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Abstract: Characteristics of ungauged catchments can be studied from the hydrological model parameters
of gauged catchments. In this research, discharge prediction was carried out in ungauged catchments using
HEC-HMS in  the  central  Omo-Gibe  basin.  Linear  regression,  spatial  proximity,  area  ratio,  and  sub-basin
mean were amalgamated for regionalization. The regional model parameters of the gauged catchment and
physical characteristics of ungauged catchments were collated together to develop the equations to predict
discharge  from  ungauged  catchments.  From  the  sensitivity  analysis,  crop  coefficient  (CC),  storage
coefficient  (R),  constant  rate  (CR),  and  time  of  concentration  (TC)  are  found  to  be  more  sensitive  than
others.  The model efficiency was evaluated using Nash–Sutcliffe Efficiency (NSE) which was greater than
0.75, varying between −10% and +10% and the coefficient of determination (R2)  was approximated to be
0.8  during  the  calibration  and  validation  period.  The  model  parameters  in  ungauged  catchments  were
determined using the regional model (linear regression),  sub-basin mean, area ratio,  and spatial  proximity
methods, and the discharge was simulated using the HEC-HMS model.  Linear regression was used in the
prediction where p-value ≤ 0.1, determination coefficient (R2) = 0.91 for crop coefficient (CC) and 0.99 for
maximum deficit (MD). Constant rate (CR), maximum storage (MS), initial storage (IS), storage coefficient
(R), and time of concentration (TC) were obtained. The result is that an average of 30 m3/s and 15 m3/s as
the maximum monthly simulated flow for ungauged sub-catchments, i.e. Denchiya and Mansa of the main
river basin.

Keywords: HEC-HMS;  Regionalization;  Stream  flow  simulation;  Ungauged  catchments;  Omo-Gibe  sub-
basin
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Introduction

Water resources management is a challenge in the
absence of adequate hydrological data. Most of the
Ethiopian  river  watersheds  are  ungauged  and
poorly  monitored  in  some cases.  There  are  a  total
of  560  gauged  stations,  454 of  which  are  opera-
tional  for  both  lakes  and  rivers  (Arsenault  et  al.
2019; Swain  and  Patra,  2019; Nega  and  Seleshi,
2021).  Continuous  stream  flow  prediction  under
the  above  circumstances  is  difficult  to  do  for  the
purpose  of  hydrology  study  and  watershed  mana-

gement  under  the  above  circumstances  (Samuel
and Couli baly, 2011; Shoaib et al. 2013; Donnelly
et al. 2016). In most cases, hydrometric stations are
either  not  available  in  ungauged  basins  or  they
have become defunct.  Estimations and predictions
of hydrological parameters and responses at ungau-
ged  places  are  difficult  either  due  to  the  required
variables are not sampled at the required resolution
or it has been recorded during a specific period of
time (Pinheiro and Naghettini, 2013; Li et al. 2015;
Barbarossa  et  al.  2017; Zamoum  and  Gamane,
2019). Besides, proper design of infrastructure and
water  supervision  are  associated  with  human  be-
ings,  biodiversity,  and  conventional  natural  re-
sources,  which  often  need  detailed  exploration  of
hydrological variables at ungauged sites. The risks
of  severe  hydrological  calamities  like  floods  and
droughts are steadily increasing with changing land
cover,  climate,  and  population  growth  (Haile-
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georgis  et  al.  2015; Javeed  and  Apoorva,  2015;
Mosavi et al. 2021). Since most of the catchment is
ungauged,  the  regionalization  procedure  may help
the  planner,  designer,  and  water  resources  mana-
gers  to  predict  the  flow  from  the  catchment  with
existing physical characteristics.

