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Abstract In 2011, drought in the Horn of Africa again
made news headlines. This study aims to quantify the me-
teorological component of this and other drought episodes
in Ethiopia since 1971. A monthly precipitation data set for
14 homogeneous rainfall zones was constructed based on
174 gauges, and the standardized precipitation index was
calculated on seasonal, annual, and biannual time scales.
The results point to 2009 as a year of exceptionally wide-
spread drought. All zones experienced drought at the annual
scale, although in most zones, previous droughts were more
extreme. Nationally, 2009 was the second driest year, sur-
passed only by the historic year 1984. Linear regression
analysis indicates a precipitation decline in southern
Ethiopia, during both February—May and June—September.
In central and northern Ethiopia, the analysis did not provide
evidence of similar tendencies. However, spring droughts
have occurred more frequently in all parts of Ethiopia during
the last 10-15 years.

1 Introduction

As reported by news media and aid organizations, the recent
drought in the Horn of Africa has had devastating conse-
quences. The year leading to June 2011 has been claimed to
be the driest in 60 years in some regions of Somalia,
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northern Kenya, and southern Ethiopia (USAID/FEWS
2011). Considering Ethiopia, how does the recent meteoro-
logical situation compare with previous droughts? In a
gauge-based precipitation data set for 14 Ethiopian rainfall
zones during 1971-2011, 2009 was the second driest year
nationally, surpassed only by the catastrophic 1984 drought.
In southern Ethiopia, the data indicate that there has been a
general decline in precipitation during this period.

Ethiopia is frequently portrayed as a drought-stricken
country, both in the media and the scientific literature
(McCann 1990). A brief Internet search for drought in
Ethiopia during 1999-2011 produced hits at news media
and aid organizations for every year, except 2001 (e.g.,
Bhalla 2000; Addis 2009; CERF 2006; Nebehay 2011). As
many of these reports are spot interviews in local commu-
nities, two factors may distort the meteorological informa-
tion provided: the climatic diversity of Ethiopia and the
difference between meteorological, hydrological, agricultur-
al, and socioeconomic drought.

In the news media, the words famine and drought are
used almost interchangeably (McCann 1990), not taking
into account that famines are as much social as natural
disasters (Sen 1981; Torry 1986; Webb et al. 1992;
Conway and Schipper 2011; Broad and Agrawala 2000).
Webb et al. (1992), referring to Harrison (1988), noted that
although 21 countries in Sub-Saharan Africa experienced a
severe drought in 1984/1985, only a handful of these
countries suffered famine. Drought-related famine is the
result of several factors, where the lack of precipitation is
only the first (Webb et al. 1992). This means that famine, in
itself, cannot be taken as evidence of drought, while it is also
not possible to assess the role of societal conditions without
knowledge of the extremeness of the precipitation deficits.

The fact that the mean annual precipitation in parts of the
Ethiopian highlands exceeds 2,000 mm (Griffiths 1972)
may make the impression of Ethiopia as a dry country seem
paradoxical. In the other end of the scale, arid/semiarid
regions in the lowland receive a meager 300 mm. From
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the conditions on the ground, it may be difficult to distin-
guish between a dry climatology and drought in the sense of
abnormally little precipitation. The strong seasonality of
precipitation adds to the confusion. A dry summer season
has more severe effects in the north than in the south, where
not much rain can be expected to fall at that time of the year
(Griffiths 1972; Korecha and Barnston 2007). In this study,
the term drought is reserved for precipitation deficits that are
outside of the normal range. It does not take into account
that some regions may have generally dry or frequently
varying conditions.

The incomplete link between precipitation and water
availability also blurs the picture. In addition to hydrological
factors such as evaporation and runoff, social constructions
affect the amount of available water per capita (Mishra and
Singh 2010). Due to the high population density, there are
regions in the Rift Valley and the central Ethiopian high-
lands that must be considered extremely water-limited, de-
spite annual precipitation of more than 1,000 mm (Funk et
al. 2005).

Such increasing water demands may be interpreted as a
reduction in precipitation. Farmers in northern Ethiopia
claim to have shifted to more drought-resistant crops due
to declining rainfall during the last couple of generations
(Meze-Hausken 2004). However, there is little evidence for
precipitation trends in this region, neither in seasonal pre-
cipitation amounts nor in the frequency and intensity of
extreme events (Meze-Hausken 2004; Seleshi and
Camberlin 2006; Seleshi and Zanke 2004; Bewket and
Conway 2007). On the other hand, precipitation declines
in southern and eastern Ethiopia have been documented,
most strongly for the spring season (Seleshi and Camberlin
2006; Seleshi and Zanke 2004; Williams and Funk 2011;
Funk et al. 2008).

Using gauge observations through May 2011, we present
updated trend analyses for two separate regions: southern
Ethiopia, which relies most strongly on the spring
(February—May) rains, and central and northern Ethiopia,
where the summer (June—September) is the main rainy sea-
son. In addition, the aim of this study has been to quantify
the meteorological severity and rank of historic drought
episodes. The standardized precipitation index (McKee et
al. 1993) is used as a drought measure in each of 14
Ethiopian rainfall zones. Drought-related famines in
Ethiopia have been documented from 253 Bc till the 1990s
(Degefu 1987; Webb and Braun 1994; Webb et al. 1992)
and supplemented by precipitation studies for the last dec-
ades (Korecha and Barnston 2007; Segele and Lamb 2005;
Seleshi and Zanke 2004; Williams and Funk 2011), as well
as local and regional drought studies (Gebrehiwot et al.
2011; Bewket and Conway 2007; Edossa et al. 2010). But
a regional and nationwide comparison of the precipitation
during different drought episodes is still missing. We will

@ Springer

discuss the following years: 1972—1975, 1984, 1987, 1990—
1992, 1999-2000, 2002-2003, and 20082011, with em-
phasis on the most recent event.

2 Data and methods

The 14 homogenous rainfall zones described in Korecha and
Sorteberg (submitted to the International Journal of
Climatology, 2012) were used to represent different parts
of Ethiopia. Monthly precipitation for each zone was calcu-
lated for 1972-2011, and the standardized precipitation
index (McKee et al. 1993) was used to identify droughts
during this period. The standardized precipitation index
(SPI) is a statistical measure indicating how unusual an
event is, making it possible to determine how often droughts
of a certain strength are likely to occur. SPIs may also be
compared directly between different locations. However, the
practical implication of an SPI-defined drought, the devia-
tion from the normal amount of precipitation, will vary from
one place to another. In order to address this question, the
percentage of the normal amount of precipitation was also
calculated for periods of SPI-defined drought.

All drought measures were calculated based on accumu-
lated precipitation at several time scales. Long-time drought
was considered at time scales of 12 and 24 months, and the
4-month indices for May and September were used to de-
scribe the spring and summer seasons, respectively.

