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Abstract

Like many African countries, Senegal faces significant challenges in water resources
management due to high variability of annual floods, and climate change effects. As attenuation
measures, Diama and Manantali Hydrosystem has been built on the Senegal river basin, the
first to stop sea water intrusion, the second as multipurpose one for irrigation, energy supply
among others. It becomes by the way very important to assess the effect of climate change on
water resources management of the Manantali Dam. The semi-distributed model SWAT has
been first calibrated and validated on the Bafing River basin. Outputs of Three models of
General Circulation Mode (CCCmaCanESM2; MOHC-HadGEM2-ES MPI-M-MPI-ESM-LR)
has been used as input to SWAT to generate daily flows at Bafing Makana stream gauge for the
period 2006-2090. Statistical tool Khronostat are used to test the obtained time series of annual
flows for shift and trends for each scenario. For higher scenario, upwards trends and increasing
shifts have been noted for annual flows, while.

by the end of the 21st century [2], [3]. The
climate global changing will have a range of
significant impacts, including on extreme
weather events, natural ecosystems,
human’s health and economic activity [4].
The Climate is characterized in Africa by a
wide variety of climate systems ranging
from humid equatorial, through seasonally-
arid tropical, to sub-tropical Mediterranean-
type climates [5. The countries of West

1. INTRODUCTION
The challenges of 21st century is food
security, fight against poverty and climate
change. Climate change is one of the
biggest challenges that human societies face
nowadays [1]. A comprehensive review of
the potential impacts of climate change
indicates that runoff, precipitation and
temperatures are probably going to increase
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Africa are among the most vulnerable to
impacts of climate change [6].

The Senegal river is the second most
important river of West Africa, after the
Niger [7]. In 1960, a reduction of flow near
60% was detected due to the climate change
on Senegal River [8], [9]. This lead to the
creation in 1972 of the Organization for the
Development of the Senegal River
(OMVS). Its major concern was to develop
infrastructure to address water stress
resulting from a cycle of droughts, develop
agriculture, reduce the cost of hydro-
electricity and open up Mali by improving
navigation. The economic and social
activities of this river is closely linked to the
availability of water resources. The most
important economic sectors are agriculture
and energy production. A Manantali dam is
built on Bafing River and was made has
been commissioned in 1988 and controls
about 40 to 60% of the Senegal River flows.
This dam is multipurpose (Hydropower,
irrigation, low water and flood support).
Knowledge of flow behavior on Bafing
River is very important for management of
water resource of Manantali dam. In 1990
Senegal river advantage of the upturn of the
flows [10]. Statistical test is used to know
flow behavior. There are several statistical
tools to detect trends and shifts in
hydrological time series (precipitation,
temperature and flow). Similarly, to
appreciate impact of climate change, the
global climate models are used. The
methods and techniques developed for
detecting shifts in hydrological time series
and description of different approaches
involved in adjusting climate data have
been investigated by many researchers [11],

[12] , [13]. Tests for significant trends
detection in climatologic time series can be
classified as parametric or non-parametric
methods. Parametric trend tests require data
to be both independent and normally
distributed, while non-parametric trend
tests require only that the data be
independent [14]. The statistical tests have
been applied to study the comportment of
precipitation, temperature and flows using
is observed or generated. [15] applies Pettitt
method to assess change point of flow on
two gauges stations of the Yangtze River of
China during the period 1882-2010. [16]
use Mann-Kendall test, Modified Mann-
Kendall and Sen's slope estimator to
determinate trends of monthly variability of
rainfall, from 1971 to 2010. [17] applies
Mann-Kendall test to put in evidence trend
in the available series of annual maximum
and minimum temperature for the study
area for a period of 1901- 2007. Mann-
Kendall test and Sen’s Slope Estimator have
been applied in Jakara River Basin at the
period 2001-2010 by [18] to detect and
quantify trend in the precipitation and water
quality time series. In Senegal, [11] assess
the climate variability and change in annual
and monthly data rainfall behavior between
1970 and 2010 through statistical tests for
trends, shift and randomness. [19] applied
Standardized Precipitation Index, Climatic
Moisture Index and Hubert’s Procedure of
Segmentation to asses drought in Senegal
River. This study shows that the reduction
of rainfall at 1970, 1980 and 1990 decades.
HBV model has been calibrated, validated
Richmond River Catchment and forced on
with seven Global Climate Model to
evaluate impacts of future climate change
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on the hydrological response [20]. The
results of this study show that the
hydrological status of the catchment is
likely to change significantly.

