyses confirm this shift that negatively impacted the area’s agricultural
productivity and industry particularly severely in 1991 and 1992.
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Figure 15. Percent deviation of precipitation from the mean in southern Africa, 1903 – 2000, three-year
running mean of deviations, and mean of deviations in the years before, during, and after the shift detected
by Narisma et al. (in prep.). (Adapted from Narisma et al., in prep.) Figure 16. Annual maize production of
Zambia and Zimbabwe in metric tons (FAOSTAT, 2005).
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Figure 17. Lake Kariba level measurements, May 1961-July 1993 (Modified from Tiffen and Mulele, 1993)

3.4.1 Climate and Geography

A majority of the shift in rainfall patterns occurred over regions receiving an average of less
than 3.2 mm of precipitation per day (Figure 18). Average rainfall over the region ranges
from approximately 1 to 3.8 mm per day with a general increasing trend from south to north
(Unganai and Bandason, 2005). Rainfall over southern Africa is highly variable, with
anomalies generally persisting for 2.3, 3.5, and 5-year intervals (Nicholson, 2001). While
rainfall tends to decrease over the region during El Niño/Southern Oscillation (ENSO) years,
sea surface temperatures (SSTs) are much more important in explaining southern African
rainfall patterns (Nicholson, 2001).
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When the precipitation regime shift data are investigated in concert with potential vegetation
data, the results indicate that much of the event (86.8 percent) occurs over savanna (Figure
19). When the human influence of land cover is taken into consideration, it can be seen that
nearly half (46.3 percent) of the event occurs over areas with less than ten percent crop cover.
Another 40 percent took place over land with between 10 and 20 percent crop cover (Figure
20) (See Appendix 2 for further detail.).
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3.4.2 Environmental Indicators

Other analyses of regional precipitation data (Nicholson, 1993; Nicholson, 2001) confirm
that below average rainfall plagued southern Africa for much of the 1980s and 1990s
(Nicholson, 2001; Nicholson, 1993). Rainfall over the northern, southern, and western parts
of the region was –5, -7, and –12 percent, respectively, lower than average between 1980 and
1989 (Nicholson, 2001). This drop is reflected in the flows of rivers throughout the region.
Measurements of the Zambezi River flows taken in Zambia were significantly decreased
during this time. The level of Lake Kariba, which was filled in the late 1950s and early
1960s, fell in the early 1980s, fluctuating at low levels throughout the rest of the decade and
into the 1990s (Tiffen and Mulele, 1994; Shela, 2000) (Figure 17). This impacted both
residences and industry as the lake is one of the most important sources of hydropower in the
region, with 1,266 MW of installed capacity (Tiffen and Mulele, 1994; Shela, 2000).

3.4.3 Land Use Practices

The dynamics of land-tenure in southern Africa are the result of complex interactions
between traditional views, the influence of the colonial era, and the frequently changing
governments. Some land is maintained as communal, while other is owned by the state or
private parties. The privatization of land is becoming progressively more common in the
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region, but is a matter surrounded by corruption. Some governments, including Zimbabwe
and Namibia, instituted land redistribution programs following their independence in an
effort to reallocate land to small-scale farmers. Land that is used for agriculture is highly
dependent on rainfall, with irrigation works uncommon in the region. More traditional groups
that herd livestock depend on the ability to move across the landscape, which they are unable
to do when land is privately owned (Potts and Bowyer-Bower, 2004).