2.1 Precipitation data
2.1.1 Gauge-based zone precipitation

Korecha and Sorteberg (submitted to the International
Journal of Climatology, 2012) identified 14 homogeneous
rainfall zones covering all of Ethiopia, and details of the
different zones may be found there. In Fig. 1, these zones
are plotted in a vegetation map. Ethiopia is located in the
inner part of the Horn of Africa, within 3—15° N and 33-48°E,
with Eritrea to the north, Djibouti to the east, Sudan to the
west, Kenya to the south, and Somalia to the south and east.
The Ethiopian plateau, constituting most of the green area in
the vegetation map, is divided by the Rift Valley, running
southwest—northeast, from zone I through parts of zones X-
A, IX, VIII, VII, and XII-B.

For each zone, a time series of monthly precipitation for
January 1970-May 2011 was made, based on monthly data
for 238 gauge stations obtained from the National
Meteorological Agency of Ethiopia. First, the monthly cli-
matology of each station was calculated and averaged over
the stations in the zone to produce the zone climatology.
Similarly, station anomalies were calculated for each month
in the record, using the fraction of the climatological values
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Fig. 1 Ethiopian climate zones
and stations (markers: white
used for climatology, red for
time series). Background
satellite photo: NASA/
www.maplibrary.org

at each station, and these values were averaged to produce a
time series of zone anomalies. The anomaly series was then
multiplied by the zone's climatology to obtain a time series
of monthly precipitation in the zone.

When calculating the climatology of the zones, only
stations having data for at least 50 % of each calendar month
during the reference period 1971-2000 were used. For sta-
tions to be used in the subsequent anomaly calculations, the
corresponding requirement was set to 70 %. As a result, 174
stations were used in the climatology, and 132 stations in the
time series. Due to the spread of observations, shown in
Fig. 1, the number of stations differs from zone to zone and
month to month, ranging from one in the southwestern
lowlands (zone V) to a maximum of 40 in the central high-
lands (zone IX).

In five cases of single months with missing data in one of
the zones, the anomaly fraction from that neighbor zone
with the most similar seasonal cycle was used to estimate
monthly precipitation for this zone. The main purpose of
this filling was to avoid long-lasting gaps in the accumulat-
ed 12- and 24-month precipitation used in the SPI calcula-
tions. Apart from this, missing data were not adjusted.

Precipitation trends for 1971-2010 were calculated for
two regions: One consisting of the zones where the northern
hemisphere summer, June—September, is the main rainy
season and one of zones where spring, February—May, is
the main rainy season. For each of these regions, and na-
tionally, the monthly precipitation in each zone was weight-
ed by the area of the zone and averaged to produce the
regional mean precipitation. For each region, and for the
country as a whole, trend analysis was performed for the
summer and spring seasons used to define the regions, as
well as for the fall season, October—December.

Trend lines were estimated by linear regression, using
the least squares method, and the slope of the regression
line tested at the 0.05 level of statistical significance.
Bootstrapping was also used to calculate a mean slope
value and the 95 % confidence interval. Two

I: NE Rift Valley

lI: NE Highlands

llI: N Highlands

IV: NW Highlands

V: SW Lowlands

VI: SW Rain Forest
VII: S Rift Valley

VIII: Central Rift Valley
IX: Central Highlands
X-A: E Highlands
X-B: E Highlands

XI: S Highlands
XIl-A: SE Lowlands
XIlI-B: S Lowlands

nonparametric tests were applied to test the significance
of the slope: the Spearman's rho test and the Mann—
Kendall test. As the power of these tests in detecting
trends is similar (Yue et al. 2002), and no practical
differences between them appeared in our results, only
the outcome of Spearman's rho test will be shown.

2.1.2 Global Precipitation Climatology Project

Data from the Global Precipitation Climatology Project
(GPCP) (Adler et al. 2003; Huffman et al. 2009) was used
for comparison with the zone data in selected years. This is a
merged data product that incorporates precipitation esti-
mates from satellite microwave and infrared data and sur-
face rain gauge observations. Version 2.2 of the monthly
data, with a resolution of 2.5° latitude and longitude, was
used.

2.2 ERA-Interim reanalysis data

ERA-Interim reanalysis data were used to describe anoma-
lies in the moisture flux field in the spring and summer of
2009. ERA-Interim is produced by the European Centre for
Medium-Range Weather Forecasts at a resolution of about
0.75° latitude and longitude, with 60 vertical levels and a 4-
D variational assimilation system (Simmons et al. 2006;
Uppala et al. 2008; Berrisford et al. 2009). The ERA-
Interim vertically integrated moisture flux was calculated
by the Climate Analysis Section at the National Center for
Atmospheric Research, using methods described in
Trenberth et al. (2002).

2.3 Classifying drought using the standardized precipitation
index

The SPI (as described by McKee et al. 1993) was used to

define drought periods. Requiring only precipitation as in-
put, the SPI covers a variety of time scales and allows
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comparison of drought severity both between periods in
time and between different locations. Drying soil is the
result of several factors, where precipitation is only the first.
More complicated drought indices, like the Palmer Drought
Severity Index (Palmer 1965) may be favored in regions
where the variability in evapotranspiration is high. On the
other hand, the introduction of evapotranspiration rates
introduces another element of uncertainty into the calcula-
tions (Lloyd-Hughes and Saunders 2002). It is important to
acknowledge that drought conditions may be modified by
evapotranspiration, but as the variability of precipitation is
often greater than the variability of evapotranspiration
(Ntale and Gan 2003), drought indicators based purely on
precipitation give a good overall view of the situation. In
regions like Ethiopia, where the access to data is limited,
there are good reasons for choosing a precipitation-based
drought measure.

McKee et al. (1993) defined the following four drought
categories: mild drought (SPI between 0 and —0.99, occur-
ring 24 % of the time), moderate drought (SPI between —1.00
and —1.49, occurring 9.2 % of the time), severe drought
(—=1.50 to —1.99, occurring 4.4 % of the time), and extreme
drought (SPI —2.00 or less, occurring 2.3 % of the time). A
drought event may then be defined as a period during which
the SPI is continuously negative and reaches a value of —1 or
less at one or more time steps. Drought begins when the SPI
first falls below zero and ends with the first positive value
(McKee et al. 1993).

The SPI may be calculated at any time scale, depend-
ing on which effect of drought one wishes to detect.
Edwards and McKee (1997) suggested using 3-month
accumulated precipitation in the SPI for a short-term or
seasonal drought index, a 12-month SPI for an
intermediate-term drought index, and 48 months for a
long-term index. In this study, SPIs were calculated for
intermediate- to long-term periods of 12, 24, and
48 months. To assess seasonal drought, the 4-month
accumulation was calculated for May and September,
as this is the most commonly used of the definitions
of the spring and summer seasons in Ethiopia.

