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Abstract 
Having long-term daily-observed flow data of 44 years (1965-2009) makes a unique opportunity to 
study the hydrological changes on the Nile basin due to land use changes, upstream water usage, and 
climate change, and to know their impacts on the Nile River flow. In this study, the annual flow time 
series (TS), based on hydrological year (June- May), were analyzed and checked for the absence of step 
trends using two statistical software: Freq (Zhou, 1992) and Spell-Stat (Agor and Librada, 2005). 
Similar results were obtained. 
Flow TS of the Nile, Blue Nile, and White Nile were analyzed for the flow observed at Dongola, 
Eddeim (often written el Deim) and Khartoum, and Malakal stations, respectively. All flow TS were 
tested for the absence of step trends by checking the TS for the stability of the mean and the stability of 
the variance at 95% confidence level.  
Pettitt test (change point test) was used to identify the possible step trends in the TS under 
consideration. TS were checked for the absence of step trends for the probability higher than 0.8. 
Results show that since 1987/1988, the Blue Nile flow has increased significantly, as observed at 
Eddeim and Khartoum. For both Eddeim and Khartoum stations, the mean flow of the TS for the 
period from 1965/1966 to 1986/1987 is statistical lower than the mean flow of the TS for the period 
from 1987/1988 to 2008/2009. The flow increase after 1987/1988 creates step trend in the flow TS at 
Eddeim and Khartoum. Flow TS at Eddeim and Khartoum were found to be both stable in the variance. 
It is worth to mention that in 1988, Sudan had experienced huge and devastating flood (Sutcliffe et al. 
1989). 
On the contrary, the White Nile flow has decreased, as observed at Malakal. Since 1972/1973, the flow 
has dropped significantly making the TS not stable in the mean. However, the flow TS is stable in the 
variance. 
Finally, the Nile flow TS, as observed at Dongola, was found to be stable in both the mean and the 
variance, i.e., there is no step trend in the TS. Results also show that there are high correlations 
between the stations on the Nile and the stations on the Blue Nile on one side and the stations on the 
Attbra River on the other side, and a weak correlation between the stations on the Nile and the stations 
on the White Nile. This indicates the strong influence of the Blue Nile and Attbra River flows on the 
Nile flows. The implications of this study are for climate change studies, for water management and 
planning, and for early warning systems. 
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1. INTRODUCTION 

The Nile River and its tributaries are the major and most important surface water resources in Sudan. 
Most part of its water resources is from the Ethiopian plateau and the equatorial lakes, and some part is 
from the rainfall over the Nile basin inside Sudan.   The rain falls over the Ethiopian plateau twice per 
year: The short rainy season which starts at the mid of March and ends at the end of May, and the long 
rainy season which starts at the second half of June and ends at the second half of September. 

The Ethiopian plateau is high and have sharp decline towards Sudan lands, which makes its rivers 
(Blue Nile and its tributaries Dinder and Rahad, River Attbara and Sobat River) are direct reflect to the 
rainfall and consequently the basic source of the floods, where the most inflow of the Blue Nile and 
Attbara River is in the period from May – October and they are the important source of the sediment in 
the reservoirs and main canals. 
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The annual inflow of the three rivers is about 85% of the normal total inflow of the Nile. The Blue Nile 
and its tributaries (Dinder and Rahad) is the main and important source of the floods, and its inflow at 
the flood period is about 66% from the total inflow of the Nile at the flood period. While the inflows of 
the White Nile at Malakal (Sobat and Bahr elgabal), and the Attbra River during flood is 15% and 19% 
of the total inflow of the Nile at the flood period, respectively. 

At the equatorial plateau the rain falls more or less around the whole year (April – November) and it is 
the main source of Bahr el Jabel flow which looses half of its inflow at the swamps region in southern 
Sudan. Downstream the swamps, just after the conjunction with Sobat River, the White Nile starts.    

To investigate the climate change vulnerability on the Nile, for better water planning and management, 
and for early warning systems, the Nile River flow TS has been tested for the absence of step trends. In 
addition, the correlations between the stations that are used in flood forecast were also carried (See 
Fig.1). 