3.4.4 Impacts of the Shift in Precipitation Patterns

The drop in agricultural productivity as a result of below-average precipitation left people
extremely vulnerable during the 1980s and 1990s. A report released by the Southern African
Development Community (SADC, 1993) cited that 86 million people and more than 6.7
million square kilometers of land were affected by the 1991-1992 drought (Figure 21).
Shortages of food forced people to seek nourishment from new sources. Reports of people
gathering wild foods increased, as did the amount of fish catches reported on the Zambian
side of Lake Kariba (Tiffen and Mulele, 1994; SADC, 1993).
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Figure 21. Normalized rainfall anomalies, time series averages before, during, and following the change in
rainfall patterns, and timeline of events occurring in southern Africa in the years leading up to and during
the shift in precipitation patterns (Adapted from Narisma et al., in prep.).
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The shift in precipitation patterns also had serious implications for the agricultural
productivity of southern African countries. In Zimbabwe, the production of cotton, one of the
country’s major cash crops, dropped by 81.7 percent between 1988 and 1992. Maize, the
country’s food staple, fell by 84.5 percent during this time. Such trends were echoed in other
southern African countries including Zambia and Namibia (FAOSTAT data, 2005). These
declines had major ramifications for the economies of these countries, which are largely
dependent on rain-fed agriculture. Zimbabwe’s GDP decreased by 6 percent in response to
the particularly severe years of 1991 to 1992 (Unganai et al., 2005).

The shortages of food also had implications for the health of the people living in the region.
In a study of the children entering a hospital in Southern Province, Zambia, the percent of
underweight children increased by 21.3 percent between January of 1990 and May of 1993,
peaking at 68.1 percent in December of 1992 (Tiffen and Mulele, 1994). Major famines were
averted, however, through the dissemination of emergency relief. This required the
involvement of the international community, who responded to declarations of national
emergencies and requests for aid made by the governments of such countries as Namibia,
Zambia, Zimbabwe, and Malawi. Several southern African countries also made requests for
international aid in 1994 to1995 as a result of drought (Dilley, 2000).

While the magnitude of precipitation anomalies were slightly more severe in 1994/1995, the
abruptness of the decline in rainfall between 1990 and 1991 seemed to have a greater impact
on the agricultural productivity of the affected regions. As previously discussed, the openness
of the region to international aid allowed populations to circumvent widespread famine.
However, the impact of the shift in precipitation patterns was mostly likely longer in scope as
the event had negative consequences for the national economies of affected countries,
something that would require time to recover from.

3.5 Other Regions

In addition to northern Mexico, the Former Soviet Union, and southern Africa, a number of
other regions including southeastern Australia, northeastern India, and eastern China have
experienced abrupt and persistent decreases in precipitation during the twentieth (Narisma et
al., in prep). The shift in precipitation patterns occurred over southeastern Australia between
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the late 1930s and mid 1940s caused widespread bushfires in 1939. The flows of the Hunter
and Hawkesbury Rivers were also affected as a result of decreased precipitation (AG BOM,
2005).

In India, prolonged below-average precipitation occurred during the mid-1960s. This event
resulted in reduced agricultural productivity in several states, most notably in Bihar. The
government’s delayed response to reduced agricultural productivity led to a severe famine
that left over thirteen million people vulnerable (Brass, 1986).

The 1920s were exceptionally dry for several states in eastern China. Severe famines resulted
in the death of approximately four million people in the regions receiving prolonged, belowaverage precipitation (Liang et al., 2003). An account of the extended drought in the Shaanxi
province reported that “Whole villages have been depopulated by death or desertion of
homes and the surrounding country is as bare of vegetation as a desert” (The New York
Times, 1929). Evidence of the decrease in annual precipitation can also be seen in the
diminished flows of the Yellow and Yongding Rivers, as well as in the reduced growth of
trees in Inner Mongolia (Liang et al., 2003)

4.0 Summary and Discussion
The effects of abrupt and persistent decreases in precipitation were investigated for three
social-ecological systems: Northern Mexico in the 1950s and 1960s, the Former Soviet
Union in the 1920s and 1930s, and southern Africa in the 1980s and 1990s. The responses of
the regions to the prolonged, below-average precipitation were also presented. Evidence of
the abrupt changes in precipitation patterns in tree ring, river flow, and lake level data was
highlighted.

As these case studies account for a small fraction of the regions that experienced sudden and
persistent decreases in precipitation, the impacts that they endured and responses that they
exhibited cannot be taken as a representation of all of the regions detected by Narisma et al.
(in prep.). Rather, the case studies demonstrate possible effects of abrupt and prolonged
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below-average precipitation, as well as convey how pervasive the impacts of such sudden
shifts in climate patterns can be for a social-ecological system.