The  reliable  prediction  of  continuous  stream
flow in ungauged catchments and its parameter esti-
mation have remained a challenge, although signifi-
cant  insights  have  been  gained  in  recent  years
(Hailegeorgis et al. 2015; Teutschbein et al. 2018).
The  establishment  of  the  Prediction  in  Ungauged
Basins (PUB) initiated by the International Associa-
tion  of  Hydrological  Sciences  (IAHS)  shows  that
there  is  still  much  to  be  done  in  this  area  (Siva
palan  et  al.  2003; Wagener  et  al.  2004).  It  is
usually  assumed  that  the  model  parameters  repre-
sent some inherent and time-invariant properties of
the  catchment  under  study.  Early  attempts  at
modelling  ungauged  catchments  simply  used  the
parameter  values  derived  from  neighboring  ca-
tchments  where  stream  flow  data  were  available,
i.e. a geographical proximity approach (Teutschbein
et  al.  2018; Rajendran et  al.  2020; Tesfalem et  al.
2021). However, this seems to be insufficient since
even  nearby catchments  can  be  quite  different  in
their  hydrological  behavior  (Shoaib  et  al.  2013;
Pool  et  al.  2017; Rajendran  et  al.  2020).  Others
propose  to  estimate  parameters  from,  soil  pro-
perties such as porosity, field capacity and wilting
point  (for  model  storage  capacity  parameters);
percentage  of  forest  cover  (evapotranspiration
parameters);  or  hydraulic  conductivities  and  cha-
nnel  densities  (time  constants)  (Roy  and  Mistri,
2013). The basic methodology calibrates a specific
model  structure  to  as  many  gauged  catchments  as
possible  and  derives  statistical  (regression)  rela-
tionships  between  local  model  parameters  and
catchment characteristics. These statistical relation-
ships,  or  regional  models  as  mentioned  here,  and
the  measurable  properties  of  the  ungauged  catch-
ment  can  be  used  to  estimate  the  (local)  model
parameters. This procedure is usually referred to as
regionalization or spatial generalization (Sivapalan
et al. 2003; Abebe et al. 2010).

This  paper  proposes  both  theoretical  and  app-
lied issues related to the regionalization of contin-
uous  lumped  and  parsimonious  (parameter  effici-
ent) conceptual for rainfall runoff models. The prin-
ciple of parameter regionalization is discussed and
current problems and future directions of improve-
ment  are  identified  and  evaluated  using  eleven
catchments  located  in  central  parts  of  Omo  Gibe
Basin,  Ethiopia.  The  objective  is  not  to  derive  a
reliable and robust regional model equation, which

is  unlikely  with  the  small  number  of  catchments
used,  but  to  investigate  model  parameter  issues
through  regionalization  and  lumped  conceptual
rainfall runoff models. 

1  Study area

Omo-Gibe  river  basin  is  one  of  the  major  river
basins in Ethiopia and is located in the southern
part  of  the  country.  The  geographical  location
of  the  basin  lies  between  6°25 ′N  and  8°20 ′N
latitude  and  35°30 ′E  and  37°35 ′E  longitude
enclosing an area of 15 610 km2. It is surrounded
by  a  river  basin  in  the  southern  boundary  that
flows into Lake Turkana of Kenya (Fig. 1).

Lack  of  rainfall  and  flow  data  has  long  been  a
matter  of  concern  for  hydrological  modeling.  To
compensate  the  missing  data  of  climate,  average
values have been used,  and the regression method
was  adopted  to  generate  flow  data  (Oudin  et  al.
2008; Wale et al. 2009; Sellami et al. 2014). 

2  Methods

The  Hydrological  Modeling  System  (HEC-HMS),
a  comprehensive  hydrologic  modeling  tool  was
used to simulate the precipitation-runoff processes
of  the  watershed.  The  main  reason  for  selecting
this  tool  is  that  it  is  physically  based,  spatially
distributed  and  available  in  the  public  domain
(IHMS,  2006).  For  this  particular  study,  deficit
constant  loss  method,  Clark  unit  hydrograph,  and
constant  monthly  base  flow  technique  in  HEC-
HMS  were  used  to  simulate  runoff  for  each  sub-
basin.

Sensitivity analysis of the model parameters was
manually  followed  by  estimating  the  values  of
selected  objective  functions  (Zhang  and  Chiew,
2009; Bao et  al.  2012; Donnelly  et  al.  2016).  The
value  of  each  parameter  is  plotted  against  the
selective objective function and the parameters are
considered  the  most  sensitive  when  the  objective
function  shows  a  steep  slope  with  respect  to  the
parameter  values  in  the ranges from 60% to  20%,
while the parameters with less steep slope or nearly
flat were considered less sensitive. 

2.1 Data collection

In  the  study  area,  seven  gauging  stations  were  in
working  conditions  out  of  the  fourteen  available
stations. Hydrological data were collected from the
Ministry of Water, Irrigation, and Electricity (Mo-
WIE,  Government  of  Ethiopia),  and  meteorolo-
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gical data were obtained from the National Metro-
logical  Agency  (NMA,  Government  of  Ethiopia)
for the studied period. 

