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�	 Internal validation of spatial and temporal consistency (e.g. of time series)

�	 Direct validation against measured in-situ data and observations

�	 Consistency of data components among the three spatial resolution levels 

Because the WaPOR database represents time series of data on the same water productivity variables 
at three spatial resolutions, the evaluation and validation of spatial and temporal data consistency among the 
three different spatial resolution layers (250m, 100m, and 30m) was also considered important.

The data analysis and validation approach and the workflows on the data are schematically illustrat-
ed in Figure 2-2. The different validation components and methods can also be recognized. We can mention 
cross- and internal validation for inter- and intra-product physical data consistency appraisal, direct validation 
to in-situ ground data and the evaluation of the spatial resolution level data consistency. The product physi-
cal validation and direct validation were undertaken on the L1 product for the period 2009-2018. The physical 
validation includes inter- and intra-product physical consistency. The inter-product physical comparison in-
cludes an assessment of the water balance and water availability (ETIa), comparison to other global products 
(ETIa and NPP) and literature (cross-validation) (ETIa) for basins in Africa. The water balance utilises other 
existing continental datasets to complete the water balance and is therefore also considered cross-validation. 
The intra-product physical consistency check is undertaken by observing the spatial and temporal consistency 
between WaPOR products for Africa and the Near East. The spatial and temporal consistency checks if spatial 
and temporal patterns are being captured by not only the ETIa and NPP, but the SMC, NDVI and SR and also 
considers how they inter relate. We therefore consider this an intra-product spatial and temporal consistency 
check. The direct validation involves comparison to ETa, NPP and RET to estimations from in-situ EC stations 
and to farmer reported yields (NPP only). The level consistency checks for the consistency between levels and 
therefore indicates if the quality of the L1 product is representative of the L2 and L3 products. Additionally, a 
comparison between V1 and V2 ETIa and NPP products was undertaken. The metrics used in the validation are 
summarized in Annex A.

Figure 2-2. Approach used for the validation of the ETIa and NPP WaPOR products in Africa and the Near East.

2.2.	 Rule- and model-based validation for physical consistency

2.2.1.	 Water availability and mass balance appraisal

The basin-scale performance of ETIa-WPR was analysed for the 22 major hydrological river basins of Africa 
(Lehner & Grill, 2013) (Figure 2-3). First, the ETIa-WPR was compared to the PCP on an annual basis to com-
pare the water used by evaporative processes or ETIa-WPR to the water available from precipitation or PCP. 
Second, the basin-scale water balance approach compared the long term ETIa-WPR product to the long term 
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Figure 3-1. Annual basin-averaged ETIa-WPR/PCP ratio�s for 22 major river  v2basins in Africa for the 10-year period 2009-2018, as 
derived from Level-1 WaPOR V2. 
Source: FAO 2020a, with authors’ additional inputs
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ETIa-WPR and ETa-MOD16 was greater at lower ETa-MOD16. The ETa-Fu is underestimating ETa compared 
to the WB in the basins. The absolute relative difference, between ETIa-WPR and ETa - WB typically decreases 
with increasing PCP. The long term ETIa-WPR is larger than the ETa - WB on 13 out of 22 basins. The Q ranges 
from 4.4% (South Interior) up to 47.0% (Central West Coast), with a median of 18.6%, of the long term PCP. The 
Q is larger in basins with higher ETIa-WPR and PCP. In basins where the long term average Q is less than 150 
mm/year (18 basins out of 22), the relative difference between ETa estimates ranges from -20% to +70%. When 
the long term average Q is greater than 200 mm/year the relative difference ranged from -12% to +20%. 

Figure 3-2. The relationship between long-term average annual ETIa-WPR (left), the ETa - MOD16 (Near) and ETa - Fu (right) plotted 
against average annual ETa-WB for major hydrological basins of Africa. The black dotted line is the linear regression and the red line is 
the 1:1 line.

