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Executive summary

This report describes the quality assessment of the FAO s data portal to monitor Water Productivity through Open
access of Remotely sensed derived data (WaPOR 1.0). The WaPOR 1.0 data portal has been prepared as a major
output of the project: - Using Remote Sensing in support of solutions to reduce agricultural water productivity gaps ,
funded by the Government of The Netherlands. The WaPOR database is a comprehensive database that provides
information on biomass production (for food production) and evapotranspiration (for water consumption) for
Africa and the Near East in near real time covering the period 1 January 2009 to date. This report is the result of an
independent quality assessment of the different datasets available in WaPOR prepared by IHE-Delft. The quality
assessment checks the consistency of the different layers and compares the individual layers to various other
independent data sources, including: spatial data; auxiliary data and in-situ data. The report describes the results of
the quality assessment per data layer for each specific theme as available on the portal:

Precipitation (PCP)

The PCP dataset posted on the WaPOR data portal is a copy of CHIRPS, with a few modifications for data gaps
in agricultural areas. This dataset has been validated by different independent and international science teams.
The CHIRPS database is among the top PCP databases available online and performs specifically well on decadal
timescales.

Reference Evapotranspiration (RET)

The WaPOR RET data is able to correctly express RET climatic evapotranspiration across the continent. On the
continental level, variations in RET between years are low (varying less than 25 mm per year, 0.6%). A similar trend
isalso observed for one weather station. The WaPOR RET data is able to identify the impacts of 2009 EI Nino event,
with higher than average RET in Southern and West Africa and lower RET values in East Africa, consistent with El
Nino anomalies. However, some more validation with ground-based weather station data remains necessary.

Actual Evapotranspiration and Interception (AETI)

Compared to similar remote sensing databases of actual evapotranspiration, WaPOR AET] is reliable for a longer
period (e.g. ayear) and larger areas (e.g. asub-basin). The annual AETI for Litani basin in Lebanon is excellent. The
quality reduces with a higher aridity such as in Egypt and South Africa. The 250m and 100m pixels are less suitable
for detecting AET of vegetables and fruit crops; 30 m pixels add a lot of value. However there are several challenges
with the breakdowns of annual AETI into monthly and decadal values, and also spatially for local agricultural fields.
The latter is manifested in the validation with individual flux tower data (eddy covariance and surface renewal).
WaPOR AETI for the crop season is systematically underestimated (20-60%). Hence, a spatial and temporal
refinementof AETlisrequired. Itisfair to note that field measurements on AET| often have their own uncertainties.

Transpiration, Evaporation, Interception (T, E, 1)

All three products individually showed reasonable ranges in values and spatial variability. Compared to ETMonitor,
WaPOR T estimates are high and WaPOR E estimates are low. The high WaPOR ratio of T/AETI is consistent with
the Budyko approach, exceeding at the continental scale 0.7 ratio. While this does not always match with the general

X
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opinion, 0.7 ratio and higher for tropical forest and permanent crops are very acceptable. For the selected irrigation
systems in Ethiopia, Egypt, Lebanon and Ghana similar high T/AETI are found (>0.73), consistent for vegetated
areas.

Above Ground Biomass Production (AGBP)

Agro-ecological production is commonly expressed as Net Primary Production (NPP) in remote sensing
terminology, or crop yield in agronomic terms. A direct comparison against AGBP from other sources is difficult.
The comparison against NPP from MODIS and global ecological production models does not identify serious
problems at the continental scale: the absolute values and aerial patterns of NPP are very acceptable. This is
confirmed from the crop yield analysis for sugarcane (Ethiopia), grapes (Lebanon), rice and bananas (Ghana) and
wheat (Egypt). Fresh crop yield could be very well approximated, provided that local calibration of Harvest Index
and the moisture content of the harvestable product is considered and the cropping season is defined on the basis
of local information. This implies that local agronomical knowledge is necessary to convert AGBP into crop yield.
Some warning on the role of the default 0.65 shoot-root ratio and default C3 crop maximum light use efficiency of
2.49 gr/MJ of total dry matter for all C3and C4 crops should be mentioned in the information section of the WaPOR
website.

Land cover classification

Land cover classification, as all data layers, has been created with different spatial resolutions. The single most
relevant class for water productivity is the distinction between rainfed and irrigated crops. While the WaPOR
irrigated area extent is at times comparable to the GMIA from FAO AQUASTAT, verification with other sources and
field measurements indicated that a serious underestimation occurs. The procedure applied for mapping irrigated
areas may need to be improved.

