
Chapter 18
Flood Forecasting and Stream Flow
Simulation of the Upper Awash River
Basin, Ethiopia Using Geospatial
Stream Flow Model (GeoSFM)

Shimelis Behailu Dessu, Abdulkarim Hussein Seid, Anteneh Z. Abiy
and Assefa M. Melesse

Abstract The Geospatial Stream Flow Model (GeoSFM) has been widely applied
in data scarce regions for flood forecasting and stream flow simulation with
remotely acquired data. GeoSFM was applied in the Upper Awash River basin
(UARB) with observed input data set. GeoSFM sensitivity to observed input data
quality, subbasin partition, and change in parameter were investigated. Results
demonstrated that GeoSFM is sensitive to the size and number of subbasins.
Among the eight model parameters, the basin loss and curve number are the most
sensitive in UARB. GeoSFM evaluation using a split sample of 10 years observed
daily discharge showed satisfactory performance, Nash-Sutcliff Efficiency 0.67 and
0.70, coefficient of determination, 0.60 and 0.65 for calibration and validation,
respectively. The monthly average simulation captured 76 % of the observed var-
iability over 10 years. Comparative analysis suggested increasing partitions
improves performance in capturing flooding events and the single basin scenario
can potentially be used for flood forecasting or resource assessment purposes.
The 60 % coverage of vertisol in the basin and low quality of observed data affected
model performance. Further evaluation of GeoSFM in heterogeneous soil
type and land use/cover can help to identify the influence of dominant physical
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characteristics. In general, GeoSFM offers a competent platform for stream flow
simulation and water resource assessment in data scarce regions.

Keywords GeoSFM model � FEWS-SFM model � Flood forecasting � Flow
simulation � Awash river � Koka dam � Rainfall–runoff � Ethiopia

18.1 Introduction

Computer rainfall–runoff models are the go-to tools for understanding hydrological
processes. These models offer fast and flexible platform to recreate historical sce-
narios and generate possible future ensembles. The trade-off in optimizing between
capturing underlying hydrologic process and ease of application has been fading by
advances in computing and data acquisition techniques. Expansion of hydrologic
model domain offered variety to choose from but presented a growing challenge to
identify suitable models for a particular purpose. The diversity of models can be
exploited to user advantage once their strength and weaknesses are identified with
respect to the intended modeling endeavor. For example, data scarcity is the major
limitation to contemplate hydrological process modeling in the developing world.
The growing availability of satellite-derived hydrometeorological data provides
new opportunity to study watersheds of limited observed data. In response, models
are being equipped with utilities to process and ingest these data.

Researchers have used different models for hydrological assessment, flow pre-
diction, and other applications. The most commonly used model capable of pre-
dicting flows for ungauged watersheds is the Soil and Water Assessment Tool
(SWAT). The application of SWAT in predicting stream flow and sediment as well
as evaluation of the impact of land use and climate change on the hydrology of
watersheds has been documented by various studies (Dessu and Melesse 2012,
2013a, b; Dessu et al. 2014; Wang et al. 2006a, b, 2008a, b, c; Wang and Melesse
2005; Behulu et al. 2013, 2014; Setegn et al. 2014; Mango et al. 2011a, b; Getachew
and Melesse 2012; Assefa et al. 2014; Grey et al. 2013; Mohamed et al. 2015).
However, SWAT has limited capability to dynamically ingest remote sensing data.

The Geospatial Stream Flow Model (GeoSFM) is developed to facilitate study of
watersheds in the developing countries (Asante et al. 2008a). GeoSFM (also known
as FEWS-SFM) is equipped with tools to access satellite-derived spatial and tem-
poral input data. Despite the easy access and manipulation of remotely acquired
data, verification with ground observed data remains to be critical (Dessu and
Melesse 2013a; Funk et al. 2003). Neither simplicity to setup nor success histories
of particular model suffices its use and implementation. Continuous testing and
verification of models is essential to assist users in selection and implementation.
Evaluation of GeoSFM with observed data can help to identify strength and
weakness of the model, to interpret results and to improve efficiency in future
applications. Exhaustive testing of a model requires sound reasoning, justifiable
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choices of methods, and criteria prior to practical application. Accordingly, detailed
evaluation of the applicability of GeoSFM using ground observed input data set in
the Upper Awash River Basin (UARB) is presented in this chapter.