2.3.1 Defining and calculating the SPI

A simple way to describe precipitation anomalies, is to use a
standard Z-score,

where x is the observed precipitation value, and X and s the
mean and standard deviation, respectively, over a defined
period. Z is the number of standard deviations that the
observation is from the normal, assuming that the observa-
tions are normally distributed.
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Precipitation is normally not normally distributed, and
McKee et al. (1993) proposed a simple solution to this
problem by applying a gamma transformation to the distri-
bution. First, the gamma distribution is fitted to the observed
precipitation. The SPI values are then assumed to be nor-
mally distributed and are found by comparing two cumula-
tive distribution functions: that of the gamma-distributed
precipitation and the normally distributed SPI values. The
SPI of a specific observation of precipitation is the standard
deviation of the normal curve at the same cumulative prob-
ability level as the precipitation.

This principle is illustrated in Fig. 2. The left panel
shows a histogram made from example observations of
precipitation, as well as the gamma probability function
fitted to the distribution. The panel in the middle shows
the corresponding empirical and theoretical cumulative
probability distributions. To the right is a graph of the
cumulative probability of the normal distribution. The
SPI of a specific precipitation value is found by going
from the gamma cumulative distribution function (CDF)
to the normal CDF at the same cumulative probability
level (arrow). The SPI is then the number of standard
deviations from the mean of the normal distribution.

The procedure described in Edwards and McKee (1997)
was used for calculating SPIs, using monthly zone precipi-
tation as input. To determine the SPI for a specific zone,
precipitation was summed over the time scale of interest,
separately for each month—up to and including this month.
For, e.g., a 3-month SPI, each value in the input record is the
sum of this month and the two previous months. A gamma
distribution is then fitted to the set of three-monthly values
of accumulated precipitation.

The gamma probability distribution function is defined as

X1 efx/ B

X) = ———

where x is precipitation, « is the shape parameter, [ is the
scale parameter, and I{«) is the gamma function,

forx >0,

o0
F(a):/ e 't* dt.
0

The corresponding cumulative probability of a specific
amount of precipitation, x, occurring for a given month and
time scale is given by

G(x) = /0 " o(x)dx.

The gamma distribution parameters were calculated as
maximum likelihood estimates using Matlab.

As the gamma distribution is defined only for x>0, any
observations of zero precipitation must be treated separately.
Let g be the probability of a zero, defined as the ratio of the
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Fig. 2 Calculating the SPI. a Bar histogram of a sample distribution of
monthly precipitation, with the number of occurrences in each of nine
equally spaced precipitation classes. The red curve is the gamma
probability distribution function fitted to these data. b The empirical
cumulative probability distribution of the same data (markers), with the
corresponding cumulative distribution function (CDF) of the fitted
gamma function (red curve). ¢ CDF of the standard normal distribu-
tion. As indicated by the arrows in b and ¢, the SPI of a specific

number of zeros to the total number of observations. Then,
the cumulative probability of a specific amount of precipi-
tation is given by

H(x) =g+ (1 -q)G(x).

2.3.2 Representativeness of the SPI as a measure of drought

The SPI benefits from being simple to calculate, depending
only on precipitation, but the method also has some short-
comings. The main ones are that it is a purely statistical
measure, that it depends on the assumptions of gamma-
distributed precipitation and normal-distributed SPIs, and
that records with low climatological precipitation may give
misleading results.

As described by McKee et al. (1993), the SPI is uniquely
related to probability. This is one of its main benefits, as
specific values will be reached at specific frequencies,
allowing comparison across time and space. The assumption
that the SPI values are normally distributed further
implies that wet and dry periods, as well as wet and
dry climates, will be represented in a similar way. On
the other hand, this also means that the SPI may not be
used to identify regions that are more drought-prone
than others. The frequency of extreme drought is the
same for all regions, wet or dry.

The SPI may be altered by fitting other distribution
functions than the gamma function to the precipitation data.
Guttman (1999), testing various functions (two-parameter
gamma, three-parameter Pearson type III, three-parameter
generalized extreme values, four-parameter kappa, and five-
parameter Wakeby), concluded that the Pearson type 11l was
the best universal model, as it performed well for both wet
and dry events. For dry events, however, their assessment
showed that there was little difference in the number,

4 210 2 4

precipitation value may be found graphically by locating the gamma
CDF value corresponding to this precipitation and go to the same level
of the normal CDF (horizontal arrow). The SPI is then the standard
deviation of the normal distribution at this level, found at the horizontal
axis; in the example equal to —1. This is equivalent to fitting a gamma
function to the data and then assume that the SPI describing them is
normally distributed

duration, intensity, or regional variation of the events as
portrayed by the distributions compared.

Ntale and Gan (2003) compared different drought indices
for East Africa, concluding that a modified SPI was the best
indicator for monitoring East African droughts. Their mod-
ifications included replacing the gamma distribution with a
plotting position formula to describe the cumulative proba-
bility distribution of precipitation. Finding the normality
assumption of the SPI to be a less good approximation on
time scales of 6 months or shorter, they used the Pearson
type III distribution to describe the SPIs. The downside of
this procedure is that it generates a drought classification in
which the SPI range of each category varies with the time
scale of the drought.

In dry regions, and regions where precipitation is pre-
dominantly seasonal, the statistical nature of the SPI may
produce results that are easily misinterpreted, or have limit-
ed value, especially on shorter time scales. In the highlands
of Ethiopia, the northern hemisphere summer is the main
rainy season, whereas the northern hemisphere winter is
mainly dry (Griffiths 1972; Korecha and Barnston 2007).
In a running 3-month SPI, small absolute deviations in
winter precipitation will generate more extreme SPI fluctua-
tions than larger absolute deviations in summer precipitation.
The implications of a lack of rain during summer are clearly
much more severe. On the other hand, even though the SPI is
theoretically unbounded, the existence of zeros in the precip-
itation records introduces a lower bound (Wu et al. 2007).

According to Guttman (1999), the number of data points
also limits the range of the SPI, and SPIs with time scales
longer than 24 months may be unreliable. McKee et al.
(1993) recommended using record containing at least
30 years of data when calculating the SPI. Comparing scale
of ~30 and ~100 years, Wu et al. (2005) concluded that
different lengths of records could give different results,
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especially for long time scales and especially when evaluat-
ing the severity of severe droughts.

Despite the limitations of the gamma-based SPI, there
are good reasons for using it as a drought indicator, one
of them being that it is easily calculated and easily
interpreted. An analysis of the physical meaning of the
parameters (« and ) in the gamma distribution in
African climates is presented in Husak et al. (2007).
Regions are described on a monthly basis as either
scale-dominated, with variable rain and more extreme
events, or shape-dominated, with consistent rain and
fewer extreme events. Overall and for all months, they
find the gamma distribution to be suitable for roughly
98 % of the cells in a 0.1° grid over Africa.

