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ABSTRACT

It is widely noticed
that the annual rainfall amounts
in the entire region of central
and western Africa is showing a

decline for the last decade. The
significance of the decline in the
annual rainfall series in the
region of central and western
Sudan is investigated to check
whether it is the random
variability or there are indica-
tions of a trend in annual rain-
fall amounts.

INTRODUCTION

Sudan is
study as
extends between
from the White

western
present

Central and
defined 1in the
the region which
10° and 15°N and
Nile in the east to the borders
with Chad in the west. The
region is an extension of the
African belt severely affected by
the last continental drought,
known as the Sahel and Soudatio-
Sahel regions. The region is also
known as Kordofan and Darfur. It
is shown in figure (1l).

Eleven station's records
from the region are investigated.
A grouping of the stations was
needed to decide which stations'
results to consider while deriving
conclusions about the stationarity
of annual rainfall in <the dif-
ferent sub-regions.

In grouping the stations

four paramelers were considered,
the mean of the series, the coef-
ficient of variation, the length
of the rainy season and the

autocoryelation coefficient at lag
one. According to the values of

[oF)

1

these parameters the region was
divided into five sub-regions
Khartoum, Northern Kordofan,

Southern Kordofan, Northern Darfur
and Southern Darfur. Table (1)
shows the grouping of the stations
and describes the annual rainfall
series for each station. Appendix
A shows graphical display of the
eleven annual rainfall series.
RESULTS oF THE TESTS OF
STATIONARITY AGAINST A TREND

Two tests, Kendall test
and Student's t test, W.M.0O tech-
nical note (5), were applied to
check the suspected downward trend
in annual rainfall series in the
region. Appendix B explains the
theory of the two tests. They
were applied one-sided tests
with the null hypothesis: ‘'the
series is a sample from a popula-
tion which is stationary in the
mean.', against the alternative
hypothesis: 'the series is showing
a downward trend.'. The results of
+he tests are shown in table (2)-

From the results of these

as

tests it was concluded that the
annual rainfall series from the
sub-regions of Khartoum, Northern
Kordofan and Southern Kordofan
proved stationary in the mean
while the annual rainfall series

from the sub-regious of Northern

Darfur and sSouthern Dariur proved
to be showing a downward trend.
The only exception was the vesult

of the Kendall test for the annual
rainfall series in Southern Kor-
dofan. but results from a weaker
test proved the stationarity of

Issue 30. Junel988



THE SUDAN ENGINEERING SOCIETY JOURNAL Issue 30. Junel98s
i
/AR \
't
/(
¢
A
i
i
| .
i ! _ Sub Sahard, Region KHARTOUM
e =\ = = XCTBREGION
| . NOKTHERN DARFUR \KHAR U
| \ KT ASHIR NORTHERN KORDFAM
¢ ° OgED o>
IAG e NIHGOD z
! L HEry /
! ~— DAy, \  keous =)
- —- S SOUTHERN KORDFAN
ol —y — AR RITT T N L_AALKAL
Bahr Blghazel basin s 7
l
/
Il

FIGURE (1) REGION OF CENTRAL AND WESTERN SUDAN
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Table

(') subregions

and Properties of Annual Raintalj ZSeries.

Subregions teriod of Mean Coefficient Autocorrelation Length of

and Stations Record (mm) of Variation Coefficient at Rainy Season
lag one (month)

(1) Khartoum:

Khartoun (1839-1486) 155.7 0.48 0.21 5

{?) Northern Kovdfan:

Kost (1909-1986) 387.6 0.29 0.34 6

1l Gbeid (1902-1986) 363.9 0.30 0.29 6

k£l Nihood (1912-1986) 393.7 0.29 0.19 6

(3) Southern KRordfan:

Kadugli (1910~-1986) 728.2 0.19 0.04 1

Malka) (1909~1986) 777.0 0.20 0.18 3

(4) Novthern parfur:

Fashir (1318-1986) 267.7 0.43 0.32 5

Kutum (1929-1986) 297.3 0.36 0.27 5

{5) Southern barfur:

Nyala (1920-1986) 457.4 0.26 0.42 6

El Ginena (1929-1986) 505.3 0.29 0.51 6

Zalingi (1929-1986) 603.06 0.23 0.57 6

Table

(2) Results of

the

Tests of Stationarity against a Trend.