The investigation has been done using the long-term daily-observed flow data of 44 years (1965/1966-
2008/2009). The key stations that have been used for investigating the absence of step trends are 
Eddeim and Khartoum on the Blue Nile, Malakal on the White Nile, and Dongola on the Main Nile. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Sudan hydrological network 

2. METHODOLOGY 

The procedure and test applied in this study are as follow: 
a) Visual check of data consistency 
b) The annual flow TS, based on hydrological year (June-May), of the key stations in the study area: 

Eddeim, Khartoum, Malakal, and Dongola were analyzed for step trend analyses. 
c) The correlations between stations were carried out using long-term daily-observed flow data.  



Inves
 

Nile B

d) 

The 
poss
varia
chan

The 
subs
Fish
of th
the T
2003

3. 

In th
hydr
test (
Nile 
flow
sugg
the h
step 
were

 

 

 

 

 

 

 

 

 

 

stigation of Step

Basin Water Sc

Two statistic
analyze TS f
1) Pettitt tes
2) Test for t
3) Test for t

change point 
ible change p
ance and the t
nge point. 

test of the stab
ets of the TS.
er distribution

he mean. The 
TS (same subs
3; Dahmen an

RESULTS A

his study, the 
rological year 
(Fig. 2) was u
River. The p

w TS are check
gests that there
hydrological y
trend analyse

e carried out a

Figure 2: P

p Trends of the 

cience& Engine

cal software: F
for: 
st (Change po
the stability of
the stability of

test is used t
point is identi
test for the sta

bility of the v
. The distribu
n. Similarly, th
test compute

sets used for t
d Hall, 1990; 

AND DISCUS

flow TS wer
(June-May). 

used to identif
robability hig

ked for the ab
e are possible
year 1987/198
es are summa
at 95% confide

ettitt test for

Nile River Flow

eering Journal, 

Freq (Zhou, 1

int test) 
f the variance
f the mean 

to determine a
ified, the TS i
ability of the 

variance comp
ution of the va
he t-test, whic

es and compar
the stability of
Bushara, 200

SSIONS 

re checked fo
The annual fl
fy possible ste
gher than 0.8 i
sence of step 

e step trends f
88, 1987/1988
arized in table
ence level. 

:  a) Eddeim,

w Time Series

Vol.3, Issue2, 2

992) and Spel

 

at what time 
is split at that
mean will be 

utes the ratio 
ariance ratio fr
ch has Studen
res the means
f the variance)
7. 

or the absence
lows were com
ep trends in th
is considered 
trends only if

for flow at Ed
8, 1972/1973,
e 1 and presen

, b) Khartoum

2010

ll-Stat (Agor a

there is possi
t point. Then,
applied by sp

of the varianc
from the norm
t’s t-distributi

s of the two sp
). For more de

e of step trend
mputed from t
he flow TS for
statistically s

f the probabili
deim, Khartou
, and 1979/19
nted in figure

m, c) Malaka

and Librada, 2

ible change in
, the test for t
plitting the TS

ces of two spli
mal distribution
ion, is comput
plit, non-over
etails about th

ds using annu
the observed d
r the Blue Nil
ignificant (Ag
ity is higher th
um, Malakal, 

980, respectiv
es 3 and 5. T

l and d) Dong

2005) were us

n the TS. Onc
the stability o
S at the prede

it, non-overlap
n is known as
ted for the sta
rlapping subse
hese tests see A

ual flows base
daily flows.  P
le, White Nile
gor, 2003), an
han 0.8. Pettit
and Dongola
ely. The resu

The trends ana

gola stations 

17 

sed to 

ce the 
of the 
efined 

pping 
s F or 
ability 
ets of 
Agor, 

ed on 
Pettitt 
e, and 
nd the 
tt test 

a after 
ults of 
alyses 



Inves
 

Nile B

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stat

 
Edd

 
Kha

 
Mal

 
Don

* Fo

stigation of Step

Basin Water Sc

 

 

 