2.2 Data analysis

After the raw data were collected, the missing data
in stream flow and meteorological data were filled
and  consistency,  homogeneity  of  data  record  was
checked using double  mass  curve and non-dimen-
sional  parameterization  techniques,  respectively
(Table 1). 

2.2.1    Selection of representative physical catchment
characteristics
HEC-GeoHMS tools that work with Arc-GIS 10.2.2
were used to process high resolution 12.5 m × 12.5
m DEM (Digital elevation model). The selection of
the physical  catchment characteristics  (PCCs) was
based on the well-recorded data in the catchments
including  climate,  geography,  physiographic,  soil
type, land use and land cover and geology (Mazv-
imavi,  2003).  However,  before  the  selection  of
physical  catchment  characteristics  for  regionaliza-

tion,  evaluation  were  carried  out  to  avoid  inter-
dependency  or  inter-correlation  between  different
physical catchment characteristics. Thirty-two PCCs
were selected from each of three gauged and seven
ungauged catchments. 

2.2.2    Model calibration
From HEC-HMS Model results there are three sub-
catchments to calibrate hydrographs. The scatter plo-
tting depicts a perfect calibration from 1992 till the
end  of  2013  before  the  start  of  validation.  The
validation starts from early 2014 till 2020. 

2.2.3    Model performance
Root mean squared error (RMSE): RMSE is the
square root of the mean of the square of all errors.
The RMSE value  less  than  10% is  rationally
acceptable.  The  performance  is  equated  by  the
formula (Equation 1).

RMS E =

√
1
n

∑n

i=1
(Qsim−Qobs)2 (1)

Where：RMSE =  Root  mean  squared  error  be-
tween  the  predicted  and  observed  flow  calculated
in %;
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Fig. 1 Study Area  a)  Major  river  basins  in  Ethiopia,  b)  Omo-Gibe  River  Basin  and  selected  sub-watersheds  c)
Selected sub-watersheds and rivers

Table 1 Summary of hydrologically gauged stations

No River Station/site Area (km2) Latitude/Degree Longitude/Degree
1 Upper Gojeb Near Shebe 3 577 7.4 36.5
2 Gilgel Gibe Near Asendabo 2 966 7.7 37.3
3 Upper Guma Near Andra 231.2 7.1 36.3
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             Qsim = simulated flow;
             Qobs = observed flow;
              i = the time step, and n is the total amount

of time steps used throughout the standardization.
Nash –Sutcliffe  Efficiency  (ENS): ENS is  used

to evaluate the whole arrangement or profile of the
simulated  and  observed  hydrograph. ENS indicates
the  model's  effectiveness  by  linking  the  goodness
of  fit  of  the  simulated  data  to  the  variance  of  the
measured data (Equation 2).

ENS = 1−

n∑
i=1

(qoi−qsi)
2

n∑
i=1

(qoi− q̄o)
2

(2)

Where：qsi = the simulated value;
              qoi = the observed value;

−
qo              = the average observed flow;

              ENS values range from 1.0 (best) to - ∞.
Coefficient  of  determination  (R2): The R2

value  indicates  the  strength  of  the  relationship
between the observed and simulated values. The R2

coefficient and NSE simulation efficiency measure
how  well  trends  in  the  measured  data  are  repro-
duced  by  the  simulated  results  over  a  specified
time period and for a specified time step. R2 value
ranging from 0.75 to 1.0 indicating very good mo-
del performance and 0.5 to 0.75 refers to good per-
formance  between  observed  and  simulated  stream
flow (Equation 3). n∑

i=1

(qsi−qsavg)(qobs−qoavg)

2∑n

i=1
(qsi−qsavg)2(qobs−qoavg)2

(3)

 