GeoSFM is widely applied with satellite-derived data set in data scarce regions
such as Greater Horn of Africa and Nepal. Asante et al. (2007) used the GeoSFM
and TRMM (Tropical Rainfall Measuring Mission) rainfall data to develop a flood
monitoring system for the Limpopo basin. They did not calibrate the model results
against observed stream flow measurements, rather used the flow rates from model
simulation to subjectively confirm forecasted extreme events from field sources.
Mati et al. (2008) used the model to determine impact of land use/cover change in
Mara River Basin. The model was also used to characterize Congo Basin stream
flow using multisource satellite-derived data (Munzimi et al. 2010). Artan et al.
(2007) applied GeoSFM and satellite rainfall estimates to compute runoff in the
Nile River Basin and the Mekong River Basin, and reported a Nash-Sutcliff effi-
ciency of 0.81. Shrestha (2011) used GeoSFM using observed rainfall in the
Bagmati and Narayani River Basins, Nepal, and reported correlation values of 0.95
and 0.94 between observed and simulated flow rates. Shresta showed discharge
estimated from satellite based rainfall follows the trend of observed values but
recommended bias correction of satellite rainfall estimates. The above studies
assessed hydrological variables indirectly from discharge outputs of GeoSFM based
on satellite-derived spatial and temporal data inputs.

Awash River basin is currently the most developed river in Ethiopia (Fig. 18.1).
The basin also represents international anthropological significance and cultural
heritage (Johanson and Edey 1990; Haile-Selassie 2001; Asfaw et al. 2002). The
Koka reservoir was commissioned in 1960 to store the peak summer flow from
rainfall at the upstream highlands and ensure a stable discharge for power

Fig. 18.1 Location and monitoring stations of the Upper Awash River Basin
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generation and irrigation in the dry period. The Koka reservoir is expected to
provide sufficient head and discharge for hydroelectric power generation and irri-
gation and ample volume for flood storage during the summer. Hydrological
challenges in the Awash basin include heavy sediment inflow to the Koka reservoir,
extreme inflow variability, and lack of reliable operational and management tool.
The Koka reservoir has been reported to have 35 % of its storage capacity filled
with sediment from the upstream highlands (Paulos 1998). This reduction in
capacity poses a challenge in the management of the reservoir and flood hazard to
the residents and property downstream of the dam with unpredictable release and
storage patterns. Shortage of water in the dry period and devastating flood in the
summer are frequent events downstream. Dry period shortage has forced rationing
of power and water for the large irrigation farms downstream. In August 1996,
flooding damage was estimated at $9 million and affected 75,000 residents (DPPC
1997; Edossa et al. 2010; Rogner 2000).

According to Intergovernmental Panel on Climate Change report, Eastern Africa
is expected to experience more floods in the wet season through the 21st century
(Christensen et al. 2007; IPCC 2007). The current hydrologic challenge in the
UARB may be exacerbated by lack of capacity and infrastructure to adapt to the
changing climate (Collier et al. 2008; Yanda and Mubaya 2011; Dessu and Melesse
2013b). Hydrologic models are useful to predict extreme events of low or peak
flow. GeoSFM can potentially assist in timely management and operation of Koka
reservoir, avoiding flooding from excess releases as well as probable water short-
age. Three to seven days rainfall forecast can be used to predict the runoff response
of the Awash River and manage the reservoir accordingly. Reliable hydrological
estimation and forecasting of the incoming flow may improve the operation of the
Koka reservoir.

Hydrologic models have been used to understand the space–time relationship of
hydrological processes. The uniqueness of watersheds can be captured by the use of
distributed geospatial information from soil- and land-use databases. Planning and
management tools customarily use outputs from hydrological simulations to facil-
itate management of water resources to meet growing demand while decreasing
foreseeable hazards (Dessu et al. 2014). There are numerous computer simulation
models to capture rainfall–runoff process and estimate inflow discharge to a lake or
reservoir.