The main objective of the present work is to
check for trends and shifts in the time series
of flow in the Bafing River Catchment
(Senegal River) at the Bafing Makana
stream gauge. The CMIP5 project climate
models are used in these studies. They allow
to assess the projected changes in future
rainfall under four different greenhouse gas
emission scenarios  called RCPs
(Representative Concentration Pathways).
The fourth generation of GCM simulations
from Canadian Centre for Climate
Modelling and Analysis are used in this
paper to generate climate data:
CCCmaCanESM2, with resolution ~2.8°,

2. Material and methods

2.1. Study Area

The study area is the watershed of Bafing
River upstream of the Bafing Makana
stream gauge (figure 1). It is located
between 10 ° 30 'and 12 ° 30" north latitude
and between 12 ° 30 'and 9 ° 30" west
longitude. Bafing Makana is the main
tributary of Senegal River. The Senegal
River is a transboundary River. It crosses
Guinea, Mali Mauritania and Senegal.
This Basin  Development  Organization
(OMVS) is a regional cooperative
management  body of  the Senegal
River which currently includes Guinea,

Met Office Hadley Centre England
(MOHC-HadGEM2-ES) and Max Planck
Institute for Meteorology (MPI-M-MPI-
ESM-LR).

Two RCPs scenario of green gas emission
have been selected for analysis: RCP45
representing the mid-range greenhouse gas
emission scenarios and the RCP85
representing the high-end greenhouse gas
emission scenarios corresponding to a
‘worst case scenario’. Outputs climate data
of these scenario have been used as inputs
to SWAT model to generate time series of
flows at Bafing Makana stream gauge for
the period 2006-2090. Mann-Kendall and
Sen’s slope trend test detection and
Hubert’s procedure and Pettitt change point
analysis test have been used.

Mali, Mauritania, and Senegal. Senegal
River upstream Bafing Makana has a
tropical climate with annual mean
temperature is 27.6°C annual mean rainfall
of 1166 mm (Climate-Data.org). Four
fictitious rain gauge station of the Bafing
River Basin are selected (Table 1).

Table 1: Rain gauges stations coordinates

Station | Latitude Longitude | Location

Fictitious

S0 13.19°  -1042° | Qutlet of Manantali Dam
SI 1212°  -1048° | Near Bafing Makana

2 [1.51°  -10.78° | Upstream Dakka Saidou
S3 [1.22°  -11.34° | South of Bafing river
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Figure 1: Bafing River Catchment

2.2. Tools and Data using
SWAT (Soils Water Assessment Tools), a

physically based hydrologic model, has
been selected as rainfall runoff model to
generate flow. SWAT model inputs are
topography, land-use, soil, climatic data,
and stream flow data. It gives as stream
flows as outputs. Topography was defined
by a digital elevation model (DEM). SWAT
model can use one or many gauges station
located in study area. SWAT model was
calibrated and validated on Bafing River.
Statistical treatment has been performed
using Khronostat 10.1. Khronostat is a tool
for processing data developed by IRD. It
allows to put out shifts in time series.

2.3.Description of Global Circulation
Model (GCM)

Global Climate Models are mathematical
tools based on equations of fundamental
physics. They are able to simulate many
important aspects of Earth’s climate [21]
(Hayhoe et al., 2017): large-scale patterns
of temperature and precipitation, general

characteristics of storm tracks and
extratropical cyclones, and observed
changes in global mean temperature and
ocean heat content as a result of human
emissions. Forecasts of changes in future
climate due to emissions from human
activities begin with the development of
emission scenarios. These scenarios are not
predictions, but represent plausible future
conditions under particular assumptions.
The emission scenarios were developed in
the mid-1990s and are based on 4 different
storylines (Figure 2). Each storyline
represents different world futures [22], [23],

[8].

a world with quick economic
growth and a quick launch of new
and efficient technologies (Al),

e avery heterogenic world with focus
on family wvalues and local
traditions (A2),

e a world without materialism and
launch of clean technologies (B1)

e a world with focus on local

solutions for economic and

ecological sustainability (B2)