The long-term (2009-2018) ETIa-WPR for basins in Africa is estimated to be 590.6 mm/year, which is 
12.2% larger than the long-term ETa-WB, estimated to be 518.7mm/year. The 2010 ETa average for the entire 
WaPOR extent is compared against ETIa-WPR V1 and other models in Figure 5. These values are sourced from 
the WaPOR V1 validation report (FAO and IHE Delft 2019) and include three remote sensing-based surface 
energy balance models - Atmosphere-Land Exchange Inverse (ALEXI), Surface Energy Balance System (SEBS), 
and SSEBop v4, a remote sensing-based Penman-Monteith approach - MOD16, a remote sensing-based artificial 
neural network product - Water, Energy, and Carbon with Artificial Neural Networks (WECANN), a hybrid re-
mote sensing-based model � ETMonitor, a land surface models with remote sensing data assimilation - Global 
Land Data Assimilation System (GLDAS), a Priestley-Taylor approach driven by meteoroidal data - GLEAM v3.2, 
and, an up-scaled FLUXNET product - Multi-Tree Ensemble (MTE). The ALEXI and SSEBop v4, both remote 
sensing-based surface energy balance models, have a similar performance, 519 and 497 mm/year respectively. 
All other approaches, including SEBS, MTE, ETMonitor, WECANN, MOD16, GLEAM v3.2 and GLDAS, report a 
lower average annual ETa in 2010, ranging from 11% lower (GLDAS) to 38% lower (GLEAM). As compared to the 
CHIRPS PCP product, ETa as estimated from these products are consuming 54% (GLEAM) to 78% (GLDAS) of 
the PCP. Compared to the models with higher ETa that are consuming 83% (SSEBop) to 87% (ALEXI).

Figure 3-3. Long-term average continental ETa of various models (values taken from FAO 2019) and ETIa-WPR. The orange dotted line 
represents the ETIa-WPR and was used for reference to other datasets.
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Figure 3-4. Mean annual ETIa and NPP for WaPOR (2009-2018) and MODIS (2000-2014).  
Source: this study

The spatial consistency between the WaPOR and MODIS ET and NPP products varies between land 
classes and climate zones. The agreement between ETIa-WPR and the NPP-WPR and the ETa-MOD16 and the 
NPP-MOD17 for each climate class are land class are shown in Figure 3-5 and Figure 3-6 respectively. Please 
note that comparisons and statistics (including mean values) were derived from values where data existed for 
both datasets (so excluding the no-data areas in the MODIS products).
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Figure 3-5. WaPOR plotted against MODIS for ETIa (left - upper) and NPP (left - lower) for years 2009-2014 for major and minor cli-
mate classes. Mean annual ETIa (right � upper) and NPP (left upper) for both WaPOR and MODIS and correlations for each climate 
class. Black line shows linear regression and red line shows 1:1 line.  

Figure 3-6. WaPOR plotted against MODIS for ETIa (left - upper) and NPP (left - lower) for years 2009-2014 for crop classes. Mean 
annual ETIa (right � upper) and NPP (left � lower) for both WaPOR and MODIS and correlations  for each Land Cover Class (FAO-LCCS 
codes � see Table 2-1). Black line shows linear regression and red line shows 1:1 line. 

The NPP-WPR and NPP-MOD17 products generally show a higher agreement than the ETIa-WPR and 
ETa-MOD16 products. The ETIa-WPR is larger than the ETa - MOD16 for all climate classes except Cfa, and all land 
classes except 60 (bare/sparse vegetation). The NPP-WPR is larger than the NPP-MOD17 for all climate class-
es except BWk, Csa and Csb, and all land classes except 90 (shrub/herbaceous cover). The NPP-WPR and NPP-
MOD17 generally showed a higher correlation than the ETIa-WPR and ETa-MOD16. The correlation between the 
ETIa products is often higher when the correlation between the NPP products is high.  This is with the exception 
of land cover class 90 and land cover class 122 (tree cover open). 
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Both ETIa and NPP for WaPOR and MODIS show good agreement in rainfed cropland (class 41), but 
lower agreement in the irrigated cropland (class 42). This is a good indication as to the performance in the rain-
fed cropland area. The primary rainfed cropland occurs in the Aw and BSh, which are associated with a higher 
correlation for NPP-WPR and NPP-MOD17 products. The irrigated cropland is found mainly in Aw, BSh, BSk 
and BWh climate zones (Figure 3-7). These climates zones all have a high agreement between the NPP-WPR and 
NPP-MOD17 product. This suggests that the disagreement in the NPP in the irrigated cropland is associated 
with attributes associated with land cover classification and not climate. Conversely, the agreement between 
the ETIa-WPR and MOD-16 in irrigated cropland seems to be more influenced by the climate class. The lowest 
correlation is in the Af and Am zones for both ETIa and NPP products and the tree cover land classes (except for 
ETIa in 122). 

