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ABSTRACT

droughts and < d ivity during the last two decades in West Africa point
to the need for a clearer understanding of the Ien;lh ordry !pells. their frequcnnes. and \helr pmbabllmes The
simpiest calculations of dry spells for general Ive of the of
and condmonal dry spells exceeding a user- specified threshold value from a given calendar date. For more
precise i it is i 1o consider the different periods aRer sowing a crop, since

wwmg dates in the lemund West African regions vary from year to year. Using the specific definition of onset
of rains in each year as the sowing date, the length of dry spells was caiculated from the historical rainfall data.
Probability distribution of time to the next wet day and the percentage frequencies of dry spells were computed
for successive days afier sowing (DAS) a crop. Dry-spell analysis showed a pronounced drop in the drought
rigk for cereal crops from the panicle initiation phase ( 20 DAS) to the flowering phase (60 DAS), The relationships
between mean annual rainfall and average frequency of dry spells for the selected locations in West Africa
showed distinct patterns and permit the prediction of the frequency of dry speils from anaual rainfall totals.
Applications of the dry-spell analysis for the choice of a crop/variety, supplemental irrigation, and crop water

requirements have been described with examples.

1. Introduction

The recent 17-year drought in the West African Sahel
has been the longest and perhaps the most severe this
century (Payne et al. 1987). Since subsistence agri-
culture is the main mode of employment in rural West
Africa, the main effect of droughts has been reduced
agricultural producuvuy Suecesswe crop fmlums have
led lo food ition, un-

h i decimati of‘ k herds, and,
ultimately, famine, with a staggering loss of human life
(Morse 1987). The consequences of drought are often
woven into the economic and social fabric of a region;
these are referred to by Glantz ( 1987) as second- nnd

need for the analysis of historical weather data for un-
derstanding the length of dry spells, their frequencies,
and their probabilities.

Nicholson (1980, 1981, 1983) described the occur-
rence of droughts in West Africa mainly in terms of a
large spatial scale of departure, Nicholson (1983) also
used the dmnbuuon of runs of consecutive dry years
to disti b the Saheli and southem Af-
rican rainfall regi More
(1987) assessed droughts in West M'nca by using nor-
malized departures from average rainfall over the var-
ious lengths of the record.

Mutsaers { 1979) calculated the dry-spell occurrences
m Cameroon and pmnled out that for agricultural ap-

third-order effects, for le, price in-
creased food imports, surges in rural-to-urban migra-
tion rates, etc.

q £

Recurrence of hts and
Africa over the past two. decades have led to the m\!
ization that of hts will be a
phenomenon in Africa and that droughts could pcmsl
for some lensth of time. Two mqjol‘ symposia have
of drought in West Africa: the
1973 symposum on "Drought in Africa” (Dalby and
Church 1973), and the colloquium on “Drought and
Hunm in Africa: Denying Fammc a Future" (Glnntz
1987). Proceedings of these d the
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of ipitation probabilities, both the
amount and distribution of rainfall i ina g,lven period
shouid be idered. Simple of
long-term rainfall data for dry spells could provide in-
formation useful for agricultural applications, but very
few studies of this nature for West Africa have previ-
ously been made. For example, dry-spell lengths could
be employed as a guide in breeding varieties of various
‘maturity durations for different locations. Information
on dry-spell lengths could also be used in decision
making with respect to supplementary irrigation and
field operations such as harvesting.

The objective of this paper is to describe an empirical
analysis of probabilities, lengths, and frequencies of
dry spells in West Africa with suitable examples show-
ing how these data could provide a basis for developing
long-term cropping strategies.
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TABLE §. P ility (%) of and dry spells
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Niamey, Niger.
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“decade™ here refers to the 10-day averaging periods
of each month that are commonly used in the Fran-
hone West African countries. Each month is di-

Maximum dry spell | Conditional dry spell*
(days) {days)

Starting date »7 >0 >t$ >7 >10  »18
| May 00 100 83 e 93 57
11 May 97 93 0 93 80 5
21 May 97 8 60 87 70 50
1 June 87 67 33 80 43 23
11 June 0 43 23 63 by 7
21 June 53 F1 10 50 13 0
1 July 33 2 7 43 13 3
11 July 43 10 3 k] 10 3
21 July 3 7 3 il 7 0
1 August 3 7 0 27 7 [
§) August 47 10 0 43 3 ()
21 August 57 13 0 57 13 (1)
1 September 80 23 3 77 20 13
11 September 97 0 43 97 67 40
21 September 100 93 70 100 %0 63
1 October 100 97 97 97 97 93

* Calculation of dry-spell conditional on the day before the start
of the period under consideration being rainy.