Figure

tion Data 
For h

deim 
 
1965
and 
2008

artoum 
 
1965
and 
2008

lakal 
 
1965
and 
2008

ngola 
 
1965
and 
2008

or mean flow t

p Trends of the 

cience& Engine

e 3: Step tren

subsets 
hydrological year 

/1966 to 1986/19
1987/1988 

/2009 

/1966 to 1986/19
1987/1988 

/2009 

/1966 to 1971/19
1972/1973 

/2009 

/1966 to 1978/19
1979/1980 

/2009 

the whole data

Nile River Flow

eering Journal, 

nds for:  a) Ed

Table 1
F-test 

987 
to 

 
0.415 < 1.
True, 
TS is stabl

987 
to 

 
0.415 < 1.
True, 
TS is stabl

972 
to 

 
0.199 <1.3
True, 
TS is stabl

979 
to 

 
0.351 < 2.
True, 
TS is stabl

aset is used. 

w Time Series

Vol.3, Issue2, 2

ddeim, b) Kh

 

: Step trend 

.83< 2.409 

le in the variance

.848 < 2.409 

le in the variance

36 < 2.409 

le in the variance

.061< 2.39 

le in the variance

2010

hartoum and 

analyses 
t-test 

e 

 
-2.018 < 2.58
False, 
TS is not stab
 

e 

 
-2.018 < 2.07
False, 
TS is not stab
 

e 

 
-2.018 < 4.23
False, 
TS is not stab
 

e 

 
-2.018 < 1.59
True, 
TS is stable i
 

c) Malakal st

89 < 2.018 

ble in the mean 

77 < 2.018 

ble in the mean 

33 < 2.018 

ble in the mean 

95 < 2.018 

in the mean 

tations 

(Mean annual 
(Billion m3/ye

 
47.2416 

 
43.5299 
 

 
31.4369 

 
 
71.999 
 

18 

flow 
ear)* 



Inves
 

Nile B

Sinc
Khar
diffe
the T
foun

The 
respe
Simi
Mm3
flow
respe
(Sutc

On t
redu
but n
(Pett
1972
Mek
Mm3
mini
respe
when
(Fig.
Whit

 

 

 

 

 

 

 

 

 

 

 

 

Fig

In th
foun
from
to th
locat

The 
varia
Rive
cons
Whit

stigation of Step

Basin Water Sc

e 1987/1988,
rtoum station
erent at 95% c
TS at Eddeim

nd to be stable

minimum an
ectively. The 
ilarly, the min
3, respectively

w of the Blue
ectively. It h
cliffe et al. 19

the contrary, f
uction after 19
not in the mea
titt test), and
2/1973. Howe
kawi, 2009, u
3. The mean 
imum and m
ectively, and w
n the water lev
. 4), the Whi
te Nile flow.  

gure 4: Lake 

his study, the 
nd that the Att
m 1986 to 2000
he clime chan
tion of the step

flow TS of 
ance, i.e. there
er flows increa
stant, this imp
te Nile flow i

p Trends of the 

cience& Engine

 the flow of 
s (Fig. 3a and
confidence lev

m and Khartou
 in the varianc

nd maximum 
minimum an

nimum and ma
y, and were o
e Nile observ
has to mentio
989). 

for the White 
972/1973 caus
an. It has to b

d that constra
ever, there is
sed data from
annual flow 

maximum annu
were occurred
vel of Lake V
te Nile flow 

Victoria, mo

flow TS of t
tbra River flow
0, and they did
nge effect, an
p trends could

the Nile, as 
e is no step tr
ase, and as th
lies fixed amo
is counterbala

Nile River Flow

eering Journal, 

the Blue Nil
d 3b). The m
vel. Differenc
um exhibit ste
ce but not in t

annual observ
d maximum f
aximum annua
occurred in 19
ved at Eddeim
on that in 19

Nile flow, the
sing step trend
be mentioned 
ains making 
s no doubt ab
m 1965 to 20

of the White
ual observed 
d in 1984/198

Victoria is very
declines too, 

nthly measur

the Attbra Riv
w is increasin
d not observe 
nd as the clim
d be slightly s

observed at D
rend in the N

he White Nile 
ount of water 
anced by the in

w Time Series

Vol.3, Issue2, 2

le has increas
eans of flow 

ce in means ca
ep trend in th
the mean, as m

ved flow at E
flows occurre
al observed fl

984/1985 and 
m and Khart

988 Sudan ha

e analysis sho
d in the TS (F
that only few
solid judgme

bout the flow
00, have foun
e Nile observ
flow at Mal

5 and 1965/19
y high (Fig. 4)

this suggests

red levels- 18

ver is not ana
g with an ann
step trend in 

mate change 
hifted. 