3 Regional variations and the seasonal precipitation
cycle

In Ethiopia, the elevation ranges from 130 m below sea level
in the dry Denakil depression in the northeastern lowlands
(zone 1, Fig. 1) to 4,550 m above sea level on Ras Dashen in
the northern highlands (zone IIT). The climatological varia-
tion is correspondingly large, both in total precipitation
amounts and in the seasonality of the precipitation. As
shown in Fig. 1, the vegetation goes from arid/semiarid in
the lowlands in the southeastern lowlands (zone XII-A) and
northeastern Rift Valley (zone 1), to lush green in the high-
lands and part of the Rift Valley cutting through them, from
the southwest to the northeast. The vegetation map reflects
the distribution of precipitation. As shown in Fig. 3, the
annual precipitation ranges from less than 300 mm in the
northeastern and southeastern lowlands (zones I and XII-A)
to more than 1,700 mm in the southwestern rain forest (zone
V).

The seasonal precipitation cycle varies mainly from the
southeast to the northwest, as seen by comparing the sea-
sonal share of the annual precipitation, in the lower panel in

Jan Feb Mar Apr May  Jun Jul

Aug Sep Oct Nov  Dec

Fig. 3. The northern hemisphere spring season, February—
May, plays a role in most of the country, with shares of the
annual precipitation ranging from 12 % in the northwestern
highlands (zone IV) to 62 % in the southeastern lowlands
(zone XII-A). In the three southernmost zones, spring is the
wettest season. The spring rains are important not just for
the spring crops, accounting for 5-15 % of the national food
crop, but also for improving pasture for livestock and for the
planting of long-season crops that are harvested in
September—December (Degefu 1987; Funk et al. 2003;
McCann 1990). The interannual variability of the spring
rains is higher than the summer rains, and on resource-
poor farms, the spring crop may be what determines whether
the annual productivity reaches the critical margin (McCann
1990).

June—September is the main rainy season in the rest of the
country, contributing to more than 70 % of the annual
precipitation in the north and northwest (Fig. 3). About
85-95 % of the Ethiopian food crop is produced in this
season (Degefu 1987). In the northern highlands (zone III),
a substantial part of the annual precipitation falls in July—
August (Fig. 3). This is the time when the tropical rain belt
associated with the intertropical convergence zone is at its
northernmost position, above northern Ethiopia and Eritrea
(Leroux 2001; Degefu 1987).

The only region where June—September cannot be con-
sidered a rainy season, is in the southern and southeastern
lowlands (zones XII-A and XII-B). In addition to spring,
October—November is important in the south and southeast,
providing 20-26 % of the annual precipitation. The actual
amount of precipitation falling in October—November is as
high, or higher, in parts of the highlands as in the dry
lowlands. Still, in the highlands, both the spring and the
summer precipitation exceed that of October—November
(Fig. 3). Together with December—January, this is mainly a
harvest season (Degefu 1987).

During December—January, no part of the country
receives more than 6 % of the annual precipitation, in

Annual

m bbbt & e 6. &

Dec-Jan
Fig. 3 The seasonal precipitation cycle in Ethiopian rainfall zones:

1971-2000 monthly mean precipitation [in millimeters] (first row; lefi
colorbar), annual [in millimeters] (first row; middle colorbar), and
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several zones as little as 1 % (Fig. 3). The rain that occa-
sionally falls during these months is important for grazing
cattle, and the absence such rainfall in 1983—-1984 marked
the beginning of catastrophic 1984 drought (Degefu 1987).
However, as these months are generally dry, they constitute
a barrier between the growth seasons. Thus, it is practically
meaningful to consider the 12-month accumulated precipi-
tation at the end of the year as a collective drought measure
for the year.

4 Comparison of drought episodes

Drought has occurred at different times in different parts of
Ethiopia. This is partly a result of the variation in the
seasonal precipitation cycle; as discussed in Section 3, the
impact of missing rain during spring or summer is not the
same in all zones. Webb et al. (1992) identifies the southern,
southeastern, and northeastern parts of Ethiopia as most
often affected by drought and famine. This is equivalent to
zones 1, II, VI, XII-A, and XII-B and parts of VII, X-A, X-
B, and III. Three factors are mentioned as differing in these
regions, compared to the rest of the country: population
pressure, agro-ecological resource base, and climate (Webb
et al. 1992). In the first part of this section, the standardized
precipitation index is used to assess the severity of drought
episodes during 1972-2011. Then, the most severe year
during the last decade, 2009, is discussed in more detail.

When discussing drought, precipitation anomalies during
seasons with low mean precipitation in each zone will not be
taken into account. This does not mean that less than normal
precipitation at this time of the year is without consequen-
ces, e.g., for specific crop types, but that precipitation defi-
ciencies during the dominant rainy seasons have a much
larger impact. The timing of the onset and cessation as well
as the frequency and duration of dry spells during the season
also have an impact on the effect of Ethiopian droughts
(Segele and Lamb 2005). This question has not been
addressed, as only monthly precipitation data were
available.

4.1 Severity of drought episodes since 1971

Mild drought occurred in parts of the Rift Valley and the
northeastern highlands at the end of 1971. But 1971 was not
particularly dry, and data for this year have not been includ-
ed in Fig. 4, showing the 12-month SPI in December in each
of the zones during 1972-2010. The rank of the SPI is the
same as the rank of the annual precipitation. As the maps
indicate, well-known drought episodes are associated with
different degrees of severity on the SPI classification scale
described in Section 2.3. Some years, like 1984, 2002, and
2009, were dry in most of Ethiopia, whereas other episodes,

like the drought in the south in 1999-2000, affected more
limited regions. Similar to the annual values in Figs. 4, 5,
and 6 show 4-month SPI values in May and September,
representing spring and summer, respectively.

SPI values are statistical expressions of the severity of a
drought, relative to how unusual each drought level is. It is
not possible to infer anything about the amount of missing
water from SPI values. As a measure of the precipitation
deficiency, Fig. 7 shows the percentage of the annual pre-
cipitation corresponding to the annual SPI droughts in
Fig. 4. The relative reduction of precipitation in unusually
dry years is higher in dry zones like the northeastern Rift
Valley (I) and the southern (XII-B) and southeastern (XII-A)
lowlands than in precipitation-rich zones like the central
highlands (IX) and the southwestern rain forest (VI). For
example, the year 1984 was the driest in the record in both
the northeastern Rift Valley (I) and the northeastern high-
lands (II); the northeastern highlands being most extreme on
the SPI scale (Fig. 4). Still, the relative reduction in precip-
itation (Fig. 7) was larger in the northeastern Rift Valley,
which received only 18 % of the annual mean precipitation
this year, compared to 59 % in the northeastern highlands.

The following sections describe selected drought periods,
with reference to Figs. 4, 5, 6, and 7. SPI maps for every
month at time scales of 3, 4, 6, 9, 12, and 24 months have
also been examined, but are not shown. When discussing
seasonal drought, the 4-month time scale for May (spring)
and September (summer) is used, unless otherwise
specified.