2, Methods
In this study. the analysis of dry spells hns becn car-

vided into three decades starting from the 1st, 11th,
and 21st day of the month. The last decade of the
month, which includes all the days up to the end of
the month, could have cither 10 or 11 days, depending
on the month (with the exception of February).

Probabilities of maximum dry-spell lengths exceed-
ing 7, 10, and 15 days over the next 30 days starting
from the first day of each decade were then calculated.
The choice of these spell lengths reflects the need o
consider shorter spell lengths for drought-sensitive
crops such as corn, as opposed to drought-hardy crops
such as millet, which can withstand longer dry spells
of even 15 days. Also, for a given crop, certain growth
stages are more sensitive to droughts and have a higher
water requircment. For example, most grain crops are
sensitive to drought at the time of flowering and grain
filling.

In addition to the i dry spell, conditional
dry spells were also calculated. These are the lengths
of dry spells conditional on the day prior to the begin-
ning of a spell being rainy. These data enable the user
to assess if a break in dry spells due to rain has a sig-
nificant impact on the subsequent spell length.

The aforementioned calendar-based computations
have only a limited value for specific applications to
crop planning in West Africa, since the sowing dates

ried out using daily rainfali data for sel
in West Africa, The data were examined for continuity
and missing records, Years with missing days of data
were not included in the analysis.

The simplest caiculations of dry speils involved
transformations of the columns of rainfall data to give
dry-spell lengths using the INSTAT climatic guide
(Stern et al. 1989). The spell lengths were processed
further to give maximum dry spells in 30-day periods
starting from the first day of each decade. The term

and crop phenology change with rainfall distribution
each year, To overcome this problem, the specific def-
inition of “‘onset of rains™ in each year (Sivakumar
1988) was used as the sowing date. The date of onset
of rains was defined as that date after | May when
rainfall lated over 3 ive days is at least
20 mm and when no dry spell within the next 30 days
exceeds 7 days. The length of dry spells (or days until
the next day with rainfall greater than a threshold value)

TABLE 2. Maximum length of dry spell (days) at three probability levels for different days after sowing at Niamey, Niger. Data are
presented under each of the five minfall thresholds used for dry-spell computations.

Moan 1 mm 5mm 10 mm 20 mm 25 mm
Days after rainfall
owing {mm) 50 10% 90% 0% 0% X% 0% 10% W% 0% 10% %% 0% 10%
10 379 48 14 02 73 14 02 1835 56 08 241 73 11303 1S 28
2 353 74 22 03 118 36 05 185 70 1.7 211 17 37 33 135 43
3 363 59 18 03 100 38 09 150 57 14 214 93 29 2718 120 18
4 .2 50 15 02 66 25 06 111 42 10 164 49 10 247 94 23
50 4.7 EN) 1.5 02 53 16 02 103 39 10 193 58 10 256 97 24
60 487 56 1703 70 21 03 103 31 05 199 60 09 259 98 24
0 63.1 5.1 15 02 5.5 L5 02 1635 18 02 252 716 1 252 76 LI
80 513 136 23 01 162 27 01 162 27 01 219 84 13 22 122 39
9% 393 130 22 Of 141 24 01 243 15 1.1 300 14 28 395 186 69
100 3313 32 061 190 32 01 N3 94 14 354 153 48 395 199 82
110 20 206 35 02 306 92 14 N9 129 Al WS 172 64 408 206 96
120 129 301 91 14 36 120 29 386 182 67 395 224 (12 39S 281 150
130 86 26 124 30 365 172 64 96 225 112 43 46 137 407 217 178
140 28 411 208 B85 416 254 142 416 274 186 416 274 186 416 274 186
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was computed at different probability levels following
the procedures given by Hills and Morgan (i98i).
Rainfall thresholds used for this purpose were 1, 5, 10,
20, and 25 mm. The minimum rainfall threshold of |
mm is an ipsignificant amount for crop use, but it does
signify the ending of a dry spell. The other four thresh-
old values have been so chosen as to give the user an
idea of the waiting times for satisfying a proportion of
the water requirement of the crop. The length of dry
spells was calculated at the probability levels of 90%,
50%, and 10%.
Frequencies ( F) of dry spells were computed as

RD<x)= ————N;f‘)

X 100,

where N{D;) is the number of years a dry spell of length
< x started in a prescribed 10-day period / and M is
the number of years of data.