Despite the increasing use and application of GeoSFM in data scarce regions, the
performance of the model is barely scrutinized with observed input data. The
purpose of this study was to assess the capability of GeoSFM to capture long-term
rainfall–runoff process using observed data in the (UARB). The specific objectives
were: (1) to investigate sensitivity of GeoSFM to spatial partition scale, (2) to assess
sensitivity of GeoSFM parameters in simulating the rainfall runoff process of
UARB, and (3) to evaluate the performance of GeoSFM to capture observed
hydrological pattern. Evaluation of GeoSFM helps to identify model strength and
improve its performance efficiency for future applications. This study will help to
establish baseline for further application of the model in the region using observed
as well as regional remote sensing data.
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18.2 Description of Study Area

The water resources of Awash River are key elements of development in Ethiopia.
The location and hydrological properties of the basin enabled extensive develop-
ment. The Awash River Basin covers 110,000 km2 area of the Great Rift Valley in
Ethiopia (Fig. 18.1). The Awash River starts on the high plateau 3000 m above
mean sea level (amsl) and flows along the East African rift valley into the Afar
triangle and terminates in salty Lake Abbe over a stretch of 1200 km. The river
drains major urban centers including Addis Ababa with population of more than
10.5 million (Taddese et al. 2003). The major economic activities in the basin are
traditional mixed crop farming and livestock in the highlands, pastoralism in the
lowlands, and commercial irrigation in the middle (Getahun 1978). Awash River
Basin has been traditionally divided into four distinct physical and socioeconomic
zones: Upper Basin, Upper Valley, Middle Valley, and Lower Valley (Taddese
et al. 2003). The Upper Awash Basin (UARB) covers 11,500 km2 area stretching
from the headwaters to the Koka reservoir at Koka dam.

The UARB rainfall is dictated by the Inter-Tropical Convergence Zone (ITCZ).
The rainfall distribution, especially in the highland areas, is bimodal with a short
rainy season in March, April, and the main rains from June to September. The mean
annual rainfall varies from 1600 mm at Ankober, in the highlands northeast of
Addis Ababa to 160 mm at Asayita on the northern limit of the Basin. The mean
annual runoff into Koka reservoir is 1660 million cubic meters (MCM). About 90 %
of runoff occurs from July to October. Mean and maximum annual temperatures of
at Koka dam are 20.8 and 23.8 °C, respectively.

18.3 Data and Methods

18.3.1 Description of Geospatial Stream Flow Model
(GeoSFM)

GeoSFM (previously called FEWS-SFM) is a physically based, wide-area, contin-
uous daily time-step, stream flow simulation model developed by the USGS/EROS
Data Center (Artan et al. 2008). GeoSFM has been used to facilitate flood/drought
early warning efforts by the Famine/Flood Early Warning System Network
(FEWS-Net) (www.fews.net) and USAID. The model consists of a GIS-based
module for data input, and a rainfall–runoff simulation model. The Graphic User
Interface of the model runs in ArcGIS environment to prepare the necessary input
data, perform simulation and display outputs (Asante et al. 2008a). Remote sensing
or ground observed input data can be used to setup and run GeoSFM.

The rainfall–runoff simulation consists of three components: soil water budget,
upland headwater basins routing, and river routing (Asante et al. 2008b). The runoff
estimation conceptualizes the soil as composed of two main layers; an active soil
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layer where most of the soil–vegetation–atmosphere interactions take place and a
groundwater layer. The active soil layer is further divided into an upper thin soil
layer where evaporation, transpiration, and percolation take place and a lower soil
layer where only transpiration and percolation occur. The runoff producing
mechanisms is based on precipitation excess using the SCS curve number method
(USDA-SCS 1972), rapid subsurface flow (interflow), and base flow. The surface
upland routing is a physically based unit hydrograph method utilizing landscape
attributes from digital elevation model (DEM) of the watershed. The interflow and
baseflow components of the runoff are routed as a series of linear reservoirs. In the
main river reaches, water is routed using a nonlinear formulation of the
Muskingum-Cunge routing scheme (Cunge 1969; Kim and Lee 2010). GeoSFM
provides the flow rate at the outlet of individual subbasins.