Subreqion Station Kendall Test Student's t Test
(1) Khartoum Khartoum A* A
(2) Northern Kosti A A
Kordfan El Obeid A A
El Nihood A ;Y
(3) Southern Kadugli R A
Kordfan Malkal R A
{4) Northern El Fashir R R
Darfur Kutum R R
(5) Southern Nyala R R
Darfur EL Ginena R R
Zalingi R R

*A : The null hypothesis was accepted at the 5% level of significance.
R : The null hypothesis was rejected at the 5% level of significance,
the alternative hypothesis was accepted.
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the annual rainfall series in
Southern Kordofan at the 1% level
of significance.

It was noticed that sta-
tions from the western sub-
regions, which were Northern and
Southern Darfur, have shorter
records than the other stations.
Table (1) gives a clear picture of
this fact. For three of the sta-
tions, namely Kutum, Ginena and
Zalingi the record starts at the
year 1929, while for Elfashir and
Nyala it starts at years 1918 and
1820 respectively. It was
suspected that the non-
stationarity shown by the annual
rainfall series from the sub-
regions of Darfur was due to the
short records available there
rather than to any other factor.

Farmer and Wigley (1).
defined climate as the synthesis
of weather over a period long
enough to establish its statisti-
cal properties (mean values,
variances, probabilities of ex-
treme events, etc.) and is largely
independent of any instantaneous
(Weather) state. They concluded
that any discussion of climate
requires a specification of the
applicable time scale (inter-
annual, decadal and so on) and any
statement regarding prevailing
climatic conditions relative to
some normal should state what
reference period has been used to
define the normal.

In the light of those
conclusions, the same tests for
checking stationarity against a
trend were repeated for all the
stations with the same null
hypothesis: ‘the series is a
sample from a population which is
stationary in the mean. ‘'against
the alternative hypothesis ‘'the
series is showing a downward
trend.', considering only the
records with the common period,
namely (1929-1986). The results
for these tests are shown in table
(3). From these results it was
concluded that annual rainfall

40

amounts in the entire region are
showing a downward trend with
respect to the normal climatic
conditions prevailing since 19329,

The Kendall rank statis-
tic was used as a measure of the
correlation between the histori-
cally observed sequence of the
series and the series sorted in an
ascending order. A value of the
statistic close to a positive one
indicates a rising trend while a
value close to a negative one in-
dicates a falling trend. The Ken-
dall rank statistic for a station-
ary independent series of a suffi-
ciently large size will asymptoti-
cally approach zero. Table (4)
shows the Kendall rank statistic
calculated for all the stations
for the full record and also for
the common period of records.

DISCUSSION OF THE RESULTS

The difference between the normal
climatic conditions prevailing in
the region since the year 1899 and
the normal climatic conditions
prevailing since 1929 can be seen
very clearly in the change of the
value of the Kendall rank statis-
tic as calculated from the annual
rainfall series in Khartoum for
the two periods, a change from a
value of -0.03 which is not sig-
nificantly different from zero to
a value of -0.24 which was not
tolerated by a stationary process
even at the 1% level of sig-
nificance.

Nicholson (3) deriving
anomaly types for the region of
western and central Africa, in-
cluding the sub-regions considered
in the present study, classified
the years from 1902 to 1972 into
five annual rainfall anomaly types
well above normal, above normal,
normal, beiow normal and well
below normal annual rainfall.

In that study it was con-
cluded that the years 1902 to 1908
were highly correlated within each
other and were having well below
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Table (3) Results of the Tests of Stationarity against a Trend.
{1929-1986)

ééndall Test

Subregion Station Student's Test
{1) Khartoum Khartoum R* A
(2) Northern Kosti R a
Kordfan El Obeid R R
El ‘Nihood R R
(3) Southern Kadugli R R
Kordfan Malkal A A
4) Norhern El Fashir R R
Darfur Kutum R R
(5) Southern Nyala R R
Darfur El Ginena R R
Zalingi R R

* A : The null hypothesis was accepted at the 5% level of significance.