4.1 Agricultural Systems: Impacts and Resilience

Still, several important relationships emerged. For example, the agricultural productivity
declined in at least part of each region considered. A lack of precipitation contributed to the
lower yields exhibited in those regions that were dependent on rain-fed agriculture. The
magnitude of the impact of the below-average precipitation on crop yields was, however, also
shaped by the political dynamics of the social-ecological systems studied. In northern
Mexico, government investments improved the ability of certain states to cope with reduced
rainfall. The agricultural productivity in Sonora was able to increase during the years of
below-average precipitation, whereas the agricultural productivity in states that did not
receive significant investments in irrigation works declined, forcing large numbers of people
to migrate elsewhere in search of income.

In contrast, the resilience of the Former Soviet Union’s agricultural system was negatively
affected by the rigidity of the policies governing the region. The government imposed grain
quotas were not altered when productivity decreased as a result of, amongst other factors,
below-average precipitation (Davies and Wheatcroft, 2004). The lack of feedbacks between
the government, its policies, and constituents, in addition to the ecological/meteorological
aspects of the system, reduced its ability to adapt to the abrupt decrease in precipitation.

In southern Africa, while the agricultural systems were negatively affected by the belowaverage precipitation, the reduced productivity did not result in famine because of the
intervention of international aid programs. Inputs from outside of the southern African socialecological system served to increase its ability to cope with the decline in annual
precipitation. The government responded to signals from its constituents by requesting aid,
and while the response may or may not have been optimal, it was sufficient to prevent
widespread famine. The importance of fostering the communication between a government
and its people is clear from this example, especially when considered in concert with the
Former Soviet Union case study. The identification of early warning signs of drought could
serve to strengthen the feedback between a government and its constituents. For example,
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Paul (1998) found that the increased incidence of people eating wild plants is often a
precursor to drought-induced famine in North Bengal, Bangladesh. If governments pay
attention to such signals they will have an increased ability to take the proper precautions to
increase the resilience of its territory to below-average precipitation and avoid catastrophe.

4.2 Geographic Patterns

The geography of the affected regions also exhibited some similarities. The results of this
study suggest that regions with savanna and grassland/steppe as the primary potential
vegetation may be particularly vulnerable to sudden and prolonged decreases in precipitation,
as a majority of the shift in precipitation patterns studied occurred over these zones. The
results of Narisma et al. (in prep.) indicate that the events are most likely to occur in both
savanna and grassland/steppe zones, as well as evergreen/deciduous mixed forests and boreal
evergreen forests. To gain a well-rounded understanding of the impacts of the potential
precipitation regime shifts, it would be important to consider case studies in the other
potential vegetation zones that were shown to be important in Narisma et al. (in prep.).

A majority of the events in northern Mexico and the Former Soviet Union occurred over
regions receiving an average of approximately 635 mm or less of precipitation each year. In
southern Africa, however, most of the event affected regions with an annual precipitation of
between approximately 875 and 1020 mm. Regions receiving between 500 and 1000 mm of
precipitation per year are generally considered to be subhumid (Strahler and Strahler, 1997).
In addition, much of the below-average precipitation occurred over lands with either no or a
low level of cultivation. However, in the Former Soviet Union, while nearly half of the lands
affected by the change in precipitation had between 0 and 10 percent crop cover, the other
half occurred over some of the most important agricultural lands of the state including the
Volga region (Wheatcroft, 2004). The shift in precipitation patterns thus contributed to a
decrease in agricultural productivity, which led to a severe famine. To gain a deeper
understanding of the impact of the decrease in precipitation, it is important to consider the
relative importance of the cultivated lands affected. While the event may not be concentrated
on cultivated lands, if areas that are affected contribute a significant portion of people’s food
resources, the impact of the event may be high.
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4.3 Ecological Components

The magnitude of the impact of the changing precipitation patterns can also be seen in the
ecological components of the systems considered. Using environmental indicators
complemented qualitative descriptions by providing a more quantitative way to consider the
impact of the changes in precipitation patterns for the affected regions. In addition, they
demonstrated the effect that the shifts can have on the ecological components of systems.
While tree ring estimates can be conservative, they clearly indicate the shift that occurred
over northern Mexico during the 1950s and 1960s. Rivers and lakes were also good
indicators of anomalously low precipitation. In both southern Africa and the Former Soviet
Union, the level of two important waterbodies experienced abrupt declines with the onset of
the change in precipitation patterns. In Zambia, this impacted the ability of the hydrological
system to provide services, which can be seen in the reduction in energy available from
hydropower plants as a result of the lowered lake levels.