18.3.2 Input Data and Model Setup

GeoSFM uses spatial data to define basin physical characteristics and climate data
to force simulation of rainfall–runoff process. Evaluation of GeoSFM was con-
ducted in two steps: Input data collection and model testing. The general model
setup and evaluation procedure is presented in Fig. 18.2. Required spatial inputs for
model simulation are DEM of the basin, soil map, land use/cover map, and daily
rainfall and potential evapotranspiration (PET) (Artan et al. 2008; Asante et al.
2008a), Fig. 18.3. Data preparation to fit GeoSFM input format was done after
checking raw input data for continuity, reliability and consistency.

Topographic (scale 1:50,000 and 1:250,000) obtained from Ethiopian Mapping
Agency were digitized and contours were interpolated to generate a 100 m DEM
raster (Fig. 18.3a). Spot elevations and features such as rivers and streams, lakes,
and roads were digitized for verification. Soil data was derived from 1:500,000
scale digitized soil unit map (Fig. 18.3b). Required soil attributes for GeoSFM were
compiled from report of soil research stations in the basin (Bono and Seiler 1983),
the FAO soil data base obtained from Global Soil Data Products (IGBP-DIS 2000),
and guidelines presented in the GeoSFM technical manual (Asante et al. 2008b).
Pellic Vertisol is the dominant soil type (>60 % of the basin). The land use/cover
data was obtained from Woody Biomas Inventory project under the Ethiopian
Ministry of Agriculture (Fig. 18.3c). The land use/cover attributes were reclassified
to fit to the GeoSFM format. More than 75 % of the UARB is characterized by
cropland with light stocks of woody plants. Land use/cover data was reclassified
according to the GeoSFM format.

Observed rainfall and PET were obtained from EthiopianMeteorological Services
(Fig. 18.1). Thirty-five rain gage stations with daily rainfall record in and around the
UARB were used. Daily rainfall and PET raster files were generated using inverse
distance weight interpolation over the basin. Daily stream flow records derived from
stage reading were obtained for the Melka Kunture and Melka Hombole stations
from the Ethiopian Ministry of Water Resources Development (Fig. 18.1).
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GeoSFM simulation was done for the UARB upstream of the Koka reservoir and
the outlet is defined at Melka Hombole hydrologic station. Melka Hombole is at the
entry of the Koka reservoir 40 km upstream of the Koka dam. To assess the models
best performing module and the catchment property at different locations in the
UARB, three scenarios were defined (Fig. 18.4): single basin (SB-1), 6 subbasins
(SB-6), and 35 subbasins (SB-35). These three scenarios have the same basin outlet
at Melka Hombole station.

Fig. 18.2 Schematics of GeoSFM model setup
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For scenario SB-1, GeoSFM generates the parameters for the entire catchment
and the river routing component was not dominant. Scenarios SB-6 and SB-35
activate river routing module to move the inflow from the upstream subbasin(s) to
the inlet of the subbasin downstream. The single basin (SB-1) scenario is used for
manual parameter sensitivity analysis and for Scenario SB-6, six set of parameter
were generated and these parameters were calibrated based on the physical prop-
erties of the subbasins.

GeoSFM simulation was done over 10 years (1991–2000). The first five years
(1991–1995) observed flow data segment was used for calibration and the second
segment (1996–2000) was used for validation of the model. Melka Hombole sta-
tions at the inlet of Koka were used in the calibration and validation of GeoSFM
(Fig. 18.1). Interpolated Rainfall and PET raster data from 1990–2000 were used
for simulation and daily flow records from 1991 to 2000 at Melka Hombole station
were used for calibration and validation of GeoSFM. Manual calibration was
performed by changing parameter values. Due to larger set of parameters (i.e., one
set for each subbasin), equivalent changes were applied for all parameters during
the calibration of scenario SB-6 and SB-35.