R : The null hypothesis was rejected at the 5% level of significance,
the alternative hypothesis was accepted
Table (4) Kendall Rank Statistic for Annual Rainfall Series,
Central and Wewtern Sudan.
Subregion Station Period of Record Kendall Rank Kendall Rank
Statistic Statistic
(full record) (1929-1986)
(1) Xhartoum Khartoum 1899-1986 -0.03 -0.24
(2) Northern Kosti 1909-1986 ~0.10 -0.19
Kordfan El Obeid 1802-1986 -0.09 ~-0.2%
El Nihood 1912-1986 -0.13 -0.25
(3) Southern Kadugli 1910-1986 -0.16 ~0.24
Darfur Malkal 1209-1986 ~-0.16 -0.12
(4) Worthern El Fashir 1918-1986 -0.32 -0.33
Darfur Kutum 1929-1986 ~-0.35 -0.35
(5) Southern Nyala 1920~1986 ~0.37 -0.38
parfur El Ginena 1929-1986 ~-0.29 -0.29
Zalingi 1929-1986 ~0.28 ~3.28
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normal level of vrainfall. The
years 1918, 1924, 1927 and 1928
were classified as years with
below normal rainfall. She also
described the vyears 1911, 1912,
1913 and 1917 as negatively corre-
lated to the anomaly type of well
above normal rainfall. None of
the years from the period 1902 to
1928 were classified with the
anomaly types of well above nor-
mal, above normal or normal annual
rainfall.

From this study it Wwas
concluded that on average the
period from 1902 to 1928 was a
period of low annual rainfall
amounts in the entire region of
western and central Africa. Hence
including this period within the
records of any of the stations
considered by the present study
affected the statistical
properties of the series.

Nicholson (3) calculated
the correlation coefficients be=
tween the areally averaged normal-
ized annual rainfall departures
for different sub-reg.ons from
western and central Africa. There
is a correspondence between the
sub-regions of that study and the
sub-regions of the present
study.sShe found significant cor-
relations between the regional
averages of the different sub-
regions. The correlation coeffi-~
cient between the sub-regions 16
(which included Northern Darfur)
and 17 (which included Northern
Rordofan) was calculated as 0.59,
while the correlation between sub-
regions 21 (which included
Southern Darfur) and 22 (which in-
cluded Southern Kordofan) was cal-
culated as 0.38.

Since annual rainfall
series in the eastern sub-regions
were proved stationary relative
to the normal climatic conditions
prevailing since the beginning of
the present century, and the
results of the correlations be-
tween the eastern sub-regions and
the western sub-regions were found

significant, it can be postulated
that annual rainfall series in the
entire region may be stationary
relative to the normal climatic
conditions prevailing in  the
region since the early years of
the present century.

CONCLUSIONS

A trend in annual rain-
fall is a sign of a climatic
change, but climate is a function
of the reference period considered
in defining the normal climatic
conditions. Hence a conclusion
about a trend in annual rainfall
is also a function of the period
of record investigated.

For the region of central
and western Sudan the common
period for the records of all sta-
tions considered extends from
1929 to 1986. For this period all
the stationarity tests indicate
that the present decline in annual
rainfall is significant and can
not be considered as a random
variability in the process.

For some of the stations
the records available start in
early years of the present cen-~
tury. These are mainly the sta-
tions in Kordofan and Khartoum.
The results of the tests run on
these records indicate that the
observed decline is insignificant.
This may suggest that similar
levels of rainfall were ex-
perienced in early years of the
present century.

A  continuation of the
present low levels of annual rain-
fall for the next few years will
favour the significance of the
decline and the unfortunate
climatic change.
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APPENDIX B
Kendall Test:

It is also called Mann-
Kendall test. It is a non-
parametric test. Kendall test is
applicable to data with a ranking
scale, in other words it is needed
to consider only the relative
values of the wvariable ¥ under
consideration.

The Kendall rank statis-
tic, v, 1is a measure of the cor-
respondance or the correlation be-
tween any two different rankings
X(I) and X(I') of N terms of any
variable X.

It can easily be calcu-
lated and interpreted by the fol-
lowing simple procedure:

Consider each possible
pair of terms measured for the

variable studied. Count the number
of times in which the order of the
two terms as appeared in the first
ranking agrees with the order of
the same two terms in the second
ranking. Denote it by NA. The num-
ber of times in which the order of
any pair in the first rapking dis-
agrees with the order of the same
pair at the second ranking ND, can
be obtained by subtracting NA from
the total possible number  of
pairs, NT.