2.2.4    Regionalization
Simulation  of  stream  flow  at  a  point  of  interest
requires transfer of various hydrologic information
including  model  parameters,  hydrologic  indices,
and  stream flow values  from gauged  to  ungauged
catchments.  This  procedure  is  commonly  referred
as  regionalization,  which  is  a  method  of  shifting
data from a similar  watershed to the catchment  of
interest  (Samuel  and  Coulibaly,  2011).  Discharge
prediction  needs  a  model  parameter  optimization
for  gauged  catchments  by  fitting  observed  and
simulated  stream  flow  (Merz  and  Bloschl,  2004;
Blöschl,  2005; Sawicz  et  al.  2011).  For  instance,
it  is  crucial  to  practice  regionalization  in  such
watersheds  to  transfer  data  from adequate  records
to  inadequate  ones.  Spatial  proximity  had  to  be
used  for  the  watersheds,  which  may  not  have
comparable  gauged  catchments.  Therefore,  the
methods  of  regionalization  using  similarity  of

catchment  characteristics  (regional  model)  were
applied  to  estimate  flow for  ungauged  catchments
(Solomon,  2001; Sivapalan  et  al.  2003; Goswami
et  al.  2005; Bao  et  al.  2012; Hailegeorgis  et  al.
2015; Ibrahim,  2015; Javeed  and  Apoorva,  2015;
Tamalew and Kemal, 2016). 

3  Result and discussion
 

3.1 Sensitivity  analysis  of  model  para-
meters

For  the  Upper  Gojeb  sub-basin,  in  terms  of  NSE,
the model response is most sensitive to crop coeffi-
cient (CC)  and storage coefficient (R).  The remai-
ning parameters, such as initial deficit  (ID),  maxi-
mum deficit  (MD),  constant rate (CR),  initial stor-
age  (IS),  maximum storage  (MS),  time of  concen-
tration (TC),  and Muskingum constants  (K and X)
do  not  affect  the  Nash  Sutcliffe  efficiency  (ENS)
(Fig. 2). In the case of coefficient of determination
(R2),  storage  coefficient  (R)  is  the  most  sensitive
parameter.  The  parameter  crop  coefficients  (CC)
slightly  deflect,  so  the  following  sensitive  param-
eter is crop coefficient (CC). When considering an
objective  function  of  root  mean  squared  error
(RMSE), crop coefficient becomes the most sensi-
tive  parameter.  Also,  constant  rate  (CR)  is  more
sensitive than the remaining parameters. The other
model parameters are less sensitive.
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Fig. 2 Sensitivity  analysis  using ENS of  Upper  Gojeb
Sub-catchment
  

3.2 HEC-HMS model calibration results

Model calibration results show that the model per-
formance of Upper Gojeb, Upper Guma, and Gilgel
Gibe  is  sufficient  to  evaluate  criteria  like ENS,
where R2 exceeds  0.6  and RMSE lying  between  0
and  +5%,  indicating  that  the  model  performs  rea-
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sonably for the calibrated period of 1992 to 2013. 

3.3 Model validation

The results of stream flow estimations indicate that
the HEC-HMS model is a good predictor of stream
flow in the central part of the Omo-Gibe basin. As
discussed earlier, the model parameters range, res-
ults  of  the optimized model,  and validation model
parameters  of  gauged  catchments  that  satisfy  the
objective functions for calibration also have reason-
able  performance  for  validation  tests  from  2014-
2020.  The  hydrograph  for  calibration  and  valida-
tion periods is shown in Fig. 3.
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Fig. 3 Calibration and Validation of the hydrograph
  

3.4 Results of regionalization
 

3.4.1    Catchment  selection  criteria  for  regionaliza-
tion
Based  on  the  calibration  results  (Upper  Gojeb,
Upper Guma, Gilgel  Gibe),  catchments were sele-
cted  for  regionalization  since  objective  functions
ENS values  were  greater  than  0.75  and RMSE be-
tween  0  and  +5%.  Therefore,  these  catchments
model parameters were used for regionalization. 

3.4.2    Model parameters and catchment characteris-
tics
The  relationship  between  HEC-HMS  model  para-
meters  (MPs)  and  physical  catchment  characteris-
tics (PCCs) allows us to realize and possibly fore-
cast how an alteration in the physical properties of
watersheds  impacts  on  its  hydrological  behaviors.
Optimized MPs and PCCs of  gauged  catchments
were  used  to  regulate  the  relationships.  As  the
correlation  coefficient  relies  on  critical  values  of

−0.90  to  0.90,  the  corresponding  correlation  is
statistically significant (Table 2). The simple linear
regression  indicated  that  the  significant  relation-
ship of MPs and PCCs is 93 out of 283 relations. 