3. Results and discussion

a. Probabilities of dry spells computed on calendar-
day basis

The probabilities of dry spells exceeding 7, 10, and
15 days within the 30 days after the first day of each
decade of the year at Niamey, Niger, are presented in
Table 1. Dates are p d from the beginning of
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ing field crops with first rains before i June is fraught
with considerable risk, while the period after 1 June is
more favorable since the probabilities of dry spells de-
crease rapidly, indicating significantly reduced risk to
the emergence and subsequent growth of crops. The
probabilities of both the maximum and conditional
dry spells exceeding 10 days are above 70% from the
middle of September, which suggests that standing
crops after that time will face increasingly greater risks
of water shortage.

According to Farmer and Wigley (1985), it is dif-
ficult to determine the specific causes of drought on a
regional scale in West Africa. They explained that the
probable causes of long dry spells, such as those before
| June at Niamey, relate to the position of the inter-
tropical convergence zone (ITCZ), sea surface tem-
P land surface boundary conditions (albedo
or mo level), at heric humidity, location and
mtensny of Hadley-type and Walker-type vemcal cn'-

and / orupper-airflow patternsand
atmospheric energetics. Among the possible explana-
tions for lack of moisture over the Sahel at the begin-
ning of the rainy season, as given by Rasool (1982),
are the displacement of ITCZ and changes in global
cast-to-west air circulation patterns caused, in part, by
changing conditions over distant oceans (Indian, At-
lantic, and Pacific). A detailed discussion of the phys-

May to the beginning of October, which is the period
during which rains are received at Niamey. Thesc data
provide a quick overview of the drought risks during
the year. Up to the beginning of June, the probability
of maximum dry-speil lengths exceeding 7 and 10 days
is more than 80%. Conditional dry-spell probabilities
also show that even if the dry spell is broken due to
rain, the risk of a long dry spell before 1 June is still
quite high and exceeds 70%. These data show that sow-

(a) 30% Probubtiey |

ical p that can cause droughts is beyond the
scope of this paper, but an up-to-date review is given
by Rasool (1984) covering both global and regional
scales,

b. Length and frequencies of dry spells computed on
sowing-day basis

The length of dry spelis for consecutive [0-day pe-
riods after sowing was determined for each of the five

3

) 00% Probubity

¥ R8RS

Deys 1o nest fuin

Q9

% % e
Deoys afiar sowing

18 » [] B 18

0 % 10 1% 1

0%
Deys shor sowing

FG. §. Numberofdlylunnlmtmnfdlpummmethmholdvdwn(a)w%mhbﬂhym
b) 90% probability at Ouagadougou, Burkina
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rainfall thresholds at three probability levels (90%, 50%,
and 10%). The choice of these probability levels reflects
the degree of certainty with which the user would like
to determine the dry-spell length. An example of the
computed values for Niamey, Niger, is shown in Table
2. For consecutive 10-day periods after sowing, the re~
sults show the mean rainfall and the dry-spell fength

JOURNAL OF CLIMATE

VOLUME 5

of <5 days decreases and the frequency for the other
ranges increases.

At lmvcr rainfall | the shift in
frequencies from one rainfall threshold 1o another is
more pronounced than for the higher rainfalt locations.
An example of this feature is shown in Fig. 2 for Mopti,
Mali (mean annual rainfall 696 mm), and in Fig. 3

at different probability levels. Since the analysis was

for Keds Senegal (mean annual mnfnll 1288

based on the onset of rains for cach year of the datab

mean rainfall data provide a good idea of the average
rainfall pattern during the crop cycle at Niamey, As-
suming that a pearl millet variety of a 90~day maturity
duration comes to the panicle initiation stage within
20 days after sowing {DAS) and to the flowering stage
by 50-60 DAS, mean rainfal! from sowing to panicle

mm). At Ked the is highest
for dry spells <5 days (Fig. 3) at all three rainfall
thresholds. At the lowest rainfall threshold of 1 mm,

TABLE 3. Percentage frequency of dry spells for indicated rainfall
thresholds at Kaya. Burkina Faso.

initiation stays around 35 mm/ 10 days and i
to 49 mmy/ 10 days by the time of flowering,

Data under the 90% probability columns show that,
starting a given 10-day period after sowing, 90% of the
dry spells will end within the number of days given.
For example, at 50 DAS, for the 10-mm rainfall
threshold, 90% of the dry spells will end in 10.3 days
or }en. while 50% of the dry spells will end in 3.9 days
or less.