Fig. 18.3 GSM model spatial input data: a MRB digital elevation model (m masl), b soil map,
c land use/cover map of MRB

Fig. 18.4 The layout and division of the subbasins for the three scenarios. a Single basin (SB-1).
b 6 subbasins (SB-6). c 35 subbasins (SB-35)
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18.3.3 Model Evaluation

GeoSFM model structure was evaluated based on relative comparison of the three
scenarios (SB-1, SB-6, and SB-35) and observed daily discharge hydrograph.
GeoSFM sensitivity to spatial scale was done by comparing 5 years daily simulated
discharge outputs before calibration. Descriptive statistics of default simulation
(mean, median, maximum, and quartiles) were used to assess consistency of model
output. The frequencies of daily maximum discharge among the three scenarios
were compared for entire discharge range and three classes of flow (<50 m3 s−1),
medium (50–100 m3 s−1) and peak (>100 m3 s−1). The percentage of minimums
and maximums was considered to represent the suitability of the respective partition
scenario for a particular purpose. A partition scenario with higher percentage of
peak flows may produce conservative flood simulation.

SB-1 scenario was used to assess sensitivity of the eight GeoSFM model
parameters: soil depth, permeability, soil water holding capacity, Manning’s
coefficient, curve number, top soil fraction, basin loss, and pan coefficient. The
value of one parameter at a time was changed and plotted against the respective
NSE (Nash-Sutcliff Efficiency). The relative rate of change of NSE was used as a
measure of parameter sensitivity. A parameter displaying larger rate of change in
NSE was considered more sensitive. Sensitivity analysis was done primarily on the
assessment of the eight parameters used in GeoSFM. The eight parameters can be
adjusted to capture the hydrologic process of a watershed (Asante et al. 2008b).
Uncertainty associated with model input and model structure was evaluated based
on relative performance of the three scenarios and observed daily discharge
hydrograph.

The “performance,” “uncertainty,” and “realism” of GeoSFM simulations were
assessed with respect to the observed flow data (Wagener 2003). Evaluation of
GeoSFM was conducted based on statistical parameters and measures of “close-
ness” between the model output and the observed flow at Melka Hombole station.
Mean relative error (MRE), Eq. 18.1, was used to evaluate unit independent
expected deviation of the simulation from the observed flow. In flood simulation
assessment, root mean square error (RMSE), Eq. 18.2, and NSE, Eq. 18.3, (Nash
and Sutcliffe 1970) offer performance statistics sensitive to peak flow events.
The RMSE value measures the models adequacy in matching the peak flows. The
closer NSE values to one, the better the model efficiency; whereas, negative values
generally indicate that the mean of the observed value is statistically better than the
model result. Coefficient of determination (R2), Eq. 18.4, evaluates the ability of
GeoSFM in capturing the variability of observed flow.

MRE ¼ 1
n

Xn
i

Oi � Sij j
Oi

ð18:1Þ
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RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Xn
i¼1

ðOi � SiÞ2
s

ð18:2Þ

NSE ¼ 1�
Pn

i¼1 ðOi � SiÞ2Pn
i¼1 ðOi � �OÞ2 ; NSE � �1; 1ð � ð18:3Þ

R2 ¼ ½Pn
i¼1 ðOi � �OÞðSi � �SÞ�2Pn

i¼1 ðOi � �OÞ2 Pn
i¼1 ðSi � �SÞ2 ; R2� 0; 1½ �; ð18:4Þ

where O is observed flow, S is simulated flow. Model performance was evaluated
through objective functions that minimize the distance and optimize the variability
between observed event and model result (Eq. 18.5). A second objective function
that optimizes the NSE and R2 to evaluate whether the simulations had optimally
reproduced observed variability (White and Chaubey 2005; Dessu and Melesse
2012) of the natural hydrologic process while minimizing the overall deviation.

ObjF ¼
Optimize

Pk
j¼1 R

2ðO; SÞ;NSEðO; SÞ
� �

Minimize
Pk

j¼1 RMSEðO; SÞ;MREðO; SÞ
� �

8<
:

9=
;; ð18:5Þ

where k is the number of calibration sites included.