Climate models are the main tools for
investigating projected long-term
precipitation changes. These models can be
applied in two cases: simulate past
precipitation and simulate possible future
precipitation under different greenhouse
gas emission scenarios [24]. Climate
models has allowed to replicate long-term
climatological changes in  observed
precipitation with considerable success [3].
The general circulations models used in this
paper are Canadian Centre for Climate
Modelling and  Analysis (CCCma-
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CanESM2), Met Office Hadley Centre. CCCma CanESM2
Rainfall mm Tmax mean Tmin mean
England (MOHC-HadGEMZ2-ES) and Max Rcpd.5 | Rep8.5 | Repd.5 | Rep8.5 | Repd.5 | Reps.s
. SO 723 711 233 38.7 222 37.8
Planck Institute for Meteorology (MPI-M- s1 1259 | 1242 [219 [374 [208 |365
. - . S2 1340 1349 21.0 35.8 19.9 35.0
MPI-ESM-LR) and were identified in S3 3657 | 3612 | 196 324 | 187 |316
. MOHC-HadGEM2-ES
literature [25]’ [26]' [26]1 [28]- Two Rainfall Tmax mean Tmin mean
.. . . Rep4.5 | Rep8.5 | Rep4.5 | Rep8.5 | Repd.5 | Rep8.5
emissions scenarios medium (RCP4.5) and So e Tio0s T2z Targ Tt Tas
. . S1 1575 1650 35.2 36 20.7 21.8
high (RCP8.5) have been associated to all © 539 11659 1337 1345 108 12009
S3 3925 4136 30.3 31.1 18.5 19.5
these models. In the table 2 we present the R
. - - - infall i e
characteristics of the climate model used in S TReps 5 | Rend 2 T aess  Remt s | Repss
H S0 1127 1152 35.8 36.6 21.2 222
thls paper S1 1670 1736 34.5 353 19.9 20.8
S2 1669 1738 33.0 33.8 19.0 199
Table 2: Main characteristics of the 53 4036|4150 1298 |305 [180 [I88

considered CMIP5 models

Model Modeling Center Type of GCM Horizontal resolution (latlon)

CalFSM2 | (CCma (Canade) | ESM 008

HadGEM2-ES | MOHC (K) ESM 125/ 1§79 4

MPLESM-LR _ MPEM (Germany) | ESM 1911875 @ ——
The climatic input data are generated from i
climate models. They consist of rainfall, ‘ ‘
temperature, relative humidity, solar == | Bl = = “:|.'“": =
radiation and wind speed. The Rainfall and o (o ] (5] i) L Lo
temperature were presented in table 3 on the LN A o S
period of study, 2006-2090. The rainfall Figure 2: Schematic illustration of SRES
means annual increase from Northern to scenarios. Four qualitative storylines yield
Southern and the temperature decrease from four sets of scenarios called “families”:
Southern to Northern. (Source: IPCC, 2000)

2.4. Description of the Statistic Tools
Statistical analysis is fundamental to all

study of climates data. It is the main tool
used in time series analysis

2.4.1. Shifts Test
Detection of abrupt shift in long time series

of hydrological data is gaining in interest
since researches an important and difficult
issue, of increasing interest. In this study we
use Hubert procedure of segmentation of
time series and Pettitt test. The null
hypothesis Ho is “no shift in the time series”

and the significance level is of o = 0.05. A

Table 3: Rainfall and temperature data on
the period of study
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brief description of these of these tests is
presented below.

e Hubert Procedure of Segmentation
[29]

In the Hubert procedure of segmentation,
the time series is divided into m
consecutives segments. The mean values
calculated on the segment can be
significantly different to the mean of the
raw data [10]. The method searches the
multiple change of means in the time series.
The null hypothesis is accepted if the
process of segmentation is order three or
plus segments. The segmentation is defined

by:
e Pettitt Test [30]

The Pettitt test is a rank-based
nonparametric statistical test. It detects a
significant change in the mean of a time
series when the exact date of the change is
unknown. This test is extensively
employed in both hydrological and
precipitation shift detection studies. The
null hypothesis Ho is “no shift in the time
series”, while the alternative hypothesis H1
is “an upward or downward shift. Ho is
tested at the 5% significance level [31].
The null hypothesis of the test is that, when
arbitrarily splitting the sample in two
segments, there is no change in the mean
value of each segment [15]. To achieve the
identification of change point, a statistical
index U, y is defined as follows.

Uy = ZfZﬁ-V:m Dij (1)

1if(xj_xi) >0
D;; =sgn(x; —x;) { 0if (xj—x)=0 (2)
~1if (%) <0

Given a certain significance level a, if the p-
value p < a, the null hypothesis is rejected
and the time series present a significant
change point for the level a.

2.4.2. Trends Tests
The trends and variability in hydrological

variables are assessed using a statistical test
for trend as well as further data analysis to
examine the  relationship  between
hydrological variables and climatic factors
[32]. We chose therefore to use a
nonparametric test (Mann Kendall test) to
detect the presence of a trend, a
nonparametric estimate of the slope of the
trend (Sen’s slope estimate).

e Mann-Kendall test

The non-parametric Mann-Kendall test has
been used to assess the presence of
significant trends in flows data. It
determines if a monotonic increasing or
decreasing long-term trend exists. The
Mann Kendall test have been used in earlier
studies to detect trend in rainfall data [33].
Test statistic S of the test is defined as
follows:

S=Yr ?=1+1 sgn(x; — x;) 3

where x;, X5, ........ X, represent n data
point and x; represents the data points at
time j.