Figure 3-7. Designation (by percent) of cropland by climate class.

The relationship between the annual NPP-WPR and ETIa-WPR products and for the NPP-MOD17 and 
ETa-MOD16 products is positive, with overall correlations of 0.80 and 0.81 respectively and R2 of 0.65 and 0.66 
respectively. Figure 3-8 shows the annual NPP plotted against the annual ETIa for the WaPOR and MODIS prod-
ucts and the correlation between the WaPOR and MODIS products for each climate class and LCC. This rep-
resents the annual value of all points from the stratified random sample (3.10^4 points) from all years. Although 
the slope between the NPP - WPR and ETIa-WPR is slightly lower than that compared to the slope between the 
NPP-MOD17 and ETa-MOD16. This is likely attributed to the higher ETIa-WPR values as compared to the ETa-
MOD16. The highest correlations between the NPP and ETIa are occurring in the shrubland (class 20), grass-
lands (class (30) and rainfed and irrigated croplands for both MODIS and WaPOR. A low correlation between 
NPP and ETIa was found in the tree cover classes for both WaPOR and MODIS.  The correlation between NPP 
and ETIa for both WaPOR and MODIS was fair for all climate classes except for Af and Am. These climate classes 
are dominated by tree cover land class 112. 
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Figure 3-8. Relationship between NPP - WPR and ETIa-WPR (left � upper) and NPP - MOD17 and ETa-MOD16 (left � lower) for years 
2009-2014 and the correlations between WaPOR and MODIS products based on land cover class (right - upper) and climate class (right 
� lower).

The improved MOD16 has been validated against 46 Eddy Covariance (EC) flux tower stations across 
the globe. The mean absolute bias for ETa-MOD16 was 0.33mm/day (24.6%) driven by tower meteorological 
data, and 0.31mm/day (24.1%) driven by GMAO data, a global meteorological reanalysis dataset (Mu et al., 2011), 
with MOD16 overestimating EC data. This dataset showed little averaged bias with EC data. The MOD17 prod-
uct has been validated across several biomes at 9  in-situ EC locations. Results suggest that the NPP-MOD17 
and GPP-MOD17 products are responsive to general trends in the magnitude of NPP and GPP associated with 
local climate and land use. However, the MOD17 products tend to overestimate at low productivity sites and 
underestimate at high productivity sites (Turner et al., 2006). A more recent study suggested that GPP-MOD17 
products showed a good correlation but consistently underestimated GPP (bias = -5 to -20 gC/m2/8-day) (Wang 
et al., 2017). The MOD17 product tends to underestimate GPP or NPP, and therefore suggests that the WaPOR-
NPP is in the adequate  range at a continental, basin, climate class and land class scale.

3.2.2.	 Comparison of L1 ETIa-WPR and NPP-WPR with Meteosat MSG products

The spatial ETIa patterns for MSG-ETa and ETIa-WPR for dekad 1810 and 1830 can be seen in Figure 3-9. 
Patterns and map value ranges coincide well, although differences are clearly visible e.g. in the humid tropical 
(Congo basin). The ETa-MSG product shows more �nodata� pixels as more stringent data quality criteria are 
used in the production of this data set (and more gap filling through smoothing is used for L1 ETIa-WPR), and 
aggregation was not undertaken if 1 pixel in the dekad period was missing. 
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