18.4 Results and Discussion

GeoSFM is developed for monitoring wide-area hydrologic events that require use
of geospatial and time-series data in near-real time. The model was evaluated with
respect to input data quality, spatial resolution, model parameters, and efficiency in
capturing observed flow hydrograph. Three scenarios of singe (SB-1), six (SB-6),
and thirty five (SB-35) subbasin partitions of UARB were setup and assessed based
on their default, calibrated, and validated simulation outputs of daily and monthly
average discharge. Ten years (1991–2000) of observed rainfall, evapotranspiration,
and discharge data were used.

GeoSFM has been applied in Mara River Basin (13,750 km2) (Mati et al. 2008),
Limpopo River Basin (6000 km2), (Asante et al. 2007), and Mekong River Basin
(22,000 km2), (Asante et al. 2008b). The extent of spatial discretization that the
model can optimally handle is useful to exchange and utilize modeling results of
these studies. The three spatial partitioning scenarios are intended to provide
GeoSFM flexibility with respect to size of watershed. Over the 5-years period of
simulation (1991–1996), the average daily simulation outputs for the three sce-
narios were more than three times the 5-years observed average daily flow at Melka
Hombole, 42.7 m3 s−1. For same input data and daily simulation for 5 years, the
three scenarios (SB-1, SB-6, SB-35) produced a comparatively higher daily flow
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frequency of (12, 42, 46 %) of the time with respect to each other. To assess the
effect of discretization on different flow regimes, the three scenarios were compared
for daily flow brackets of >50 and >100 m3 s−1. Results showed comparative daily
maximum frequency (10, 36, 54 %) and (9, 30, 61 %) for flow rates greater than 50
and 100 m3 s−1, respectively, for scenarios SB-1, SB-6 and SB-35. Low flows are
barely captured in scenario SB-1 because GeoSFM handles minimum flow as zero
for peripheral and 0.1 m3 s−1 for interior subbasins. This model structure may be
responsible for the lower frequency of relative maximum for scenario SB-1 over the
simulation period. Comparatively, scenario SB-1 produced less number of peaks
than scenario SB-6 that may be attributed to averaging the hydrologic variables
over the entire basin. The increasing frequency of peak flows with higher flow rate
brackets for scenario SB-6 may suggests that further partitioning of UARB may
improve the probability of capturing flooding events. On the other hand, scenario
SB-1 is invariable for change of flow range. Scenario SB-6 has a better performance
in capturing high local maximum for the whole range of flow but is less variable as
the flow bracket increases. In general, results of scenario comparisons suggest that
performance of GeoSFM is sensitive to the scale of basin partitioning.

Compared to the observed flow hydrograph at Melka Hombole, flood peaks
prevail on a more gradually varying hydrograph. Individual subbasins were
investigated to locate the beginning of peak flow at the outlet of UARB. Results
from scenario SB-6 suggest that the baseflow is maintained by the upper reaches of
the catchment, whereas the daily peak flows are more influenced by rainfall events
in the mountainous area upstream of Melka Hombole station. Hence, further
division of UARB in the scenario SB-6 has improvement in the capability of
GeoSFM to separately capture local variability in the basin runoff response. The
third scenario offered a better spatial variability but at the cost of larger set of
parameters to tune in the calibration process.

Sensitivity analysis of eight GeoSFM parameters [Soil depth (SD), permeability
(k), soil water holding capacity (SWHC), Manning’s coefficient (MC), curve
number (CN), top soil fraction (TSF), basin loss (BL), and pan coefficient (k)] was
conducted using SB-1 scenario (Fig. 18.5). Results have demonstrated that BL and
CN are the most sensitive parameters followed by pan coefficient (k). The
remaining five parameters did not show significant rate of change in NSE. Since
only one parameter value was changed at a time, the result may not show combined
sensitivity of the parameters. The sensitivity analysis can be used to refine the
sensitive input data for the model as well as guiding the selection and adjustments
of parameters in the calibration process. Identification of less sensitive parameters
can facilitate the calibration process.

