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applying remote sensing techniques over QuickBird images. The sourcing of T into groundwater (T
g
) and unsaturated zone (T

u
) components 

was resolved by combining sap flow measurements of T and proportional contributions of T sources derived from mixing model solution based 
on stable isotopes of groundwater, unsaturated zone water and stem sap. The E of the bare soil areas in-between the tree canopies and its 
sourcing into groundwater (E

g
) and unsaturated zone (E

u
) components were modelled on the base of profile measurements of soil temperature, 

soil moisture and soil matric potential. The four ET components obtained as a result of partitioning and sourcing of ET, could be finally compared 
with the tower estimates of the total ET.

For example on 11-08-2009, at the eddy tower footprint, the dry season ET was 0.60 mm/d, E = 0.5 mm/d and T= 0.04 mm/d. With 10% 
closure error, the experiment showed that E was by far more relevant than T, likely due to the sparse savannah type of tree coverage. The 
sourcing of E resulted in E

g
 = 0.22 mm/d and E

u
 = 0.28 mm/d while the sourcing of T indicated T

g
 = T

u
 = 0.02 mm/d. The experiment showed 

the large importance of groundwater evapotranspiration (ET
g
 = E

g
+T

g
), emphasizing particularly the role of dry season vapor flow evaporation 

of both E
g
 and E

u
.
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The water balance of a catchment is controlled by several hydrological processes (i.e. precipitation, interception, soil evaporation, transpiration, 
infiltration, runoff, percolation, groundwater flow) that regulate storage and exchange of water between hydrological reservoirs (i.e. surface, 
vegetation and unsaturated and saturated zones). The reliable closure of subsurface water balance is challenging because the subsurface water 
fluxes (SWF) are difficult to assess and are largely spatio-temporally variable.

We propose to improve the catchment water balance by: (i) partitioning of SWF, i.e. quantitative allocation of the SWF to either evaporation 
or transpiration processes; (ii) sourcing of SWF, i.e. quantitative allocation of the SWF to either unsaturated or saturated zone depending on 
their origin; and (iii) development of a transient, distributed land surface and unsaturated zone model (MARMITES), dynamically coupled with 
MODFLOW. MARMITES solves the water balance on a daily basis in the soil zone, using simple relations between fluxes and soil moisture. 
The processes included in MARMITES are interception, evapotranspiration, runoff, surface storage, infiltration, percolation and soil moisture 
storage. The recharge computed by MARMITES is implemented in MODFLOW while the depth of the water table computed by MODFLOW is 
returned back to MARMITES. The calibration is typically done against soil moisture for MARMITES and hydraulic heads for MODFLOW. The 
MARMITES-MODFLOW output provides distributed catchment water budget on daily basis, separately for unsaturated and saturated zone, 
the latter allows identification of critical groundwater balance components: gross groundwater recharge, groundwater uptake by plants, direct 
evaporation from water table and groundwater runoff.

We applied the model to semi-arid, granitic La Mata catchment (~4.8 km2, Spain), characterized by shallow, ~2 m depth water table. Prior 
to modeling we performed various experimental studies as described in Part 1 to: a) estimate total evapotranspiration (ET); b) partition ET into 
bare soil evaporation (E) and tree transpiration (T); and c) source groundwater and unsaturated zone components of E and T. Subsequently we 
integrated these results into the coupled MARMITES-MODFLOW to compute daily catchment water balance.
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Volumetric soil specific yield water content ( ), or volumetric soil drainable water content ( ), is an important component in estimating 
groundwater recharge (GWR) using the water-table fluctuation (WTF) method. The use of volumetric soil fillable water content ( ) instead 
of  has been proposed due to the effect of hysteresis on the soil moisture characteristic curve (SMCC), which shows that the  may be 


