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Most are the most sought  parameters for 
WH 

• runoff, 

• evapotranspiration and 

• recharge



Are they available  & reliable for use 
where WH is most needed? 



What is the possible way-out? 

• Oral sources – ask elderlies about the local situation

• Difficult to qualify and quantify 

• Less spatial and temporal reliance, particularly in 
understanding the overall hydrodynamics

•Remote sensing data sources 
• Require conducive data capturing facilities

• Need expertise to acquire, analyze and process  
data and customize models

• Require calibration, validation has to pass 
through pilot phase



What sort of data is available? 

• Rainfall and temperature d data-
• Climate Hazards Group InfraRed Precipitation with 

Station data (CHIRPS)

• METEOSAT (high spatial resolution)

• STAR Satellite Rainfall Estimates

• CMORPH

• Special Sensor Microwave /Image (SSM/I) – since 1978

• Operational Hydro-Estimator  (HE) Satellite -since 2002-
every 15mnt

• Tropical Rainfall Measuring Mission (TRMM) –

since Nov 1997 but ended on  April 15,2015



What sort of data is available? 
• Global Estimates & Predictions

• National Center  for Environmental Predication (NCEP)

• Combined system of observed and satellite estimates

• Moisture Estimate –
• Gravity Recovery and Climate Experiment (GRACE)- since 

March 2002

• GPR, , ..

• Image
• Optical 

• Landsat- since 1972

• Radar



Acquiring data

7

Low and high spatial, temporal resolution multi-

spectral and RADAR satellite images, digital terrain

models and satellite rainfall estimates are required

for such data-scarce watersheds. The following links

are some of the online data sources

https://earthexplorer.usgs.gov/
https://scihub.copernicus.eu/dhus/#/home
https://climateserv.servirglobal.net/
https://search.asf.alaska.edu/

https://search.asf.alaska.edu/


Satellite image and Digital Terrain Models

!Register to get full service

12/1985

12/2000

12/2022



Use Path/Row Shapefile on a map or Path/Row kml on Google Earth 
to find path and row of your geographic area of interest.



Sentinel Images and many other important products

https://scihub.copernicus.eu/dhus/#/home
!Register to get full service



Very High Spatial Resolution Image Using Global mapper online sources



High Spatial Resolution Terrain Model, Image ASF Data Search

https://search.asf.alaska.edu/



Copernicus Open Access 
Hub- provides Sentinel Images and many other important products

CHIRPS Rainfall
https://climateserv.servirglobal.net/

15308 files



Optional RO, ET & RE Estimation method
using RS and hybrid data

• Objective
• To estimate runoff, evapotranspiration and recharge to implement  

water harvesting project in  specific data scarce watershed 

• Method 
• Image processing 

• Modeling

• Data type
• Estimated and predicted data for  hydro-metreological parameters

• Optical and Radar images to generate land use and topographic 
features

• Software
• MS Office, Image processing and GIS softwar



Target watershed delineation
from SRTM30M V3



Required data type

• for both ‘Bega’ and ‘Kiremt’ seasons 
• Landuse/Landcover

• Precipitation

• Potential Evapotranspiration

• Wind speed

• Temperature

• Groundwater depth

• Soil

• Slope Topography

• Parameters

• Landuse/Landcover parameters

• Soil coefficient

• Runoff coefficient



Landsat Image 
To generate Landuse/Landcover



Landuse/Landcover

• Can be generated from recent Landsat 8 data- sing in: 
earthexplorer.usgs.gov

NDVI

LULC as of April 15,2015

Preparing required data input



Topography- from SRTM30M V3

Preparing required data input…



Slope - from SRTM30M V3

Preparing required data input…



Preparing required data input…

• Groundwater depth

• Estimates deduced from interpretation of satellite images for  
geology, hydrogeology and climate parameters generated 
from CFSR data

• Observation of existing wells,  springs will help to validate



Soil- in USDA soil class

Preparing required data input…



Required data type

Hydro-meteorological parameters : 

• Precipitation

• Potential Evapotranspiration

• Wind speed

• Temperature

• Groundwater depth

• Parameters

• Landuse/Landcover parameters

• Soil coefficient

• Runoff coefficient



Where and why, we need RS data in puts?



Where and why we need RS data in puts?





• Hourly data Climate Forecast System Reanalysis (CFSR) is 

available since 1979 to June, 2014)
• Ground, upper air balloon, aircraft and satellite observation are 

assimilated in this estimate

• High horizontal resolution ~ 47km @ the equator 

• Provide many variables 
• Maximum temperature

• Minimum temperature

• Precipitation

• Wind speed

• Relative humidity and 

• Solar radiation 

Climate Parameters- CFSR



Climate model vs Altitude

• Model parameters 
• High PET values

• Net vs total radiation ?

• No bias corrected data for eth.? 
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Climate Parameters- CFSR…
Checking data quality 



Bias correction

Where,
• Pbc is Bias corrected future rainfall amount in mm; Pp is 

predicted future rainfall amount in  mm;
• Po is  mean  of  observed  rainfall  amount  in  mm;  Pr

is  mean  of  computed historical rainfall during the
observation period in mm.

• Tbc is Bias corrected future temperature in °C; 
• Tp is predicted future temperature °C;
• T o is mean of observed temperature °C; 
• Tr during the observed period in °C

A second method called “delta 
approach” that corrects only the 
mean and which resulted in a 
better match was used by 

Geremew & Agizew, 2015.  The 
formulas used for temperature and 
rainfall bias correction are 
indicated in Equations 1 and 2. 
Corrections factors were 
computed for each month.



Template developed in Excel 

*
*

*
*

Hydrological Inputs- data preparation 





Modeling in WetSpass
• "WetSpass"  an acronym for  Water  and  Energy Transfer between 

Soil, Plants  and Atmosphere under  quasi  Steady  State, 

• It is a GIS-based recharge estimation model by coupling surface-
subsurface water balances (GIS) (Bate- laan and  De Smedt, 2001)

• WetSpass is used for simulating yearly or seasonal averages of 
groundwater recharge, evapotranspiration (soil evaporation and 
transpiration also as separate outputs, runoff, and interception (O. 
and De Smedt, F., 2007)

• The groundwater recharge output from WetSpass is used as input 
for MODFLOW in a steady state or seasonal varying groundwater 
model

• The model has been applied satisfactorily in different areas in 
Belgium and in some parts of Ethiopia. 

• The WetSpass model Batelaan, and its ArcView interface are freely 
available upon request)



Preparing input data …

• Parameters- provided by the Model developers but need 
revisit to when applying outside temperate zones
• Landuse/Landcover parameters for Bega and Kiremit

• Soil coefficient

• Runoff coefficient



Model Outputs

WetSpass produces output files with results for 
winter, summer and year average periods.

• Grid output names start with:

• recharge

• Run-off

• Soil evaporation

• Transpiration (vegetation) 

• Interception

• Total evapotranspiration



Thank you!
For more information visit www.roadsforwater.org

or send an email to adeligianni@metameta.nl

http://www.roadsforwater.org/
mailto:adeligianni@metameta.nl
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