GeoSFM was calibrated and validated for the three scenarios (Fig. 18.4) over
10-years period (1991–2000). GeoSFM is developed for daily discharge simulation
and short-term forecasting. Model performance evaluation was primarily based on
the daily time-step simulation output. On the basis of the objective function, con-
sistent performance efficiency was achieved for the three scenarios with average
(NSE, R2) results of (0.67, 0.70) for calibration and (0.60, 0.65) for validation of
GeoSFM (Table 18.1). The RMS value obtained for the best run of scenario SB-35
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is half of the other two scenarios suggesting further partitioning may help to capture
the higher flow range. The maximum absolute error searches for the highest
deviation of the historic record from the simulated flow. Very low bias from the
mean value was observed suggesting an overall minimum variation of the mean of
historical record and the simulated data.

The calibratedmodel overestimated the stream flow for the first rain season (April–
July) while the peak flow during summer (July–September) is generally underesti-
mated (Fig. 18.6a). The simulated flow hydrograph consistently crossed the observed
flow hydrograph in mid of July and September in the ascending and recession
limb. On the basis of cumulative annual flow volume and rainfall depth during the
calibration period, the simulated flow mimics the rainfall pattern (Fig. 18.6b).

GeoSFM was assessed based on how good the simulated runoff repeats the
historical record. For instance, peak flow of 526.2 m3 s−1 was reported on 29 July
1993 but the respective rainfall value was 4.2 mm on same day and 8.8 mm for the
previous day (Fig. 18.6a). Similarly, local peak flows were reported in 1992 from

Table 18.1 Summary of statistical parameters after calibration and validation for the three
scenarios at Melka Hombole station. Results are based on daily simulation

Statistics Scenario, calibration (validation)

I II II

Qomean (m
3 s−1) 42.7 [48] 42.7 [48] 46.8 [48]

Qsmean (m
3 s−1) 51.2 [60.4] 60.3 [57.6] 49 [55.6]

Mean_abs_err (m3 s−1) 0.002 [0.004] 0.002 [0.003] 0.001 [0.003]

Max_abs_err (m3 s−1) 397 [549] 360 [488] 365 [579]

Bias from mean (m3 s−1) −8.5 [−5.9] −17.5 [−4.8] −0.4 [−3.6]

RMSE (m3 s−1) 44.7 [36.7] 47.8 [36.4] 22.6 [36]

NSE 0.68 [0.6] 0.63 [0.6] 0.69 [0.61]

R2 0.69 [0.64] 0.69 [0.66] 0.71 [0.64]

Fig. 18.5 Manual sensitivity analysis of GeoSFM parameters for the Upper Awash Basin on the
basis of NSE
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the simulated results unlike the small observed flow rate. The peak flow is not
accompanied by a higher rainfall record. The mismatch in trend or amount of the
simulated and observed flow rates may be due to the stage–discharge relationship of
the rating curve used to determine discharge from a stage record. According to the
observer assigned at Melka Hombole station (personal communication), the staff
gage was submerged during peak floods of 1996.

On the basis of model evaluation results, GeoSFM has a potential for flood
simulation and forecasting. The model performance may improve with use of better
spatial resolution soil and land-use input data. However, considering annual water
balance, the simulated flow has overestimated the total annual flow. Results of
monthly average flow analysis over the simulation period (R2 = 0.76) showed that
GeoSFM has a potential to be used for water resource assessment (Fig. 18.6c).

The calibrated models for each scenario were validated with 5 years (1996–
2000) daily data (Table 18.1). The calibrated GeoSFM model consistently over-
estimated stream flow for the short rain season (April–July) and underestimated the
peak flow during summer (July–September). The simulated flow hydrograph
crosses the observed flow hydrograph in the mid of the September overestimating
the flow in the recession limb. Moreda and Bauwens (1998) reported that UARB
rainfall variability is amplified on runoff response in the summer as compared to the
low flow regime (November–February). This rainfall–runoff response variability
may be attributed to the dominance (>60 %) of the black cotton soil (vertisol), in the
UARB. Due to the high clay content, vertisol displays a range of runoff responses to