4.1.11972-1975

The 1972-1975 drought may mainly be considered a com-
bination of distinct episodes, and most of Ethiopia experi-
enced moderate, severe, or extreme drought at some stage.
The most extreme single season was the spring of 1973,
which was severely or extremely dry in a band crossing the
country from the southwest to the northeast. In 6 of the 14
zones, this was one of the three driest spring seasons during
1972-2011 (Fig. 5). The following summer was not par-
ticularly dry, but 1973 still ended up among the one—five
driest years in four zones—in the eastern highlands (XII-
A), the driest, with 63 % of the annual mean precipitation
(Fig. 7). In half of the zones, this was the second drought
year in a row. In 1974 and 1975, seasonal drought oc-
curred in some zones, but the wet summer of 1975 led to
above-normal precipitation in most of the country, except
in the southeast.

4.1.2 1980-1982

During the early 1980s, drought occurred in different parts
of the country at different times. In 1980, the southeastern
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Fig. 4 Severity of droughts on the annual scale, as time series and horizontal bars represent missing values. The white numbers in the
maps for Ethiopian rainfall zones. Data: 12-month SPI for December rectangles show the rank of each year among the driest for each zone.
during 1972-2010, showing only years when there was an SPI-defined The colored dots at the horizontal axis mark years when at least one
drought, as described in the text. The small maps to the left show the zone was at its driest during the record. The row of maps below the set
location of the zones, in red. For each zone, annual SPI values are of zone time series summarizes the situation for the country from year
presented as a row of rectangles, with colors indicating the severity of to year. Well-known drought years have been marked with orange
drought relative to the SPI scale in the upper right corner. Gray under these maps

lowlands (zone XII-A) experienced severe drought at all the — 4.1.3 1984

time scales considered, with extreme drought at time scales

of 6-24 months. As shown in Fig. 4, this was the driest year =~ Webb et al. (1992) noted that when severe drought hit
in this zone. The summer of 1982 was severely dry in the  Ethiopia in 1984, the famine was already under way, as a
northern (III), northwestern (IV), northeastern (II), and cen-  result of dry episodes during the previous years. Although
tral (IX) highlands, making this the driest year in the north- 1983 was close to normal in most of Ethiopia, a dry dry-
western highlands (IV; Fig. 6). season in the winter of 1983—-1984 caused problems for
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colors indicating the severity of drought relative to the SPI scale in the
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Ethiopian rainfall zones. Data: 4-month SPI for September (i.e., based
on June—September accumulation) during 1972-2010, showing only
years when there was an SPI-defined drought, as described in the text.
The small maps to the left show the location of the zones, in red. For
each zone, summer SPI values are presented as a row of rectangles,
with colors indicating the severity of drought relative to the SPI scale

livestock and led to pastoralist movements as early as
January 1984 (Degefu 1987). Segele and Lamb (2005) also
extensively demonstrated the severity of the 1984 drought
over Ethiopia, particularly during the summer season.

As shown in Figs. 4, 5, and 6, the drought in 1984 was
severe in the northeastern half of the country, while all zones
were affected at the seasonal level. In half of the zones, 1984
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in the upper right corner. Gray horizontal bars represent missing
values. The white numbers in the rectangles show the rank of each
summer among the driest for each zone. The colored dots at the
horizontal axis mark summers when at least one zone was at its driest
during the record. The row of maps below the set of zone time series
summarizes the situation for the country from year to year

was among the three driest years, being the driest in the
northeastern Rift Valley (zone I), the northeastern highlands
(II), the central highlands (IX), and the central Rift Valley
(VII). The northeastern Rift Valley (I) received only 18 %
of its mean annual precipitation (Fig. 7), by far the highest
relative deviation in any zone during 1972-2010. The se-
verity of the 1984 drought was strengthened as all the three
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Fig. 7 Percentage of annual mean precipitation during SPI-defined,
12-month scale drought periods, as time series and maps for Ethiopian
precipitation zones, during 1972-2010. Only years when there was an
SPI-defined drought, as described in the text, are shown. The small
maps to the left show the location of the zones, in red. For each zone,
the percentage of the annual mean in each year is shown as a row of
rectangles, colored relative to the scale in the upper right corner. The
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percentage values for the five driest years in each zone are repeated as
white numbers inside the rectangles. Gray horizontal bars represent
missing values. The colored dots at the horizontal axis mark years
when at least one zone was at its driest. The row of maps below the set
of zone time series summarizes the situation for the country from year
to year. Well-known drought years have been marked with orange
under these maps
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rainy seasons were dry in those parts of the country where
they are effective. April and August were the most extreme
months, and a dry October contributed to the mild—moderate
drought in the south.

Degefu (1987) gives an account of the development of
the 1984 drought in Ethiopia, including a description of the
atmospheric circulation during spring and summer. In the
spring season, the interaction between tropical lows and
middle latitude low pressure systems was hindered by pres-
sure anomalies over the Sahara and the Arabian Peninsula.
In general, wave activity was reduced (Degefu 1987). The
ERA-Interim wind field at 700 and 850 hPa suggests that
the transport of air and moisture from the equatorial Indian
Ocean toward Ethiopia in April was reduced, and the verti-
cal velocity at 500 hPa indicates reduced convection/in-
creased subsidence over the Horn of Africa (not shown).
The tropical cyclone Kamisy, which developed over the
southern Indian Ocean in April 1984, has been blamed for
disturbing the normally northwestward flow of moisture
(Shanko and Camberlin 1998).

During the summer season, many of the characteristic
atmospheric circulation anomalies during dry Ethiopian
summers (Segele et al. 2009) may be seen in the reanalysis
fields, e.g., in August the low-level East African jet was
weaker than normal, causing less transport of moisture from
the Indian Ocean. Easterly anomalies in the 700- and 850-
hPa winds to the west of Ethiopia signifies reduced transport
from Central Africa, and southerly anomalies above north-
ern Ethiopian and the southern Red Sea indicates less trans-
port from the north. Convection was reduced, not only in
Ethiopia, but in a band reaching across the Sahel and into
the Atlantic Ocean. GPCP anomaly maps for July and
August (not shown) show that the rainbelt above Africa
was reduced or deflected southward.

4.1.4 1987

In 1987, the wettest spring season during 1972-2011 was
followed by the all-over driest summer season (Fig. 6). This
episode can be characterized as a summer drought in the
highlands, reaching extreme levels on the 4-month scale.
This was primarily caused by missing rain in July. Followed
by a dry fall, and then a dry spring in 1988, the drought
reached extreme levels also on the 12-month scale in May
1988. A wet summer then ended the drought on all scales
below 12 months. According to Webb et al. (1992), the spring
crops were destroyed by locust invasions, and this may have
exacerbated the effect of the consecutive summer drought.