3.4.3    Multiple linear regressions
In  this  study,  the  use  of  linear  PCCs  gave  better
relations. Linear regressions were applied to create
a  regional  model  using  optimized  PCCs  and  MPs
for gauged catchments in Microsoft Excel. Depen-
ding on the R2 (≥0.85) and significance or p-value (≤
0.10  for  95% confidence  interval),  PCCs  were
selected to establish regression equations. 

3.4.4    Determining MPs and evaluating stream flow
at ungauged catchments
To determine model parameters for ungauged catch-
ments,  three  gauged  catchments  (Upper  Gojeb,
Upper Guma, and Gilgel Gibe) and five ungauged
catchments (Mansa, Zigna, Denchiya, Lower Guma,
Lower  Gojeb)  were  selected  in  the  middle  Omo-
Gibe  basin.  To  determine MPs of  those  ungauged
catchments  the  following  four  methods  were  used
by the regionalization model method (Table 2). 

3.4.5    Simulation of stream flow at ungauged catch-
ments
Model parameters estimated from ungauged catch-
ments  were  simulated  by  the  HEC-HMS  model.
The  total  period  ranges  from  1990  to  2020,
whereas  the  warm-up  period  started  from  1992.
The  result  of  daily  stream  flow  was  converted  to
monthly  average  simulated  flow  for  selected  Lo-
wer  Guma  sub-catchments  which  are  ungauged
represented by four various regionalization methods,
namely  Linear  Regression  (LR),  Sub-basin  Mean
(SM), Spatial Proximity (SP), and Area Ratio (AR)
method. 

3.4.6    Similarity  of  catchment  characteristics  bet-
ween  gauged  and  ungauged  catchments  by  spatial
proximity
The  similarity  of  catchment  characteristics  be-
tween gauged and ungauged catchments of middle
Omo-Gibe sub-basin are discussed below.

Table  3 shows  the  result  of  geographic  and
physiographic  catchment  characteristics  by  using
12.5  m  ×  12.5  m DEM.  The  correlation  (R2)  of
ungauged  Mansa  is  0.92,  0.82,  and  0.83  with
gauged catchments of Upper Guma, Upper Gojeb,

Table 2 Model parameters estimated for ungauged catchments using regional model

Ungauged catchments TC R IS MS ID MD CR K X CC

Mansa 27 25 17 11 0.47 2.7 0.42 1.6 0.18 0.58
Zigna 25 26 18 11 0.39 2.6 0.24 0.6 0.18 0.67

Denchiya 26 26 18 11 0.46 2.6 0.25 0.6 0.18 0.82
Lower Guma 30 26 18 11 0.39 2.6 0.17 0.5 0.19 0.83
Lower Gojeb 52 29 23 9 0.47 2.8 0.35 1.6 0.23 0.84

Journal of Groundwater Science and Engineering    Vol.9 No.4 : 317—325

http://gwse.iheg.org.cn 321

http://www.gwse.iheg.org.cn


and  Gilgel  Gibe,  respectively.  As  the  correlation
result  indicates,  the  ungauged  Mansa  catchment
obtained  MPs  from  the  Upper  Guma  catchment.
Similarly,  the  correlation  of  other  catchments  was
shown in Table 3.

The correlation (R2) result in Land use and land
cover shows that ungauged Lower Gojeb has 0.58,
0.08,  0.58,  and  0.67  with  gauged  catchments  of
Upper  Guma,  Upper  Gojeb,  Gilgel  Gibe  respec-
tively. As the result shows Gilgel Gibe and Lower
Gojeb  catchments  have  high  similarities  in  land
use land cover PCCs (Table 3).

The  correlation  (R2)  of  ungauged  Zigna  in  soil
PCCs is  0.92,  0.98,  and  0.42  with  gauged  catch-
ments  of  Upper  Guma,  Upper  Gojeb,  and  Gilgel
Gibe,  respectively.  Similarly,  the  correlation  of
other  catchment  characteristics  such  as  soil  catch-
ment  characteristics  and  climate  catchment  char-
acteristics,  Land  Cover  catchment  characteristics,
and geographic  and physiographic  catchment  cha-
racteristics  with  gauged  and  ungauged  catchment
are shown in (Table 4). Fig. 4 shows the transfer of
MPs from  gauged  catchments  to  ungauged  catch-
ments  by  area  ratio  method  and Fig.  5 shows  the
model  parameter  transfer  by  spatial  proximity
method.