Fig. 18.6 Observed rainfall and flow at Melka Hombole versus GeoSFM simulation results.
a Average daily rainfall, daily observed flow, calibrated and validated simulation result (1991–
2000), b mass curve for rainfall, observed flow and calibrated flow for Scenario SB-6, and
c monthly observed and simulated flow hydrograph
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rainfall depending on the available soil moisture and season of the year (Jutzi
1988). At the onset of rainy season, vertisols swell sell until all the cracks are filled
and during the heavy summer the soil maintains a thin upper saturated soil layer
increasing surface runoff generating higher stream flow. This could be one of the
reasons that the model overestimates the stream flow in the first rainy season and
underestimate the second. Therefore, the performance of the model in such soil
types may need further investigation.

Annual performance of GeoSFM was assessed to pinpoint the best and worst
years of simulation of the calibration and validation process (Fig. 18.7). Annual
average of the daily deviation of simulation from observed flows remained below
6 m3 s−1 for the calibration period but showed a wide variability in the verification
(Fig. 18.7a). Results of annual evaluation of the model performance demonstrated
that GeoSFM performs best for wet years (1993, 1996, 2000) as compared to
relatively dry years (1995, 1997) (Fig. 18.7a) . The correlation between the
observed and simulated flow values are within the range of 0.64–0.71, indicating
that the model has captured the pattern of the historical record. Comparing the
maximum absolute deviation of daily simulation from the observed, the minimum
in 2000 is three times the catastrophic maximum flooding year of 1996 (Fig. 18.7b).
The mean annual simulated flow rate was greater than the observed through the
simulation period (Fig. 18.7c). In the calibration process the model performs better
for the wet season; in particular, during periods of uniform daily rainfall distribu-
tion. The weak model performance for the year 1997 may be explained by the
quality of observed data (Fig. 18.7d). While Melka Kunture is upstream of Melka
Hombole, and it takes a maximum of 2 days for the peak to travel between the
stations, the peak was not captured at Melka Hombole.

Fig. 18.7 Combined assessment of calibration and validation outputs versus observed flow at
Melka Hombole station: a Goodness of fit, b maximum absolute difference, c mean simulation and
observed flow, and d observed flow comparison at two stations for August 1997
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18.5 Conclusion

Reliable simulation and forecasting tool may help in the management and operation
of the Koka reservoir on the Awash River. GeoSM is one of such tools developed
for monitoring wide-area hydrologic events that require use of geospatial and
time-series data available in near-real time. This study assessed the performance of
GeoSFM in stream flow and flood simulation of the UARB using ground observed
data. The Awash River basin has been experiencing flooding downstream of the
Koka dam. The location and hydrological properties of the basin were relatively
suitable for extensive development, but catastrophic flooding has been claiming
scores of human life and property damage.

Evaluation of GeoSFM was conducted on the basis of statistical measures,
sensitivity to input data quality, space-time resolution of inputs and outputs, basin
loss, and curve number were reported to be the most sensitive parameters. GeoSFM
demonstrated satisfactory performance in daily rainfall–runoff simulation of the
UARB. The model simulation also captured 76 % of the observed monthly average
flow variability over 10 years. The nonlinear response of UARB to rainfall was
fairly captured by the model. Summer runoff was fairly underestimated and the
short rain period performance was poor. The over/underestimation may be attrib-
uted to the dominance of black cotton soil (Vertisol) in the basin, model structure,
or quality of observed data. Statistical assessment of annual daily simulation
indicated the potential of application of GeoSFM in data scarce regions.

The Geospatial Stream flow Model (GeoSFM) has been widely applied in flow
simulation and flood forecasting with global/regional remote sensing input data in
data scarce regions. Given reliable simulation performance with observed data, the
application of GeoSFM for the UARB can be extended further with the increasing
availability of remote sensing data. On the basis of simulation results from UARB,
GeoSFM has demonstrated a fair platform for flow simulation and forecasting and
hydrologic investigation in data scarce regions. Results of this study can be used as
a baseline to improve the model as well as investigate its application and perfor-
mance in similar hydrologic setting.
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