4.1.5 1990-1992

During 1990-1992, all zones experienced moderate, ex-
treme, or severe drought on the seasonal or annual level.
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The years 1990 and 1991 were dry in all of Ethiopia, with
the exception of a small positive deviation in the northeast-
ern Rift Valley (I) in 1990. A severely dry spring in 1992
followed, causing extreme drought on the 12-month scale in
the southern (XII-B) and southeastern (XII-A) lowlands, as
well as in the northeastern Rift Valley (I) and the northwest-
ern highlands (IV). In the southern lowlands (XII-B), the
spring of 1992 was the worst during 1972-2011, and in the
southeastern lowlands (XII-A) the second worst (Fig. 5).
These zones get 50-60 % of the annual precipitation in
spring (Fig. 3). As a result, the southeastern lowlands
(XII-A) received only 50 % of the mean annual precipitation
in 1992 (Fig. 7).

4.1.6 1999-2000

The years 1998, 1999, and 2000 were all dry in the south,
mainly due to dry spring seasons. In January—February
1999, the three southwestern zones (VII, VIIL, and XII-B)
already experienced mild to moderate drought on the 12-
month time scale. Though 1992 was comparable at some
time scales, the worst drought in the southern lowlands (XII-
B) occurred in 1999-2000. The year 1999 was the driest
year during 1972-2010 in this zone, and severe drought
occurred at all time scales at some stage. Similarly, the
combination of 1999 and 2000 made this the driest period
on the 24-month time scale.

The spring season in 1999 was dry in all of Ethiopia in
both years, and as shown in Fig. 5, seasonal drought oc-
curred in most of the country. In the Northern (III),
Northeastern (II), and central highlands (IX), the 1999
spring was the driest during the record. Summer and fall
were wet in the highlands, leading to normal or above-
normal annual precipitation in the northern half of the coun-
try. The spatial anomaly pattern for 2000 is strikingly similar
to that of 1999, with a dry spring followed by a wet summer
in the north, this time with a wet fall season everywhere,
except in the southwest.

4.1.7 2002-2003

Due to a dry spring followed by a dry summer, 2002
became one of the driest years during 1972-2011. In
the southwestern rain forest (VI), this was the driest
year, and in the central Rift Valley (VII), the central
highlands (IX), and the southern highlands (XI) the
second driest (Fig. 4). After a dry spring in 2003, a
wet summer brought some relief, but 2003 was also
drier than normal. In the southwestern rain forest (VI),
the drought was extreme at all time scales from 3 to
24 months and at some time scales also in adjacent
zones and in the southern highlands (XI). At the 12-
month scale, moderate to severe drought persisted in
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most of the highlands and the central Rift Valley from
June—July 2002 through July 2003.

4.1.8 2008-2011

Figure 5 displays a visual cluster of dry spring seasons
during the last decade. This is in accordance with
Williams and Funk (2011), linking decreasing precipita-
tion in East Africa in March—June with an eastward
displacement of the circulation above the Indian
Ocean. The drought from 2008 until the present has
been characterized by the repetition of dry spring sea-
sons. Dry springs affect all of Ethiopia, causing the
largest relative precipitation deficits in the south, where
this is the main rainy season (Fig. 3). Except for a wet
intermezzo in 2006, and 3 years with just above-normal
values in one of the zones, the southern (XII-B) and
southeastern (XII-A) lowlands have been drier than nor-
mal in every year from 1998 through 2010 (Fig. 4).
During this period, only 1998, 2005, and 2006 did not
experience some degree of drought in at least one of
these zones (Fig. 4). This set the stage for the recent
drought.

Among the recent years, 2009 stands out as the
driest, being among the three driest years during
19722010 in 5 of the 14 zones. In the southern high-
lands (XI), this was the driest year in the record, and in
the northeastern Rift Valley (I) and the southern Rift
Valley (VII), the second driest year. As shown in
Fig. 5, the spring season was dry in both 2008 and
2009, with the exception of the westernmost part. In
most of the country, at least one of these springs was
among the three driest during 1972-2011. Then came
the summer of 2009, the driest or second driest in 5 of
the 14 zones.

As shown in Fig. 4, 2009 was the only year during 1972—
2011 when drought occurred on the annual scale in all of
Ethiopia, in most zones ranging from moderate to severe. In
most zones, more extreme levels of drought were reached
during other years, but the drought was never as widespread,
neither on annual nor on seasonal levels (Figs. 5 and 6).

The year 2010 was also dry in the south, ending with
mild to moderate drought on the 12-month time scale in
December (Fig. 4). For the rest of Ethiopia, the picture is
mixed. The drought in the south continued with a dry spring
in 2011 (Fig. 5), and at the end of the record in May 2011,
the drought in the southern and southeastern lowlands (XII-
B and XII-A) was still severe on time scales of 12 and
24 months. In the eastern highlands (X-B), the 2011 spring
was the driest during 1972-2011.

Though confirming the existence of extreme to severe
drought in southern Ethiopia in 2010-2011, the zone-
aggregated precipitation data do not confirm the extremeness

previously reported (USAID/FEWS 2011); the driest year in
60 years. The driest 12-month periods in the southern and
southeastern lowlands (zones XII-A and XII-B) occurred in
1992 and 2000, respectively. This does not exclude the possi-
bility of local conditions in 2011 being even worse than at the
zone level.

4.2 A closer look at 2009

In Section 4.1, 2009 was found to be the driest among the
recent years, while 1984 must be said to be the driest year
during 1972-2010. The droughts in Ethiopia in the 1970s
and 1980s were part of a drought belt ranging from the West
African Sahel to the Horn of Africa, a typical African
drought pattern (Flohn 1987; Nicholson 1986; Mattsson
and Rapp 1991). However, there is no one-to-one corre-
spondence between precipitation anomalies in the Sahel
and the Horn of Africa (Flohn 1987), and 2009 does not
appear to be a typical example of this kind of situation. In
this section, we will briefly discuss some of the large-scale
features associated with the 2009 drought.

4.2.1 Continental drought: 2009 compared with 1984
and 2002

Figure 8 shows the large-scale drought patterns in the three
driest years in Ethiopia: 1984, 2002, and 2009. SPI values
based on the GPCP data set demonstrate quite distinct
patterns for these 3 years. Whereas the 1984 drought cov-
ered a latitudinal belt across Africa, including the Sahel and
northern Ethiopia, the 2009 drought struck Ethiopia and the
regions to the southwest: northwestern Kenya, Uganda,
South Sudan, and parts of the Central African Republic
and the Democratic Republic of the Congo. The year 2002
was dry in Ethiopia and West Africa, but without the con-
secutive trans-African belt characterizing 1984.

Even though both the spring and the summer season
were dry in both 1984 and 2009 (Section 4.1), the
large-scale patterns in Fig. 8 reflect the fact that in
1984 the summer was the most extreme season, whereas
the spring was particularly dry in 2009. The 1984
drought follows the northern hemisphere summer rain
belt, whereas the core of the 2009 drought is located
farther south, covering the Horn of Africa and the
northern part of East Africa. In these regions, the
February—May season is at least as important.