A plot of the dry-spell lengths at different rainfall
thresholds and two probability levels for Ouagadougou,
Burkina Faso, is shown in Fig. 1. Mean annual rainfall
at Quagadougou is 792 mm, and hence the waiting
period at all rainfall thresholds is much less than that
observed for Niamey (Tnble 1), where the mean annual
rainfall is 560 mm. One significant feature that
from the data in Fig. | is the pronounced drop in the
drought risk (or the waiting period for rainfall) from
20 DAS to 60 DAS, This is more cvident at the 30%
probability level (Fig. 1b) than at the 50% probability
level (Fig. 1a). In terms of crop phenology the impli-
cation is that dry spells from the stage of emergence to
panicle initiation (up to 20 DAS) last longer than those
during panicle initiation to flowering (20-60 DAS).
The length of dry spells increases with time afler
100 DAS,

The underlyms physical mechanism for the observed
lower drought risks from 20 to 60 DAS could be at-
tributed to the more or less regular posmomng, by this
time, of the ITCZ, backed by the moist southwesterly

which has embedded easterly waves with
associated cloud clusters and squall (or disturbance)
lines (Farmer and Wigley 1985).

Frequencies of dry spells have been computed at
three rainfall thresholds of 1, 10, and 20 mm for dry
spells of <$, 5-10, 1015, 15~20, and >20 days. The
percentage frequency of dry spells at Kays, Burkina
Faso, is shown in Table 3. Mean annual rainfall at
Kaya is 696 mm, The data show that at the lower rain-
fall threshold of | mm, the frequency of dry spells of
<5 days is by far much higher in comparison to other
dry-spell ranges. As the rainfall threshold is increased
from | to 20 mm, the percentage frequency of dry spells

Rainfall Dry spelis (days)
Days after  thieshold

sowing {mm) <5 5-10 1015 15-20 >20
10 1 82 18 0 0 0
10 60 18 12 2 8

20 34 14 1 L] 24

20 ! 69 20 8 3 1
10 42 23 " 12 12

20 23 25 5 15 2

30 1 80 15 2 3 1
10 48 k1) 6 6 9

20 28 26 " 6 23

40 1 75 20 5 0 0
10 57 22 14 5 2

20 42 15 14 14 15

50 1 86 12 0 2 [
10 55 k1 1 3 0

20 » 34 15 6 8

& 1 89 11 0 0 0
10 7 23 [ 0 0

20 55 2 12 8 3

70 1 92 8 0 0 0
10 82 12 3 3 1

20 60 22 [ 5 7

80 1 89 1 0 0 0
0 75 12 5 3 5

20 51 26 9 3 i1

%0 i 8 9 0 0 2
10 69 20 3 2 6

20 57 26 3 3 1

100 1 86 9 2 0 3
10 71 17 3 0 9

20 45 2 5 6 n

1o 1 78 6 3 2 1
10 55 18 3 0 2

20 4 15 12 5 M

120 1 68 12 6 [ 14
10 45 17 8 2 28

20 M 18 5 3 4

130 1 63 8 3 5 21
10 k) 9 1 L] 3

20 18 8 8 8 58

140 1 9 11 9 0 3
10 23 12 8 5 52

20 n 1t 3 0 75

150 1 n il 5 3 43
10 17 1 2 3 67

20 5 s 2 3 83
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FiG. 2. Percentage frequencies for indicated dry-spell ranges at
rainfall thresholds of (a) | mm, (b) 10 mm, and (c) 20 mm at Mopti,
Mali.

the frequency spread for dry spells > 10 days is very
small, but as the rainfall threshold is increased to 20
mm, the separation of frequencies for dry spells > 10
days is more apparent. At all three rainfall thresholids
the percentage frequency for dry spells of <5 days shows
adecrease from 120 DAS with a simultaneous increase
in the frequencies for the dry-spell range of 5-10 days.

In view of the differing pattern of the drought fre-
quencies with mean annual rainfall that emerged from
Figs. 2 and 3, calculations were made of the dry-speli
frequencies for 150 locations in West Africa to examine
if there is any particular trend to this pattern across all
locations. The average frequency of dry spells of <5,
10-15, and >20 days was calculated at the 10-mm
rainfall threshold. The relationship between mean an-
nual rainfall and the average frequency for dry-spell
ranges (Fig. 4) shows distinct patterns. Frequencies of
the fowest dry-spell range of <5 days increasc asymp-
woticaily with increasing annual rainfall (Fig. 4a). For
the intermediate dry-spell range of 10-15 days, fre-
quencies are low ( 3%-12% ) and change little as annual

rainfall increases (Fig. 4b). With dry spells exceeding
20 days (Fig. 4c), the frequencies decrease sharply with
increasing mean annual rainfall, The retationships in
Fig. 4 are weli defined by the fitted equations and per-
mit the prediction of the frequency of dry spells from
annual rainfall totals. These relationships will be valid
only in locations with a monomodal rainfall distri-
bution pattern that is so common in the Sahel,

From the discussion on dry-spell lengths and fre-
quencies for West Africa, the following conclusions can
be drawn.