Fig. 6 shows that runoff simulated by sub-basin
mean and linear regression method has a high vol-
ume  compared  to  the  other  two  methods.  This
implies  that  the area ration method is  less  reliable
because it only considers the size of the catchment

area between gauged and ungauged catchments. In
the case of the remaining catchment, i.e. Zigna and
Denchiya,  runoff  simulated  by  spatial  proximity
has  a  high  volume  compared  to  other  methods.
However, runoff estimated by linear regressions is
fitted  with  the  observed  flow properly.  Therefore,
this method is the best compared to other methods
for the central Omo-Gibe basin.

Time  of  concentration  is  positively  correlated
with mean elevation and negatively correlated with
natural  forest,  while  maximum  deficit  positively
correlates  with  the  area  and  negatively  correlates
with dystric nitosols. On the other hand, crop coeff-
icient  positively  correlates  with  longest  flow  path
and  reversely  relates  with  basin  shape.  The  rela-
tionship to other characteristics is shown in Table 5. 

4  Conclusions

Based on the applied methodology and results, it is
concluded  that  characteristics  of  ungauged  catch-
ments  can  be  studied  from  the  results  from  the
hydrological  model  parameters  of  gauged  catch-
ments.  The  three  selected  gauged  stations  have
been simulated, which have a reasonable perform-
ance  with ENS greater  than  0.75  and RMSE in  be-
tween 0 and +5%. According to the sensitivity anal-
ysis,  model  parameters  of CC, R,  CR, and TC are
more  sensitive  while ID, MD,  IS,  K,  and X are
relatively  less  sensitive  in  the  central  part  of  the

Table 3 Geographic  and  physiographic  catchment  characteristics  correlation  (R2)  and  Land  Cover  catchment
characteristics correlation (R2)

Ungauged
Catchments

Geographic and physiographic catchment
characteristics correlation (R 2)

Land Cover catchment characteristics correlation
(R 2)

Gauged catchments Gauged catchments
Upper Guma Upper Gojeb Gilgel Gibe Upper Guma Upper Gojeb Gilgel Gibe

Mansa 0.92 0.82 0.83 0.52 0.06 0.62
Zigna 0.90 0.85 0.85 0.03 0.06 0.03

Denchiya 0.87 0.84 0.83 0.01 0.08 0.01
Lower Guma 0.90 0.84 0.84 0.77 0.05 0.88
Lower Gojeb 0.56 0.96 0.92 0.58 0.08 0.67

Table 4 Correlation of Soil catchment characteristics (R2) and Climate catchment characteristics (R2)

Ungauged
Catchments

Correlation of Soil catchment characteristics (R 2) Climate catchment characteristics (R 2)
Gauged catchments Gauged catchments

Upper Guma Upper Gojeb Gilgel Gibe Upper Guma Upper Gojeb Gilgel Gibe

Mansa 0.35 0.37 0.11 1 1 1
Zigna 0.92 0.98 0.42 1 1 1

Denchiya 0.48 0.53 0.14 1 1 1
Lower Guma 0.93 0.98 0.41 1 1 1
Lower Gojeb 0.45 0.48 0.15 1 1 1
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Omo-Gibe  sub-basin.  The R2 and  overall  signifi-
cance of the linear regression equations are accep-
table. The comparisons of the regionalization meth-
ods indicate that the stream flow estimation at ungau-
ged  catchments  by  regional  model,  spatial  proxi-
mity,  sub-basin  mean,  and  area  ratio  method  can
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Fig. 4 Model  parameter  transfer  by  spatial  proximity
method
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Fig. 6 Comparsion  of  average  monthly  simulated
flow  for  selected  sub-catchment  of  Lower  Guma  by
using four regionalization method

Table 5 Correlation values between model parameters (MPs) and physical catchment characteristics (PCCs) for
gauged catchments

PCCs TC R IS MS ID MD CR K X CC
Avarge slope −0.64 −0.76 −0.44 −0.44 −0.98 −0.83 −0.99 −0.02 −0.77 −0.24

Longest flow path −0.64 −0.51 0.96 −0.96 −0.04 0.69 0.34 0.99 −0.50 −0.91
Mean elevation 0.99 0.97 −0.50 0.50 0.72 0.00 0.41 −0.82 0.96 0.94