As the rank map in the lower left corner shows, 2009 was
the driest or second driest year in most of Ethiopia in the
GPCP data; more severe than both 1984 and 2002. The
discrepancy between the gauge-based zone data described
in this study and the satellite-based, gauge-adjusted GPCP
data set may have several causes. The GPCP data benefit
from having satellite-based data in regions where
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Fig. 8 Continental SPI distribution in 1984, 2002, and 2009. Twelve-month SPI of GPCP V2.2 in December 1984 (a), 2002 (b), and 2009 (c¢). The
small, inset maps show the rank among the driest years during1979-2010, for a region surrounding Ethiopia

observations are generally scarce, like the southwestern and
southeastern lowlands (zones V and XII-B; Fig. 1). On the
other hand, the number of Ethiopian gauges with freely
available data is very limited, implying that anomalies at
these stations may be given too much weight in other parts
of Ethiopia. As there are large local variations in rainfall in
Ethiopia, the quality of the GPCP and similar data sets is
lower than it would have been if more ground observations
had been included (Dinku et al. 2007).

4.2.2 Atmospheric moisture transport in 2009

Atmospheric circulation anomalies indicate that deflections
of the transport of moisture to Ethiopia contributed to the
drought in 2009 (Fig. 9). During the northern hemisphere
winter, the low-level flow along the coast of East Africa is
northeasterly. In spring, a southerly flow begins, developing
into the Somali or East African low-level jet in summer
(Findlater 1969a, b, 1977; Riddle and Cook 2008). In
April, this jet is still under development, with a southeast-
erly flow reaching the coast of Kenya and Tanzania, while
the flow in the northern Indian Ocean is still mainly north-
easterly, entering the coast of the Horn of Africa from the
east. As shown in Fig. 9a, the convergence zone that covers
most of Ethiopia in April occurs as this easterly flow meets
the southeasterly flow bringing moisture from the southern
and equatorial Indian Ocean.

Figure 9c¢ shows how southwesterly anomalies
deflected moisture away from the coast of East Africa
in April 2009. This is a result of similar anomalies in
the low-level wind field, seen at 700 and 850 hPa (not
shown). The anomalies hinder both the flow from the
southeast and the east, resulting in a divergence anom-
aly covering most of Ethiopia. The convergence anom-
aly to the southwest of Ethiopia is due to the northeasterly
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anomaly in this region, the result of a strengthening of the
700-hPa wind field (not shown).

During the northern hemisphere summer, air masses from
the Indian Ocean, Central Africa, and the Red Sea region
flow toward Ethiopia (Mohamed et al. 2005; Korecha and
Barnston 2007; Levin et al., 2009; Segele et al. 2009; Viste
and Sorteberg 2011). As shown in Fig. 9b, this causes strong
moisture convergence above the Ethiopian highlands.
Reduced precipitation may occur either if less moisture is
available in the highlands or due to reduced convergence
and ascent. Figure 9d shows reduced convergence above
large parts of Ethiopia in July—August 2009, as well as in a
zone to the southwest, reaching from Ethiopia across the
continent to the Gulf of Guinea. There is a large belt of
easterly anomalies in the moisture flux in this region, as well
as in the transport into the continent from the Indian Ocean
through the Turkana Channel in southern Ethiopia and
northern Kenya. More moisture than normal entered both
Ethiopia and the rest of the continent in this region, but the
easterly anomaly farther west was stronger, leading to di-
vergence. The inflow of moisture from the Red Sea to
Ethiopia was also reduced.

The moisture transport anomalies in April and July—
August 2009 were in line with previously documented con-
ditions that reduce precipitation Ethiopia. The transport in
April was similar to the transport in the driest spring seasons
discussed by Williams and Funk (2011), whereas easterly
anomalies in the July—August transport above Central
Africa are known to cause reductions in the inflow of
moisture to the Ethiopian highlands (Segele et al. 2009;
Williams et al. 2011; Viste and Sorteberg 2012). The ques-
tion remains whether these—or other relevant atmospheric
anomalies—were connected or whether the dry spring in
2009 being followed by a dry summer was just an unfortu-
nate random combination. We did not find indications of
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Fig. 9 Moisture flux anomalies in 2009. ERA-Interim vertically inte-
grated moisture flux and moisture flux divergence (small, inset maps):
1981-2010 mean values in April (a) and July—August (b) and

any consistent statistical relationship between precipitation
or drought conditions in the spring and the summer season.
Over all, dry spring seasons were as often followed by wet
summers as by dry summers. However, Williams et al.
(2011) found that precipitation variability in the Greater
Horn of Africa during summer has been increasingly influ-
enced by circulation anomalies caused by a warming of the
southern tropical Indian Ocean. Based on similarities in
spatial patterns of precipitation trends during spring and
summer, they suggested that there may be a common mech-
anism behind suppressed precipitation in both seasons. If
this is the case, and the associated circulation anomalies
continue to occur, the probability of two-season droughts
may increase.

5 Trends in seasonal precipitation

Precipitation trends in Ethiopia have been the subject of
several studies, with sometimes contrasting conclusions
(Conway 2000; Seleshi and Zanke 2004; Funk et al. 2003;
Shang et al. 2011; Bewket and Conway 2007). In the data
set used in this study, trend analysis indicates that rainfall in
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southern Ethiopia has decreased from 1971 till the present,
both annually and in the northern hemisphere spring and
summer seasons. No clear trends could be detected in cen-
tral and northern Ethiopia.

The 14 rainfall zones were categorized into two regions,
depending on whether February—May or June—September
contributes most to the annual precipitation. As shown in
Fig. 3, the “spring region” thus consists of the three south-
ernmost zones (VII, XII-A, and XII-B), whereas the rest of
Ethiopia make up the “summer region”. The regional pre-
cipitation, shown in Fig. 10, was calculated as area-
weighted averages of the zones in each region. As described
in Section 2.1.1, trends were calculated using linear regres-
sion and the significance was tested with bootstrapping and
the nonparametric Spearman's rho test. In Fig. 10, trend
lines are shown in those cases where the null hypothesis of
no trend could not be rejected at the 0.05 significance level.
In the remaining cases, the p values of the various tests were
too high. Statistical test results are given in Table 1. In
general, there was good correspondence between the results
of the different statistical tests applied.

In the spring region, the February—May precipitation has
declined with 2.6 mm/year during 1971-2010. Comparing
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Fig. 10 Precipitation trends. Annual and seasonal regional precipita-
tion of 1971-2010; nationally and for regions where the spring/sum-
mer contributes most to the annual precipitation. Linear regression
trend lines and slope values are shown when statistically significant
(»<0.05) and also passing Spearman's rho test and the bootstrap test.
Exception: the national June—September trend (marked with asterisk)
passed all criteria, except Spearman's rho test. The percentage in the
upper right corner marks the change in the expected value over the
period, comparing the trend line values in the first and last year

sons. However, Fig. 5 demonstrates a visual clustering of
dry seasons during the last 10—15 years in this part of the
country, as well as in the south. The frequency of spring
droughts was higher in this period than in the previous
decades.