1lf(x]—xl)>0
sgn(x;—x;) =4 0if (xj—x)=0 4
The test statistic (S) is assumed to be
approximately normal, with E(S) = 0 for

sample size n> 8 and with a variance given
by equation (5)

IJSER © 2019
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 10, Issue 5, May-2019 218

ISSN 2229-5518

n(n-1)(2n+5)

Var(S) = o (5)

The standardized test statistic Z is computed
by

\/Vsa;r—ts) when S > 0
whenS =0 (6)

ZMK = 0
S+1 whenS <0

var(s)

The null hypothesis of no trend (increasing
or decreasing) is rejected when |Z,x|>1.96.
A positive or negative value of Z indicates
an upward or downward trend, respectively
[34].

e Sen’s slope estimator

In the case a linear trend exists, the true
slope can also be estimated by a
nonparametric procedure developed by Sen
[1968], which is closely linked to the Mann-
Kendall test. This means that linear model f
(t) can be described as following:

f(t)=Qt+B (7)
where Q is the slope B is a constant.

The slope estimates of N pairs of data are
first computed by [35] (Tabari et al., 2015).

_ Xj—Xk

Q; = (8)

j-k

where x; and x; are data values at time j
and k respectively and j > k. The Sen’s
estimator of the slope is the median of these
N values of Q;. The N values of Q; are
ranked from the smallest to the largest [36].
The Sen’s estimator is computed by:

N+1

Qms = Q(=); if N'is odd ©))

N+2

Qms =5[Q(3) +Q(=I)]; if N is even(10)

Co =Z,_ax/Var(S) (11)

where Q,,,s is the median slope; C, isa
standardized Gaussian statistic.

If the median slope is within the range of (
(n_zca) and (n‘l'zca)
accepted [11].

) the null hypothesis is

3. Results

3.1. Exploratory Data Analysis

In the figure 3 we compare the plots of
observed and simulated flows versus time
for rcp4.5 and rcp8.5 scenarios on the
period 2006-2015. For station SO, S1 and S2
the flows observed are significantly higher
than flows simulated for all models.
However, at the station S3 the flow
simulated are more important than the flow
observed. This differences in flow is partly
due to the difference of rain. It appears that
the stream flow simulated from MPI-M-
MPI+ESM-LR model is closer to observed
stream values among all other climate
models.
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CCCma-CanESM2 MOHC-HadGEM2-ES MPI-M-MPI+ESM-LR.
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Table 4: Calculate mean of error (Using
‘ ‘ only one station)

‘ o|‘

nza spggezyazy

gig EBEEZ3333%8
si || mos st

CCCma-CanfSM2 | MONC-MadGEM2-ES | MPI-M-MPT ESM-LR

RCPR.5S  RCP4.5 | RCPE.S | RCP4S RCP8.5 | RCP4.5 Stations
Q(m¥is) | Qu'ss) | Qam¥s) | Qum'rs) | Qanis) | Quns)
211 1208] 1202 1194 1157 1168 | 80

. i 151 ws0] w147 194 +93 +107 | 81
’ P @ows = Qumd | y55 wysa| 4147 3L 4116 +109 | 82
- =1 271 2257 -176 837 -280 =322 83

+ : The Model underestimates the flows ; - :
The Model overestimates the flows

We use climate models (CCCma-
CanESM2, MOHC-HadGEM2-ES MPI-M-

- . - MPI+ESM-LR), to generate climate data at
A W.ﬁ.ﬁ;ﬁ!ﬁug.:uz.;.zq; dddddddd e rain gauge S1, S2 and S3. The data of
association of rain gauges S1-2-3, S1-2, S1-
Figure 3: Comparison of flows observed 3 and S2-3 are used as inputs by SWAT
and simulated for each gauge’s station model to calculate stream flows at Bafing
In the table 4 we compare the mean of Makana stream gauges for the period 2006-
difference between observed flows and 2015. The calculated and observed values
simulated flows. A positive value of this are plotted in Fig 4a) for S1-2-3, Fig 4b) for
criteria corresponds to underestimation and S1-2, Fig 4c) for  S1-3 and Fig 4d) for S2-
a negative value to an overestimation. 3. The objective is to test for the best
According to table 4, SWAT model climate model to be used in the Bafing
underestimate the flows when climate data River Basin upstream Bafing Makana.