Dongola, show
Nile River flow

flow decreas
used within th
ncrease of the

2010

sed significan
before and af

ausing instabi
his year. The 
mentioned.  

Eddeim is 29
d in 1984/198
ow at Khartou
1988/1989, re
toum is 47.2
ad experience

owed that ther
Fig. 3c). The f
w data-points a
ent about the

w decrease of
nd an annual 
ved at Malaka
lakal is 24.70
966, respectiv
). As the wate
s the strong c

896-2006, afte

alyzed, but Bu
nual amount o
the TS. As the
effects occur 

wed to be st
ws (see Fig. 5
ses, and as the
he Sudan, and
e Blue Nile an

ntly as observ
fter 1987/198
lity of the me
flow TS of th

.902 Mm3, a
85 and 1988/1
um is 14.807 M
espectively. T
416 Mm3 an
ed huge and 

re is statistical
flow TS is sta
are used for th
e presence o
f the White N

flow reducti
al is about 3
009 Mm3, an

vely. The max 
er levels of the
control of Lak

er Sutcliffe an

ushara and M
f about 615.6
e step trends a
gradually, th

able in both 
5). As the Blu
e Nile River f
d implies that 
nd Attbra Riv

ved at Eddeim
88 are signific
ean for the TS
he Blue Nile 

and 67.2586 M
1989, respecti
Mm3, and 76

The average an
nd 43.5299 M

devastating 

lly significant
able in the var
he split recor

of step trend 
Nile. Bushara
on of about 9
1.4369 Mm3
nd 39.3775 M
flow had occ

e lake are decl
ke Victoria o

nd Petersen, 2

Mekawi, 2009 
5 Mm3, using
are more likely
herefore, the 

the mean an
ue Nile, and A
flow fairly rem
the decrease o

ver flows. The

19 

m and 
cantly 
S, and 

were 

Mm3, 
ively. 
.3574 
nnual 
Mm3, 
flood 

t flow 
riance 
d test 
after 

a and 
97.43 
. The 
Mm3, 
curred 
lining 

on the 

2007 

have 
g data 
y due 
exact 

d the 
Attbra 
mains 
of the 

e flow 



Inves
 

Nile B

redu
from
wate
the B
trend
findi

 

 
 
 
 
 
 
 
 
 
 
 

Figu
perio
perio
figur
Hass
on th
varie

The 
ment
the A
Nile 
corre
Attb

The 
dam
river

On t
Nile 
coef
Whit

Our 
Fig. 
is le
Blue

 

stigation of Step

Basin Water Sc

uction of the W
m the East Afr
er from the W
Blue Nile flow
d in the Nile 
ings. 

ure 6 shows t
od from 1965
od from 2000 
re shows tha
sanab, and Do
he Blue Nile 
es between 0.9

correlation b
tioned that the
Attbra River. 

River indica
elation betwe
ra River flow 

correlation be
s, abstractions
r reach. 

the other hand
vary from n

fficient =0.459
te Nile indicat

findings are 
7), which sho
ss controlled 

e Nile and Attb

p Trends of the 

cience& Engine

White Nile co
rican lakes an

White Nile basi
ws. However,
flows. Theref

Figure 5:

the correlation
5 to 2009 for

to 2009 for th
at there are h
ongola), and h
(Eddeim and

989 and 0.882

between Dong
e Attbra River
The high cor

ate the strong 
en Dongola a
to some exten

etween Kharto
s, rainfall run

d, the correlati
no correlation
9). The weak
te the little co

consistent wi
ows the contro
by the White
bra River repr

Nile River Flow

eering Journal, 

ould be due t
nd the swamps
in falls as pre
, the total am
fore, detailed 

: Flow TS an

n between m
r the stations:
he stations: T

high correlati
high correlatio
d Khartoum). 
2, which is ver

gola and Khas
r is a seasonal
rrelations betw

control of th
and Khashm E
nt during the f

oum and Edd
off to the rive

ions between t
n (correlation

k correlations 
ontrol of the W

th the Ministr
ol of the Blue
e Nile. The W
resent the floo

w Time Series

Vol.3, Issue2, 2

o the effect o
s in the south

ecipitation ove
mount of wate

climatologica

d the mean fl

measuring stati
: Eddeim, Kh

Tamaniat, Kha
ons between 
ons between th
The correlatio
ry high correla

shm El Girba
l river and Kh
ween the stati
he Blue Nile 
El Girba indi
flow of the At

deim is affecte
er, Rahad and

the stations on
n coefficient 
between the 

White Nile on t

ry of Irrigatio
e Nile and Attb
White Nile rep
od flows of the

2010

of climate cha
hern Sudan. A
er the Blue Ni
r remains fair
al studies are 

flow at Dongo

ions using da
hartoum, Mala
asm El Girba, 

the stations 
he stations on
on coefficient
ation.  