The decline in precipitation in the southern part of
the country is large enough to produce trends on the
national level, despite the lack of trends in central and

Table 1 Ethiopian precipitation trends in 1971-2010 [in millimeters per year]

Linear regression trend and Bootstrap mean trend and Linear regression p Spearman p

95 % CI [mm/year] 95 % CI [mm/year]
National, annual -3.6 [-6.4, —0.7] -3.6 [-6.5, —0.9] 0.016 0.006
National, MAM -1.6 [-3.1, —0.1] -1.6 [-3.1, —0.3] 0.037 0.044
National, JJAS —2.1 [-4.0, —0.3] -2.1 [-4.1,-0.3] 0.023 0.057
National, OND 0.1 [-1.8,2.0] 0.1 [-1.8, 1.7] 0.921 0.877
Spring region, ann —5.4 [-9.7, —1.1] —5.5[-10.4, —1.6] 0.014 0.002
Spring region, MAM —2.6 [-4.6, —0.6] —2.5 [4.6, —0.7] 0.013 0.014
Spring region, JJAS —2.2 [-3.5,-0.9] —2.2[-3.5,0.9] 0.002 0.001
Spring region, OND -0.7 [-3.6, 2.1] -0.7 [3.4, 1.8] 0.606 0.545
Summer region, ann —2.1[-4.7, 0.5] —2.0 [4.9, 0.6] 0.110 0.133
Summer region, MAM -1.2 [-2.7, 0.3] -1.2 [-2.7, 0.1] 0.121 0.121
Summer region, JJAS -1.3[-3.5,0.9] -1.3[-34,0.9] 0.239 0.333
Summer region, OND 0.3 [-1.4,2.0] 0.3 [-1.3, 1.7] 0.726 0.665

Linear trend slope and 95 % confidence interval determined by regression (first data column) and bootstrap (second column), with p values from the
regression (third column) and Spearman's rho test (fourth column) on the national level and in regions dominated by spring and summer precipitation

ann annual, MAM March—May, JJAS June—September, OND October—December
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northern Ethiopia. The annual change during 1971-2010
was —3.6 mm/year, a reduction of 14 % over the period.
This was a result of a reduction of 1.6 mm/year in
February—-May and 2.1 mm/year in June—September.
No trends could be seen in any of the regions in
October—December.

Contrasting the lack of trends in other studies, Conway
(2000) found that the rainfall over the Upper Blue Nile
Basin in the Ethiopian highlands had decreased markedly
from the mid-1960s to the late 1980s. As pointed out by
Bewket and Conway (2007), the use of different time peri-
ods in the analyses is most likely the main reason for
discrepancies between trend studies in the central and north-
ern highlands. The dry years of the 1980s were followed by
recovering rainfall in 1990s. Thus, it is more likely that a
negative trend will be detected in a time series ending in the
late 1980s or early 1990s, than in the late 1990s. Over the
more than hundred years from 1898 to 2002, Conway and
Bewket (2004) found no trend in precipitation in Addis
Ababa, though they also noted that the lack of spatial
correlation means that this record may not be used to infer
anything about other parts of the Ethiopian highlands.

The main result (not shown) of changing the period in
our analysis from 1971-2010 to 1981-2010 was that signif-
icant trends occurred only in February—May, and then in
both the spring and summer regions, as well as nationally.
The reduction in the spring region was as high as 4.3 mm/
year (37 %), in the summer region 2.6 mm/year (24 %), and
nationally 3.2 mm/year (29 %).

6 Conclusions

Analysis of gauge-based precipitation data for 14 Ethiopian
climatic zones during 1971-2011 justifies the international
concern about the recent dryness. Some of the last years
have been among the driest in this period, and in southern
Ethiopia, precipitation has declined, both in the spring
(February—May) and the summer season (June—
September). Dry spring seasons have characterized the
period since 1999, affecting most of Ethiopia. The larg-
est relative precipitation deficits have appeared in the
south, where this is the main rainy season. The rest of
the country has also experienced extremely dry springs
during the last decade, but no general, long-lasting trend
can be assumed based on this data set.

The spring seasons of 2008 and 2009 were extremely
dry in about half of the zones, and in 2009, the dry
spring was followed by a dry summer. As a result, 2009
was one of the few years with drought conditions in all
of Ethiopia, both on seasonal and annual scales. On the
national level, 2009 was the second driest year in the
record, after 1984, and drier than 2002. In the southern

highlands, 2009 was the driest year in the record,
whereas in the rest of the country, previous droughts
were more extreme. In the northeastern Rift Valley, the
annual amount of precipitation was as low as 29 % of
the mean this year, compared to 18 % in 1984.
Fluctuations of this size were not experienced in any
other zones, receiving at least 50 % of the annual mean
precipitation in the driest year. In the central highlands,
the annual precipitation was never less than 84 % of the
mean.

In the three southernmost zones, where the spring season
is the most important rainy season, linear regression showed
a decline in precipitation both in the spring (2.6 mm/year),
the summer (2.2 mm/year), and annually (5.4 mm/year).
This is in accordance with previous studies (Seleshi and
Camberlin 2006; Seleshi and Zanke 2004; Williams and
Funk 2011; Funk et al. 2008).

In the rest of the country, those zones where the summer
rains are most important, the linear regression analysis does
not give us a reason for suggesting a corresponding de-
crease, neither on seasonal nor annual scale. This is in
accordance with studies using records that ended in 2002/
2003. However, signs of the decline in spring precipitation
during 1979-2009 found by Williams and Funk (2011) are
present, as there has been a cluster of dry spring seasons
during the last 10—-15 years. Not only were the spring
seasons of 2008-2011 among the driest during this period,
but with the exception of 2001, almost nationwide spring
droughts also occurred during 1999-2004.

The spatial drought pattern from year to year varies,
to a large extent reflecting the variation in the seasonal
precipitation cycle between the zones. Ethiopian precip-
itation exhibits great spatial variation, both in the aver-
age year, and when it comes to interannual variability.
This affects the drought patterns. In a few years, mainly
1984 and 2009, drought conditions prevailed in all of
Ethiopia, on both seasonal and annual time scales. In
most historic drought years, the problem was of a more
local or regional character, affecting only some parts of
the country, and not necessarily in the same season.
Due to this variation, there were no years without at
least mild annual drought in at least one zone. Together
with the severe effect of even small precipitation defi-
cits on the mainly rain-fed agriculture (World Bank
2005), this helps to build the picture of Ethiopia as
specifically drought-prone.

If the tendency of dry springs persists in the future, the
risk of serious drought years may increase in all of Ethiopia;
in the south because the spring is the main rainy season. In
northern and central Ethiopia, where the summer is the main
rainy season, the outcome is less obvious. But unless phys-
ical mechanisms act against it, an increase in spring
droughts increases the probability of the occasional dry
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summer having been preceded by a dry spring. As a result,
droughts may more frequently last throughout the agricul-
tural growth season, as in the two driest years during 1971—
2010: 1984 and 2009.
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