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Critical Water Resource Monitoring - Sana´a Basin / Yemen

	1. Critical Water Resource
           Management
Sana´a Basin / Republic of Yemen




     Dipl.-Geogr. Thomas Kukuk, Dipl.-Geogr. Jochen Maier
 


	2. The LIMES Project
                                         Objectives and Expected Benefits




The LIMES Project is co-funded by the European Commission within it´s FP6.
It aims to complement the GMES (Global Monitoring for Environment and Security)
Project by developing new information services to be used for European or Global
security management and the organization of a network for researchers and End Users.
One of the major challenges is to prove the potential of remote sensing applications for
monitoring water resources in regions of pronounced water scarcity and thus to
contribute to the establishment of sustainable water resources management practices.




                                         GAF AG
 


	3. Geo-Scientific Characteristics
                                                       The Sana´a Basin / Yemen

•   The Sana´a Basin is a highland area extending over
    3 200 km² with an average altitude of 2 200 m AMSL.

•   The climate of the Sana´a Basin can be classified as
    cold arid desert (BWk) climate.

•   The amount of rainfall is strongly affected by
    topography and shows an average of 230 mm and a
    maximum of 300 mm in the Western Highlands.

•   The mean temperature around Sana´a ranges
    between 17°C and 18°C .

•   About 75% of the population depends wholly on
    agriculture, being by far the main water consumption
    factor in the area.


•   Groundwater depletion is found to be up to 6m per
    year and water for Sana’a may run out in 15 – 20
    years.
                                                 GAF AG
 


	4. (Hydro)Geology




                                                                                         Geological Overview, Sana´a Basin with three representative
                                                                                        geological section lines (Modified, after Charalambous, 1982)
•   Five different geological units
    crop out in the Basin: Quaternary
    Alluvium, Quaternary and Tertiary
    Volcanic Rock, Cretaceous
    Tawilah Sandstone and Jurassic
    Amran Limestone

•   By far the most important and
    productive aquifer is the Tawilah
    Sandstone, however the
    Quaternary Alluvium was and still
    is highly exploited




             The Sana’a Basin suffers from rapid and extreme depletion of groundwater
             and the use of groundwater by far exceeds its natural recharge

                                            GAF AG
 


	5. Data Acquisition and  Processing


Utilized Data:                                                                  SPOT 5 Pan/Multispectral

•   Satellite Data: Landsat ETM, SPOT 5,
                                                                                           Preprocessing

    JERS, (SRTM DEM, HyDIS Precipitation Data)                                             Orthocorrection




•   Geological Maps (Robertson, 1:250 000)                                           SPOT based Derivation of
                                                                                         Land Use Classes


•   Hydrogeological Data (Robertson, 1:250 000)
                                                                                     Automatic Classification
•   Meteorological Data
•   Topographic Maps                                Division of Data Set into                          Ancillary Data:
                                                           Working Units
                                                                                                       - Topomaps
•   SBWMP ancillary data                                                                               - MS-Images
                                                                                                       - Ground Truth Data
                                                         Derivation Spectral
                                                                                                       - DEM
                                                              Signatures

Optical Satellite Image Processing:
                                                         Test Classification
                                                                                                                         Post Editing
1.Geometric Correction (PCI 9.1 Ortho-Engine)
                                                             Classification
                                                                                                                         Compilation
2.Radiometric Correction (MODREF)
                                                                Filtering
                                                                                                                    Quality Control,

3.Image Classification (ERDAS Imagine)                                                                              Homogenisation


                                                                                                                         Verification


                                                                                                                          Validation


                                                GAF AG
 


	6. Data Interpretation and  Map Generation


Irrigated Areas and Cropping Pattern:

•Supervised and unsupervised classification of
SPOT 5 Imagery was used for the analysis of
agricultural land use in the Sana’a Basin.

•To derive the real acreage irrigated by
groundwater, natural vegetation and rainfed
crops had to be excluded from the general
vegetation acreage.

•Calibration was done on the base of the SPOT
5 imagery together with ground truth
information.

•The following crop classes were use for the
LU/LC Maps:
           Qat, Grapes, Orchards, Irrigated
Mixed Crops, Rainfed Crops / Natural
Vegetation

                                                 GAF AG
 


	7. Data Interpretation and  Map Generation

Evapotranspiration Pattern:




                                                                                                      evapotranspiration (modified after FAO, 1998.)
                                                                                                      Three step approach to calculate actual
•   The hydrological model PROMET
    (Mauser & Schädlich, 1998) is applied to the
    Sana'a basin for the spatially distributed
    calculation of the
    potential evapotranspiration Eto.
    The model is based on the FAO Penman-Monteith
    equation.

•   The model utilizes standard climate records from
    regular weather stations in Yemen
    complemented with measurements of a newly
    equipped micrometeorological station situated in
    the Sana’a Basin.

•   For many crops the specific coefficient Kc is available in literature and can be applied after an
    adjustment to the conditions in the Sana’a basin. Because no Kc coefficients exists for qat
    based on experimental data in literature yet, it had to be derived.

•   Where field conditions differ from the standard conditions, a correction factor Kc is required.

                                                 GAF AG
 


	8. Precipitation

à The free  accessible HyDIS (Hydrological
Data and Information) System provides
precipitation estimations from satellite data
with high temporal (6hr) and spatial (0.25°)
resolution.




                                                         HyDIS uses artificial neural
                                                         network     functions    and
                                                         procedures to compute rainfall
                                                         rates.
                                                         The average annual precipitation
                                                         for     the   Sana´a      Basin
                                                         (01/07/2004-31/06/2005)
                                                         calculated from HyDIS data is
                                                         229 mm.
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	9. Effective Rainfall

The largest  amount of rainfall in dry regions is not available for vegetation as it evaporates from soil
or leaf surface shortly after the rainfall event or converts into groundwater recharge in non-
vegetated areas.

                 Effective Rainfall
           The amount of rainfall that actually can
           be used by vegetation

           plant-available water from overland flow
           + water infiltration after heavy rainfall



à Water from overland flow can be estimated as 5.5%
  of total annual precipitation (WRAY-35 report).

à Infiltration after heavy rainfall events was
                                                                  Million m3
  calculated with the FAO Daily Soil Moisture
  Balance Method.
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	10. Net Ground Water  Use by Agriculture

 à More water is used by the farmers than by the plants itself (Eta). This difference is expressed in
 the irrigation efficiency. It is a factor that describes how much water is needed to obtain the
 observed ETa.
 For the Arabian Peninsula a recent publication listed an irrigation efficiency factor of 0.6
 (State of Water in the Arabic Region, 2004).

Net Ground Water Use by Agriculture = Water Consumption by Agriculture - Effective Rainfall
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	11. Results


•    The total water consumption by agriculture
    during the investigation period in
    2004/2005 was 139.46 Million m³.

•   The total annual rainfall was 752.42 Million
    m³.
    The total effective rainfall amounts
    approximately 42.94 Million m³, depending
    on the utilized parameters for runoff and
    infiltration.

•   This results in a net ground water use by
    agriculture of ca. 96 Million m³.

              The Sana’a Basin suffers from
              rapid and extreme depletion of
              ground water and the use of
              ground water by far exceeds its
              natural recharge.
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	12. LIMES: General Work  Architecture




                              Ses.!
                              Poster Presentation on IDRC 2010
 GAF AG
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