(i} Drought risks in West Africa are very much re-
lated to the mean annual rainfall. With increasing an-
nual rainfall, the percentage frequencies of short dry
spells i d, while the fr ies of long dry spells
decreased.

(ii) In general, dry spells around panicle initiation
phase are longer than those during the flowering phase,
particularly for the low-rainfall locations.

(iii) Dry spells become progressively longer at some
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1

10 130 160

L 0 110
Days afier sowing

point during the grain-filling phase. At low-rainfall lo-
cations, this point occurs much earlier in the growing
season in comparison to the higher rainfall locations.

4. Application of the analysis

In the arid and semiarid regions, where moisture is
available for a relatively short period during the year,
it is essential to match the crop phenology with the
dry-spell lengths to meet the crop water requirements
at the sensitive stages of crop growth. Information on
the length of dry spells could be used as a guide for the
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FiG, 3. Percentage frequencies for indicated dry-spell ranges at
rainfall thresholds of (a) | mm. (b} 10 mm., and (c) 20 mm at Ke-
dougou, Sencgal.

Data on dry-spell lengths could also be used as a
guide for breeding varieties of various maturity dura-
tions for different locations. An example of this appli-
cation is shown in Fig. 5 for Niamey, Niger (mean
annual rainfall 560 mm); Kaolack, Senegal (800 mm);
Ouagadougou, Burkina Faso (830 mm); and Bou-
gouni, Mali (1260 mm). At Niamey the length of dry
spells increases with time after 90 DAS. Kaolack and
Ouagadougou, with nearly similar mean annual rain-
fall, show some differences in the lengths of dry spells.
Dry spells become progressively longer after 90 DAS
n Kaolack and after 120 DAS at Ouagadougou.

di ies should be oriented toward maturity

choice of & particular crop or variety. For i at
Niamey beyond 90 DAS the dry spells are longer, and
it would be prudent to limit the choice of crop varicties
to those that mature in 8(_1-90 days.

With the i maunn. interest in explonna alternatives
to the pmem croppmg patterns m Weat Africa for

greater dry-spell
mfomnmonwohbhmumnwhesofpbemlogyof
a new crop and rainfall regime before expensive field
triais are conducted.

in 80 days for Niamey, 90 days for Kaolack, 110 days
for Ouagadougou, and 140 days for Bougouni.
Information on dry-spell iengths could also be used
in decision making with respect to supplementary ir-
rigation and field operations such as harvesting. For
high-value crops, dry-spell lengths at 90% probability
fevel could be used as a guide to schedule supplemen-
tary irrigations, since it is almost certain that the dry
spells will end before the period computed. In regions
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where groundnut is grown, it is important to schedule
harvest operations before the soil becomes too hard
due to long spells of dryness.

Using the data on dry-spell frequencies, one can
provide answers to questions such as: At 60 days after

sowing the crop, when at least half of the crop water
requirement of 40 mm over the next 10 days must be
met, what is the probability that sufficient rain will
occur within 10 days? At Kaya, Burkina Faso (Table
3), the answer to this question would be that there is
a 78% probability for the occurrence of this event (look
for the value under the “<5" and “5-10" dry-spell

N 0 90 10
Days siter owing
FiG. S.Lenﬂhof&ymdkfwl&mn!ninﬁﬂmmlduw

probability for four locations in West Africa.

130 150

1 for 60 DAS and the 20-mm rainfall thresh-
old), Dry-spell frequency data couid also be used in
the design of, and in interpreting results from, multilo-
cation tests in plant-breeding programs.

5. Conclusions

Data presented in this paper show that historical
rainfall data could be effectively employed for a simple,
empirical analysis of dry spells to provide information
on the length of dry spelis and their frequencies and
probabilities. For agricultural applications, it is im-
portant to note that the nature of dry spells varies with
the crop growth phases and that dry spells during the
flowering phase of cereal crops are much shorter in
West Africa. This contrasts significantly with the nature
of dry spells in some parts of the semiarid tropical re~
gion of Asia, where dry spells in the middle of the rainy
season (coinciding with the flowering phase) are con-
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sidered to be more important. Simple analysis of dry
spells illustrated here could clanfy important raearch

issues for y and plant-t ar
in West Africa.
Acknowled: d for publi

journal artical JA1222 of xhc International Crops R&
search Institute for the Semi-Arid Tropics (ICRISAT).
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