of rain gauge stations SO, S1 and S2 are
used as inputs, and overestimate the flow
when climate data of rain gauge S3 are used
as inputs.
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Figure 4: Comparison of flows observed
and simulated for combination gauge
station

This result is corroborated by the table 5,
where the mean of errors between simulated
flows using each of these combinations of
stations data (S1-2-3; S1-2, S1-3, S2-3) as
inputs in SWAT model are compared to
observed flows. According to the mean
error criteria, it appears that the RCP4.5
medium scenario fits better the observed
values for the CCCma-CanESM2 and the
MOHC-HadGEM2-ES model. It appears
that the RCP8.5 high scenario fits better the
observed values for the MP1-M-MPI+ESM-
LR.

Table 5: Calculate mean of error (Using
combination of station)

CCCma- MOHC- MPI-M-
CanTSM2 [TadGEM2.LS | MPIFESMAIR

RCPS.5 | RCP4.5| RCP8.5 | RCP4.5| RCPS.5 | RCPA.S | Stations

ST 2000 -1 T4 36| 67 |S123
I4]  157] 48] 158) +l14] -+lI1 (812

Low _0.
W 1o~ Qm) 67 6| 337 5| 99| 106 |§13
28 (19 1% 100 52| 6783

+ : The Model underestimates the flows ; -
The Model overestimates the flows

We present in the table 6 the statistical
characteristics of time series of mean annual
flows for the period 2006-2090. For all
climate models and for all scenarios, mean
annual flow generated by Swat using
climate data from SO0, S1, S2 and S3 climate
station increases from North to South
according to the geographical location of
these stations. The coefficient of variations
for all stations and models vary between 0.1
and 0.2.

Table 6: Statistical characteristic of annuals
flows time series
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CCCma-CanESM2 | MOHC-HadGEM2-ES | MPI-M-MPI+ESM-LR
Period 2006-2090 Perind 2006-2090 Period 2006-2090
Scenario | Stations | Mean | S0 | RD | Mean |SD |RD | Mean | 5D |ED

80 43 112 [03]55 2|04 17 |25 |05

81 104 |28 [03]UT |43 |04 79 [36 |05
52 103 |29 [03JUT |43 |04 T8 [28 |04
83 §34 | 131 [02]508 [137 )03 67 (75 |02
S0 47 9 0.2]60 3|04 106 |26 |02

(repd.5)

o Sl 12 |22 02|60 M4 |04 170 |38 |02
(rept.5) - -

32 120 |20 02]130 50|04 158 |26 |02

83 S48 | 59 011090 [233 (02 665 |87 |01

SD : Standard Deviation ; RD : Relative Deviation

3.2. Statistical Test for shift
In the table 7, 8, 9 and 10 we present the

results of application of Pettit method and
Hubert’s segmentation for the three models.

3.2.1. Pettitt Test
Results of Pettitt test on annual flow

between 2006-2090 are presented in the
table 7 (for stations SO, S1 S2 and S3
separately) and in table 8 (for combination
S1-2-3, S1-2, S1-3 and S2-3) for all models
and all scenario.

When stations are considered
separately (table 7), the null hypothesis of
no shift in time series is rejected for all
models, for all scenarios and for all climate
stations except station SO for CCCma-
CanESM2 model and station S3 for
MOHC-HadGEM2-ES model. For the
medium scenario (RCP4.5), occurs around
year 2073 CCCma-CanESM2 model, 2042
for MOHC-HadGEM2-ES model and 2016
MPI-M-MPI+ESM-LR model. For scenario
high (RCP8.5), the shift appears between
years 2040 and 2055.

Table 7: Pettitt Test

Stations | CCCma-CanESM2 | MOHC-HadGEM2-ES | MPI-M-MPIESM-LR

H Yer |Hp Year H Year Scénario
S0 R 073 R 142 R 2016
M R 073 R 2042 R 2016

RCP4S
52 R 073 R 2042 R 2016
53 R WM R 2035 R 2026
S0 A NoShft |R 2040 R 2046

NES i b

M R 2055 R 2040 R 2046 RCPSS
52 R 2040 R 240 R 2046
S3 R 2055 A No Shift R 2045

R= Ho « Rejected »; A= Ho « Accepted »

When stations are considered
combination (table 8), the null hypothesis of
no shift in time series is rejected for all
models, for all scenarios and for all climate
stations except station S1-3 for MOHC-
HadGEM2-ES model. For the medium
scenario (rcp4.5), occurs around year 2073
CCCma-CanESM2 model, 2035 for
MOHC-HadGEM2-ES model and 2028
MPI-M-MPI+ESM-LR model. For scenario
high (rcp8.5), the shift appears between
years 2040 and 2055.