Kendall rank statistic is
defined by the following
equations:

v =(NA-ND)/NT or
t =[NA-{NT-NA)]/NT or
T =(2NA=NT)/NT=2NA/NT-1.0

The value for NT is given
by the following equation:

NT = }.N.(N+1)

For the correspondance between
any two rankings, there are two
extremes:

(1) When both rankings are
identical then,

NA =NT,ND=0 => v = NT/RT =1.0

(2) -~ wWhen one ranking is the
reverse of the other then,

~-1.0

i

NA =0,ND =NT => t ==-NT/NT

This shows the similarity
between Kendall rank statistic and
the other measures of correlation,
e.g. Pearson correlation coeffi-

cient.
~ In applying Kendall test

 for testing first order

stationarity, one of the two rank-
ings should be the historically
observed sequence, the other rank-
ing can be the series sorted in an
ascending or descending order;
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usually it is taken as the rising
series. A value of the statistic
close to positive one indicates a
rising trend while a value close
to negative one indicates a fall-
ing trend.

For the above applica-
tion the calculation of NA can be
simplified as follows. Compare
the value of the first term of the
series X(1) with the values of all
later terms in the series from the
second to the Nth. Count up the
number of terms whose values
exceed X(1). Denote this number by
n(l). Compare the value of the
second term X(2) with the values
of all the later terms. Count the
number of terms which exceed X(2)
and denote it by n(2). Repeat the
same procedure until X(N-1) and
its corresponding number: n{N-1).
NA is given by the following equa-
tion,

NA =L n(i)

Kendall rank statistic, T,
calculated for a sample from an
independent population has a sam-
pling distribution which is very
nearly normal for N larger than
ten. It has expected value zero
and variance S* where,

(4N+10)

8% = —

[9.N. (N-1)]

This knowledge about the
sampling distribution of T
provided the basis for the test.

In a two-sided test of
size a, the condition for the ac-
ceptance of the null hypothesis,
that the series tested is a sample
from a population which is sta-
tionary in the mean, 1is given by
the following,

=S .Ta,2$ t$ S T,

Where

t+ :Kendall rank statistic calcu-

lated from the series

:value of the standard
normal distribution
corresponding to an
exceedence probability
a/2.

T,

The calculation of Ken-
dall rank statistic for a series
with tied observations, i.e. with
two or more terms sharing the same
value, is slightly different from
the described above. Siegel (4)
pointed out that for series with
few number of tied observations,
the difference is negligible.
This fact was checked during the
present study, in annual rainfall,
and proved true.

Student's t Test:

It is a very powerful
test for detecting changes in the
mean and trends.

Consider any two random
samples. The first sample con-
sists of N1 values. It is ob-
tained from an independent popula-
tion, with variable X1, mean Ul
and variance SS1°. The mean of
the sample denoted by XMl, is
defined as,

1 N1
KM1 = e, [(E X1(I)]
Nl I=1

The variance of the sample,
denoted by $1%, is defined as

1
(X1(1)-XM1)"]
1

1
S1%= g
N1 1

LI o 3~

The second sample con-
sists of N2 values. It is ob-
tained from an independent popula-
tion, with variable X2, mean U2
and variance S$S2%.
where,

8§27 = 881* = 887
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The mean of the sample, denoted by
M2, is defined by,

1 N2
XM2 = = [ E X 2(1)]
N2 I=1

The variance of the sample,
denoted by 82%, is defined by,

1 N2
S22 = = L [X(I)-XM2}2
N2 I=1
For applying the

Student's t test for the dif-
ference between the means of these
two samples, the test statistic TD
is computed by,

[ (XM1-XM2)-(U1-U2)]

™

i

[(1/81 + 1/N2).SP2}}

SP2 is an estimate of
the populations' common variance.
It is obtained by pooling the
variances of the two samples,

(N1.812 + N2.S822)

Sp2z =
(N1 + N2-2)

The test is based on as-
suming that the statistic TD is
distributed as a t distribution

50

With (N1+N2-2) degrees of freedom.
This assumption 1is true when the
population is approximately nor-
mally distributed.

Kendall and Stuart (2)
pointed out that, Student's t test
is a robust test, it can wvalidly
be applied to data possessing any
arbitrary frequency distribution,
except 1f the lengths of the two
samples tested are unequal, then
the distribution may not be
skewed.

In applying Student's t
test in the present study, for
testing the stationarity in the
mean, the series was split into
two samples of equal size. The
null hypothesis assumes zeroc for
the difference between the means
of the populations. The condition
for the acceptance of the null
hypothesis, that the series tested
is a random sample from a popula-
tion which is stationary in the
mean, is given for a two sided
test of size a by,

“Tw,s S TD ST,
where

T.,. :value from t distribution
with (N1+N2-2) degrees of freedom
corresponding to exceedence prob-
ability a/2.
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