a is 0.8039, w
hashm El Girb
ons on the Bl
on the Nile 
cates that the
ttbra River. 

ed by evapora
d Dinder flows

n the Nile Riv
= 0.0276) to
stations on th
the Nile River

on and Water 
bra River on t
presents the b
e Nile. 

ange, as more
And it seems t

ile basin, caus
rly constant, a
recommende

ola station 

aily observed 
akal, and Don
Jebel Aulia, a
on the Nile 

n the Nile Riv
t between all 

which is also 
ba is a flow me
lue Nile and 
River flow. S

e Nile flow is

ations from Ro
s, and transmi

ver and the sta
o weak corre
he Nile and t
r flow.  

Resources, 2
the Nile flow,

base flow of t

e water evapo
that the evapo
sing an increa
as there is no
d to confirm 

flow data fo
ngola, and fo
and Hassanab

River (Tam
ver and the sta

the above sta

high. It has 
easuring statio
the stations o

Similarly, the 
s controlled b

oseires and Se
ission losses i

ations on the W
elation (correl
the stations o

2009, findings
, and the Nile
the Nile, whil

20 

orated 
orated 
ase of 
o step 
these 

or the 
or the 
b. The 
aniat, 
ations 
ations 

to be 
on on 

on the 
high 

by the 

ennar 
in the 

White 
lation 

on the 

s (see 
e flow 
le the 



Inves
 

Nile B

 
 
 
 
 
 
 
 
 
 
 

stigation of Step

Basin Water Sc

p Trends of the 

cience& Engine

Nile River Flow

eering Journal, 

w Time Series

Vol.3, Issue2, 22010 21 



Inves
 

Nile B

 
 
 
 
 
 
 
 
 
 
 
 
 
 

stigation of Step

Basin Water Sc

p Trends of the 

cience& Engine

Figure 6:  

Nile River Flow

eering Journal, 

Daily observ

w Time Series

Vol.3, Issue2, 2

 
ved flow corre

2010

elation betweeen stations 

22 



Investigation of Step Trends of the Nile River Flow Time Series 
 

Nile Basin Water Science& Engineering Journal, Vol.3, Issue2, 2010 23 

 
Figure 7:  Long-term (1965-2008) flow hydrograph of the Nile and its main tributaries within the 

Sudan, the source is the Ministry of Irrigation and Water Resources, Nile Water Directorate, 
flood report 2009. 

4. CONCLUSION  

In this study, we investigated the absence of step trends in the Nile River flow TS, using daily-observed 
flow data of 44 years (1965-2009). The data were analysed based on hydrological year (June-May). 
The main findings of our study are as follow: 

1) The Blue Nile flow TS were found to be stable in the variance but not in the mean, i.e. there is 
step trend. Since 1988, the Blue Nile flows have increased significantly, as observed at 
Eddeim and Khartoum flow measuring stations.  

2) The White Nile flow TS were found to be also stable in the variance but not in the mean, i.e. 
there is step trend. Since 1973, the White Nile flows have decreased significantly, as observed 
at Malakal measuring station. 

3) The Nile flow TS were found to be stable in both the variance and the mean, i.e. there is no 
step trend. The Nile flow TS were analyzed for the flow observed at Dongola. 

4) To understand the link between the upstream and downstream flow stations, and to check data 
consistency, correlation between stations are carried out. Results shows strong correlation 
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between the stations on the Nile and the stations on the Blue Nile on one side and the stations 
on the Attbra River on the other side. There is weak correlation between the stations on the 
White Nile and the stations on the Nile. This indicates the strong control of the Blue Nile and 
Attbra River, and less control of the White Nile on the Nile River. 
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