Table 8: Pettitt Test (Using combination of
stations)

(CCma-ConFSM2 | MOHC-HadGEM2ES | MPEMAMPLESM-LR
Stations| Hy | Vew | I Yeu |Hy| VYewr |Scenxio
5123 RO R W R A8
§12 ROJAUB| R 2 |R| 6
§1-3 R[N R W5 R A8 REBS
§2:3 R[N R W5 R A8
§123 RS | R M0 |R| M0
§12 RS | R M0 |R| M0
§1-3 ROJ2055 | A | NoSft |R| 205 OB
§23 R W51 R W0 (R 2045

R= Ho « Rejected »; A= Ho « Accepted »

3.2.2. Hubert’s
Segmentation
The results for CCCmaCanESM2 model,

MOHC-HadGEM2-ES model and MPI-M-
MPI+ESM-LR  model are presented
respectively in tables 9, 10 and 11 with
climate station SO, S1, S2, and S3 taken

Procedure of
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separately. The medium and high scenario
are considered.

The medium scenario (RCP4.5) indicates a
downwards shift (50%) in time series of
mean annual flow for all stations and for
CCCmaCanESM2 and MPI-M-MPI+ESM-
LR model (table 9 and 11). This scenario
leads to an upwards shift (70%) for MOHC-
HadGEM2-ES model (table 10).

For the high scenario (RCP8.5), an upwards
shift occurs in flow time series of all station
for all climate models and for all gauges
stations. It’s magnitude varies between 12
and 40%.

For the medium scenario, shifts are
observed year 2073 (table 9), 2035 for
(table 10) and 2015 (table 11). For scenario
high, the shift appears between years 2039
and 2055.

Table 9: Results of two order Hubert’s
procedure for CCCmaCanESM2 model

CCCmaCanESM2

RCP4.5 RCP3.5
Station Mean | Decreases’ | Standard Mean | Decreases’ | Standard
increases | deviation increases | deviation

S0 | 2005 2013 47 g No shif

2074 | 2080 25 47 9

5l 2006 2073| 114 19| 2006 | 2055| 108 19
2074 2080 59 43 17| 2056 | 2090 | 122 12 17
5 2006 2073| 115 17| 2006 | 2055 | 331 28
2074 | 2080 51 -56 91 2056 | 2090 | 378 14 30
53 2006 2073| 311 18| 2006 | 2055 | 524 56
074 2080| M9 52| 23| 205 2090 | 584 2 s

Table 10: Results of two order Hubert’s
procedure  for MOHC-HadGEM2-ES
model

MOHC-HadGEM2-ES
RCP4.5 RCP8 5
Station Me | Decreases’  Standard Mean | Decreases’  Standard
an | increases  deviation Increases  deviation
50 2006 2037 39 16 2006 | 2039 | 43 21
2038 2090 65 69 17 2040 | 20% | 71 66 18
sl 2006 2042 82 29 2006 | 2040 | 45 23
2043 2090 144 76 30 2041 2090 | 71 57 18
S1 2006 2042 82 29 2006 | 2039 87 36
2043 2090 144 76 30 2040 | 2090 | 160 82 34
53 2006 2035 373 93 2006 | 2006 | 1798 0
2036 2090 583 56 92 2007 | 2090 | 1082 -40 pral

Table 11: Results of two order Hubert’s
procedure for MPI-M-MPI-ESM-LR model

MPI-M-MPIESM-LR
RCP45 RCPSS
tation Me | Decreases’ | Standard Mean | Decreases’ | Standard
an | mcreases | deviztion mereases | deviation
S0 | 2006 2006 | 92| 0 | s | 206 | 100 | I
2006 2090 | 40 -1 14 M8 2090 | 113 13 18
sl 2006 | 2005 | 162 i 006 | 2024 | 158 b
2006 2090 | 68 -38 18 45 2000 | 192 n 15
82 2006 | 2005 | 139 M 006 | 2040 | 144 e}
06| W90 | 6 | S0 | 15 |04 10 | 114 1| 1%
83 2006 | 2015 | 536 55 006 | 2045 | 621 51
2006 2090 | 344 -36 ¥ M6 2000 | T35 18 59

The results of procedure of segmentation of
Hubert are presented in tables 12, 13 and 14
for each of the same climate models

(CCCmaCanESM2 model, MOHC-
HadGEM2-ES model and MPI-M-
MPI+ESM-LR model) with the

associations S1-2-3, S1-2, S1-3, S2-3 of the
climate stations.