4.4 Resilience and Sustainability

The presented case studies demonstrate how external perturbations such as sudden and
prolonged changes in regional precipitation patterns can impact a social-ecological system’s
ability to sustain into the future in a desirable way. Unlike systems that respond to
perturbations gradually, systems with alternate regimes do not have as much of an
opportunity to adapt to external forcing. It is thus critical when managing for the
sustainability of a system with alternate regimes that its resilience to external forcing be
maintained. Such resilience management should prevent the system from switching into an
undesirable configuration (Walker et al., 2002).

According to Walker et al. (2002), one important step in managing for resilience, or in other
words, sustainability, is to identify the key components that drive a social-ecological system.
The results of this study indicate that in the case of precipitation regime shifts, agricultural
productivity is such a core component. Its decline impacts many other components including
economic growth and the health of the affected population. In their analysis of the
implications of climate change for Africa, Desanker et al. (2001) recommend that research on
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techniques to improve the adaptability of agricultural systems to climate change be carried
out. However, such research is also important in other regions that may be vulnerable to
abrupt and persistent changes in precipitation. Implementing policies that support such key
components should improve the ability of societies to sustain in a desirable way in the event
of abrupt climate change.

In addition to research on the adaptability of agricultural systems, further research should be
carried out on regions that did not exhibit strong responses to the changes in precipitation
detected by Narisma et al. (in prep.). The present study concentrated on regions that
exhibited a significant response to such shifts. While much can be learned about systems that
are vulnerable to precipitation regime shifts from this approach, a great deal more could be
learned by also considering those regions and social-ecological systems that did not exhibit
any obvious response. Studying these regions could shed light onto those systems that are
resilient to precipitation regime shifts, especially when compared with the systems that were
adversely affected by the abrupt and persistent changes. Doing so may provide clues to the
qualities that make a social-ecological system more robust in the event of a precipitation
regime shift, and could serve to further focus resilience management efforts.

Finally, this investigation highlights the importance of integrating multiple disciplines when
studying the dynamics of abrupt and persistent changes in climate. The full impact of
changing precipitation patterns would not have been captured if only social or ecological
components were considered. For example, the causes of the famine in the Former Soviet
Union cannot be understood by considering only political or meteorological factors. As
abrupt and persistent shifts in precipitation affect many aspects of social-ecological systems,
they need to be studied from many angles.

5.0 Conclusions

Understanding the impact that sudden and persistent decreases in regional precipitation
patterns have had in the past should help resource managers and policy makers begin to
develop strategies to deal with possible abrupt changes in the future. Reduced agricultural
productivity was the most consistent and significant direct impact of the shifting precipitation
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patterns reviewed in this study. The decrease in agricultural productivity affected many other
components of the social-ecological systems under review, and caused, for example, famines
in the Former Soviet Union, reduced economic growth in southern Africa, and migrations in
northern Mexico. Irrigation did, however, serve to buffer the impacts of anomalously low
precipitation on agricultural productivity in northern Mexico. This demonstrates the
importance of studying techniques that may help agricultural systems adapt to abrupt changes
in climate.

The political dynamics of the regions considered greatly shaped the impact that the abrupt
and persistent changes in precipitation had on the associated social-ecological systems. In
northern Mexico, government investments in irrigation infrastructure helped certain regions
cope with the below-average precipitation. In contrast, the rigid agricultural policies of the
Former Soviet Union resulted in a reduced ability of the region to adapt to the changing
precipitation patterns. In southern Africa, international aid requested by national governments
was found to be helpful in mitigating the effects of below-average rainfall.