Minimum elevation 0.89 0.95 0.05 −0.05 0.98 0.55 0.84 −0.38 0.96 0.60
Maximum elevation 0.57 0.44 −0.98 0.98 −0.04 −0.75 −0.42 −0.97 0.43 0.88
Sum stream length −0.40 −0.25 1.00 −1.00 0.4 0.87 0.59 0.90 −0.24 −0.76

Area −0.43 −0.29 1.00 −1.00 0.21 0.85 0.56 0.92 −0.27 −0.79
Perimeter −0.21 −0.06 0.98 −0.98 0.43 0.95 0.74 0.80 −0.04 −0.62

HI − − − − − − − − − −
DD 0.44 0.29 −1.00 1.00 −0.20 −0.84 0.55 −0.92 0.28 0.79
CI 0.73 0.61 −0.92 0.92 0.16 −0.60 −0.23 −1.00 0.60 0.96
EL −0.99 −1.00 0.26 −0.26 −0.87 −0.26 −0.63 0.65 −1.00 −0.82

Basin shape 0.30 0.15 −0.99 0.99 −0.34 −0.91 −0.67 −0.85 0.13 0.69
Dystric nitosols −0.70 −0.80 −0.37 0.37 −0.99 −0.79 −0.97 0.06 −0.81 −0.31
Dystric fluvisols 1.00 1.00 −0.32 0.32 0.84 0.20 0.58 −0.69 1.00 0.86
Orthic acrisols 0.32 0.47 0.74 −0.74 0.83 0.98 0.98 0.38 0.48 −0.13

Dystric gleysols 0.09 −0.07 −0.95 0.95 −0.54 −0.98 −0.81 −0.71 −0.08 0.52
Leptosols −0.99 −0.96 0.50 0.50 −0.72 0.00 −0.41 −0.41 −0.96 −0.94
Cambisols −0.99 −0.96 0.50 −0.50 −0.72 0.00 −0.41 −0.41 −0.96 −0.94

Chromic vertisols 0.58 0.70 0.51 −0.51 0.96 0.87 1.00 0.10 0.71 0.16
Eutric cambisol −0.99 −0.96 0.50 −0.50 −0.72 0.00 −0.41 −0.41 −0.96 −0.94
Eutric nitosols −0.16 0.00 0.97 −0.97 0.48 0.96 0.77 0.77 0.01 −0.58

Orthic solonchaks −0.99 −0.96 0.50 −0.50 −0.72 0.00 −0.41 0.82 −0.96 −0.94
Gypsic yermosola −0.99 −0.96 0.50 −0.50 −0.72 0.00 −0.41 0.82 −0.96 −0.94

Eutric fluvisols 0.59 0.71 0.50 −0.50 0.96 0.87 0.99 0.08 0.72 0.18
Cultivation 0.99 1.00 −0.29 0.29 0.86 0.23 0.60 −0.67 1.00 0.84

Natural forest −0.98 −1.00 0.22 −0.22 −0.90 −0.30 −0.66 0.61 −1.00 −0.71
Shurb land − − − − − − − − − −
Grass land −0.79 −0.68 0.88 −0.88 −0.24 0.53 0.14 1.00 −0.67 −0.98
Wood land − − − − − − − − − −

SAAR −0.18 −0.33 −0.83 0.83 −0.74 −1.00 −0.94 −0.51 −0.34 0.28
MP dry −0.44 −0.57 −0.65 0.65 −0.90 −0.94 −1.00 −0.26 −0.59 0.00
MP wet −0.20 −0.35 −0.82 0.82 −0.76 −1.00 −0.95 −0.49 −0.36 0.25

PET 0.38 0.23 −1.00 1.00 −0.27 −0.88 −0.61 −0.89 0.21 0.75
Note: CI-Circularity index, DD-Drainage density, EL-Elongation Ratio, HI-Hypsometric integral, PET-Potential Evapo-
transpiration, SAAR-Standard Annual Average Rainfall.
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have high or low runoff volume in the study area.
Regional  model  (linear  regression  method)  is
regarded  to  be  the  best  compared  to  the  other
models. Generally, in the middle Omo-Gibe basin,
the  HEC-HMS  model  is  found  to  have  a  satis-
factory  result  for  estimating  daily  stream  flow  at
ungauged catchments. 
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