The medium scenario (RCP4.5)
indicates a downwards shift of 45% and
50% respectively (tables 12 and 14) for
CCCmaCanESM2 and MPI-M-MPI+ESM-
LR model) and an upwards shift of 60%
(table 13).

For the high scenario (RCP8.5) an
upwards shift is observed for all
associations of gauges stations (between 16
and 66%). For the medium scenario, shift
occurs around year 2073 (table 12), 2035
for (table 13) and 2015 (table 14). The shift
appears between years 2039 and 2055 for
scenario high.
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Table 12: Results for CCCmaCanESM2
model (Using combination of station)

Canadian Centre for Climatz Modelling and Analysis (CCCmaCanESM2)
RCP4S RCP3S
Decreases/ | Standard Decreases' | Standard
Staton ean increases | deviation Mean increases | deviation
5123 006 | W73 | 509 1 2006 | 2085 | 393 2
2076 | 90| 380 -2 0 [ 2056 90| 4l 12 1
L | 2006) 2073 113 16 1006 | 2056 | 108 14
] 2 | = s |ws7|am| 2| 2 0
$13 2006 | 2073 | 350 31| 006| 2055 | 31 2
- 00 20f 171 51 M| 56| 00| 78 1 30
., | 2006207 | 311 18 | 2006 | 2055 | 293 u
23 2074 | 2090 | 149 52 pi] 2056 | 2080 | 339 16 29

Table 13: Results for MOHC-HadGEM2-
ES model (Using combination of station)

MOHC Met Office Hadley Centre. England
RCP45 RCP8.S

Station Mean Decreases-" Smnd(?:d Mean Decreases:‘ Slanda_u’d
increases | deviation inereases | deviation
S04 2006 | 2032 318 SL| 2006|2039 230 61
20332090 [ 443 40 63 2040) 2090 373 62 59
s 2006 | 2041 [ 74 28 2006) 2039 78 30
2042 | 2090 | 136 84 30| 2040|2090 152 94 29
- 2006 | 2035 [ 236 63 2006| 2055| 331 28
2036 | 2090 [ 375 59 65 2056] 2090| 378 14 30
923 2006 | 2035 203 37T 2006|2039 | 100 36
2036 | 2090 | 330 63 61 2040 | 2090 193 93 38

Table 14: Results for MPI-M-MPI-ESM-
LR model (Using combination of station)

MPI-M-MPL-ESM-LR
RCP4S RCP8S

. Decreases’ | Standard Decreases’ | Standard

Station Mean [ " [ 00 Mean | -
increzses | deviation increases | deviation
- 2006 | 2005 | 291 30| 2006 | 2045 ki 30
S s om0 | 193 Er ulows (0] 0 ¥
s12 2006 | 2015| 141 1] 2006| 2040 144 3
T 2016| 20%| 8 -52 15| 2041| 2090 175 11 3
§13 006 | 015| 34 32| 2006| 2045 379 3
R D ] -37 7] 46| 2090 456 0 39
93 2006 | 2005| 307 31| 2006 | 2045 ki 30
70t | 00| 194 -37 15| 2046 | 2090 ] 0 £l

3.3.Tests of flow for trend
Trends in annual time series for the period

(2006-2090) have been checked for by
using the Mann-Kendall test with the null
hypothesis of no trend. When the null
hypothesis is accepted, Sen’s slope
estimator has been applied to estimate the
magnitude of the trend. For each of the
three models, the two scenarios, medium,

RCP4.5 and high, (RCP8.5) are considered
for the climate gauge stations considered
separately, and in combination.

3.3.1 Mann-Kendall Test and Sen’s slope
estimator

The results of the Mann-Kendall test for
trend are presented for the four stations
considered separately (table 15) and in
combination (table 16) for all scenario and
for all climate models.

For the RCP4.5 scenario, null
hypothesis of no trend Ho is accepted for all
stations and for all climate models, except
for gauge station S3 for MPI-M-MPI-ESM-
LR model. For RCP8.5 (tableau 15)

For the RCP8.5 scenario, the null
hypothesis is rejected for all gauge stations
and for all climate models except for S3
gauge station for MOHC-HadGEM2-ES
model. (table 15). Sen’s slope estimator
indicates a linear trend for all stations and
climate models where Ho is accepted.