In addition, there were similarities in the geography of the regions studied in that most of the
precipitation changes occurred over areas dominated by savanna and/or grassland/steppe
potential vegetation zones. It is possible that these regions may be particularly vulnerable to
sudden and prolonged changes in precipitation patterns.

Lastly, this study conveys the importance of integrating multiple disciplines when studying
abrupt climate change. Integrating such knowledge should help in the development of
strategies that increase the resilience of social-ecological systems to sudden and prolonged
changes in precipitation patterns, and that will in turn make it more possible for societies to
persist into the future in a sustainable and desirable way.
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Appendix 1
Region
Central Canada
Northwest US
Central US
Central Western Canada
Northern Mexico, Southern US
Southeastern US
Eastern US
Florida
Eastern Australia
Southern Africa
East Africa
Sahel
Southeast Africa
Southwest Africa
Central India
Northeast China
Eastern China
North Central China
West India, Bangladesh
Mongolia
India, Gujarat region
Sweden
Portugal
France
Italy
Eastern Europe
Northwest Brazil, Colombia
Former Soviet Union
Former Soviet Union
Iran

Years
1918-1948
1918-1939
1918-1939
1942-1954
1949-1958
1950-1955
1961-1968
1987-1993
1935-1945
1930-1933
1945-1957
1976-1996
1987-1996
1989-1996
1904-1915
1925-1933
1923-1935
1957-1968
1958-1968
1975-1989
1985-1988
1903-1919
1946-1957
1942-1956
1945-1951
1980-1994
1984-1992
1903-1928
1929-1951
1962-1966

Regions and years of potential precipitation regime shifts
detected by Narisma et al., in prep..
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Appendix 2

Percent deviation of precipitation from the mean of the time series in
Average precipitation over northern Mexico (Adapted from Narisma
northern Mexico between 1940 and 1960. (Adapted from Narisma et al., et al., in prep., and Mitchell et al., 2003)
in prep.)

Backcasted crop cover of northern Mexico in 1956 (Adapted from
Ramankutty and Foley, 1999)

Potential vegetation types of northern Mexico (Adapted from
Ramankutty and Foley, 1999) (See Table 2 for Potential Vegetation Types)
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Percent deviation of precipitation from the mean of the time series in
the Former Soviet Union between 1920 and 1940. (Adapted from
Narisma et al., in prep.)

Average precipitation over the Former Soviet Union (Adapted from
Narisma et al., in prep. And Mitchell et al., 2003).

Backcasted crop cover of the Former Soviet Union in 1934 (Adapted
from Ramankutty and Foley, 1999)

Potential vegetation types of the Former Soviet Union (Adapted from
Ramankutty and Foley, 1999) (See Table 2 for Potential Vegetation Types)
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Percent deviation of precipitation from the mean of the time series in
southern Africa between 1980 and 2000. (Adapted from Narisma et al.,
in prep.)

Average precipitation over southern Africa (Adapted from
Narisma et al., in prep., and Mitchell et al., 2003)

Backcasted crop cover of southern Africa in 1991 (Adapted from
Ramankutty and Foley, 1999)

Potential vegetation types of southern Africa (Adapted from
Ramankutty and Foley, 1999) (See Table 2 for Potential Vegetation Types)
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Assigned
Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Corresponding Potential
Vegetation Type
Tropical Evergreen
Forest/Woodland
Tropical Deciduous
Forest/Woodland
Temperate Broadleaf Evergreen
Forest/Woodland
Temperature Needleleaf
Evergreen Forest/Woodland
Temperature Deciduous
Forest/Woodland
Boreal Evergreen
Forest/Woodland
Boreal Deciduous
Forest/Woodland
Mixed Forest
Savanna
Grassland/Steppe
Dense Shrubland
Open Shrubland
Tundra
Desert
Polar desert/Rock/Ice

Table 2. Potential vegetation types corresponding
with assigned numbers (Adapted from Ramankutty
and Foley, 1999)
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