Table 15: Results of trends test

Model CCCria-CanESM2 MOHC-HadGEM2-ES ~ MPL-M-MPI-ESM-LR
MK Sen’s MK Sen’s MK Sen’s Scanario
Stations | 7 |H SM  H | Z H SM H Z H SM  H |
S0 052 |A 02 446 R 038 R 047 |A 0I5 RCP43
81 140 A 027 339 R 031 R 052 [A 0T
52 106 | A 0l 446 R 035 R O-150 [ A 020
$3 000 |A 010 44 R 020 R 299 |[R 012 A
80 20 |R 0% R 566 R 046 R 526 |R 025 R RCPSS
Sl 33 |R 02 R 337 R O0M4 R 8 R 056 A
82 643 |R 03 R 485 R 033 R 83 |R 05 A
83 55 JR 019 A 13 A 000 36 |R 009 R

Results of Mann-Kendall trend tests using
associations of gauges stations are
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presented in table 16. For the RCP4.5
scenario, null hypothesis Ho is accepted for
all stations when climate models CCCma-
CanESM2 and MPI-M-MPI-ESM-LR are
used to generate inputs to SWAT, except
gauge station combination S2-3 for MPI-M-
MPI-ESM-LR model (table 16). Null
hypothesis of no trend is rejected for all
combinations of rain gauges for MOHC-
HadGEM2-ES model. Sen’s  slope
estimator indicates a linear trend.

For the RCP8.5 scenario, the null
hypothesis of no trend is rejected for all
climate and for all combinations of rain
gauges excepted combination S2-3 for the
MOHC-HadGEM2-ES model and S1-S2-
S3 combination for MPI-M-MPI-ESM-LR
model. Sen’s slope estimator indicates a
linear trend except for S1-3 (MOHC-
HadGEM2-ES model and MPI-M-MPI-
ESM-LR model).

Table 16: Results of trends test (Using

combination of station)
Mokl CCCaCafSM2 | MORCHadGEMZES | MPLMAVPLESVELR
MK Sun's ME  [Sms ME | Sas
Association | , . . .
g L B0 BO(Z BB LB S K,
. X A
S| gl B GIR 02|
. A
51 Ao RI04[A | " 03
¥ i }
1y Lt 'H’;' | [y
3 0 ) 17
513 A B R024 1 70
B _ , Ry A
W A W R (R g 0
S9 | smR0Is[A |5 R[03]A | 1s6[a 08
S|SR4 [46[R 0414 2RIR 08 A |
S SR 01SA [ 431[R| OR | 301|R 001 R |
9 6m R 0sA | oA 04T e[ 0 o |

M-K : Mann-Kendall; SM: Slope Medium;
Ho:Null hypothesis; Z: Test statistic.

4. Conclusion

The main objective of the present work is to
check for shifts and trends in the time series
of flow in the Bafing River Catchment
(Senegal River) at the Bafing Makana
stream gauge in the years 2006-2090. Three
climate models (CCCmaCanESM2,
MOHC-HadGEM2-ES and MPI-M-MPI-
ESM-LR) have been run to generate climate
data at four gauge stations in the Bafing
Makana river basin. Two scenarios of CO2
emission have been chosen:  medium
(RPC4.5) and high (RCP8.5). The climate
data generated at each gauge stations have
been used as inputs in SWAT model,
separately and in combination, to generate
time series of stream flow at Bafing Makana
stream gauge. Shifts have been checked for
using Pettit test and Hubert’s procedure for
segmentation of time series. Mann Kendall
test has been run to check for trend. When
null hypothesis of no trend is rejected, Sen’s
slope estimator allows to verify whether
trend is linear or not.

Shifts are detected in generated time series
of flow by the two tests (Pettitt, Hubert’s
procedure of segmentation of time series)
for all three climate models, for all
scenarios (medium and high), and for all
rain gauges, separately or in association.
For the high scenario, an increasing shift in
time series of generated runoff is observed
pour all rain gauges, separately or in
association, for all climate models, and for
all time series, beginning between 2044 and
2055. For medium scenario, a decreasing
shift in time series of generated runoff is
noted for all rain gauges, separately or in
association, for all-time series and for all
climate models, except for MOHC-

IJSER © 2019
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 10, Issue 5, May-2019 225
ISSN 2229-5518

HadGEMZ2-ES model. Shifts occurs all rain gauges taken separately or in
between 2016 and 2073. combinations. For the RCP8.5 scenario, the
null hypothesis of no trend is rejected for all
the time series of generated runoff, for all
climate models, for all rain gauges taken
separately or in combinations. Sen’s slope
estimator generally indicates a linear trend.

For the Mann Kendall trend test and for the
RCP4.5 scenario, the null hypothesis of no
trend is accepted for all the time series of
generated runoff, for all climate models, for
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