Phenology

The crop phenology is essential for assessing the accumulated values of biomass production (AGBP and TBP) and
water consumption (AETI). This study finds that the accuracy of the phenology is poor and does not match with
local cropping calendars. This is a serious limitation for approximating the accumulated values between dates
of emergence and date of harvest. This part of WaPOR can currently not be used without local information or
validation, and an appropriate warning should be provided through the WaPOR portal.

Water productivity

The water productivity layer in WaPOR is a compilation of other WaPOR layers (phenology, land use, AGBP, AETI
and T), errorsinthose layers are therefore compounded in the water productivity layer. The errors in the phenology
and land cover classification layers were overcome by applying the start and end date of the season and using a
polygon of the field obtained from observations. The analyses show very good comparisons with a slight deviation
due to the inclusion of fallow land within the polygons. For example the WP analyses for sugarcane (Ethiopia)
is therefore underestimated with non farm land (fallow land, buildings, roads and open water) showing low WP.
On the other hand, WP for wheat and maize (Egypt) can be overestimated as included fallow areas show high WP.
Finally, WP analyses in a humid zone (Southern Ghana) shows little distinction between the agricultural lands and
the surrounding natural vegetation. It is clear that detailed cropping maps are required to exclude this kind of noise
from the WP analyses.



1. Introduction

A. Overview

This report is an output of the project Using Remote Sensing in support of solutions to reduce agricultural water
productivity gaps , funded by the Government of The Netherlands. The project is lead by FAO with the following
project partners: FRAME consortium, IHE Delft and IWMI. The objective of the project is monitoring water
productivity, identifying water productivity gaps, proposing solutions to reduce these gaps and contributing
to a sustainable increase of agricultural production. The main output is to develop an open access data portal
on remotely sensed derived water productivity in Africa and the MENA region, hosted by FAO. The FRAME
consortium, consisting of eLEAF, VITO, ITC, and the WaterWatch Foundation, is responsible for creating and
providing the remote sensing data for the project. In April 2017, FAO s portal to monitor Water Productivity through
Open access of Remotely sensed derived data (WaPOR) was launched as a Beta version. Two parallel independent
quality assessments of the Beta version were implemented by IHE Delft and ITC. Recommendations from these
assessments were used to prioritize improvements for WaPOR version 1.0. In August 2018, this improved version
was made available through the link: https://wapor.apps.fao.org (version 1.0), in December 2018 some additional
improvements on the user interface of the portal were made available through version 1.1. An overview of the
available WaPOR data is provided in Table 1.

Detail of WaPOR Map Gross Biomass Water Productivity 2018 - Kenya, Somalia and Ethiopia



Table 1
Thematic areas and WaPOR data components available for different spatial resolutions®

Thematic area Layers Level 1 (250 m) Level 2 (100 m) Level 3 (30 m)
Climate Precipitation (PCP) Daily/decadal/

annual (5km)

Reference Daily/decadal/
Evapotranspiration (RET) annual (20km)
Water Actual Evapotranspiration Decadal/annual Decadal/ seasonal/ Decadal/
and Interception (AETI) annual seasonal/ annual

Transpiration (T)

Evaporation (E)

Interception (I)

Land Above ground biomass Annual Decadal/ seasonal Decadal/ seasonal
production (AGBP)

Land cover classification Annual Annual Decadal
(Lce)
Phenology Seasonal Seasonal
Net Primary Production Decadal Decadal Decadal
(NPP)
Water Gross WP Annual Seasonal Seasonal
Productivity
(WP) Net WP Annual Seasonal Seasonal

* currently available products in the WaPOR portal

The WaPOR database is the first comprehensive dataset that combines biomass production (for food production)
and AETI information (for water consumption) at continental scale near real time covering the period 1 January
2009 to date. It should be emphasized that the Gross WP and Net WP are based on Above Ground Biomass
Production and not on the fresh crop yield as is often done for international WP studies. The reason for avoiding
crop dependent information is the lack of accuracy to determine crop layers from earth observation data. The
validation of AGBP and WP can however only be done through conversion into crop yield data, because AGBP is
rarely measured under actual field conditions.

B. Quality Assessment

Output 2 of the project includes a quality assessment of the WaPOR database. Results of this independent
assessment by IHE Delft are presented in this report. Itis meant for an independent verification of WaPOR version
1.0 dataand it forms a basis for including improvements in WaPOR version 2.0. This quality assessment checks the
consistency of the different layers and compares the individual layers to various products:



Table 2
Overview of comparisons made for each layer

1. Introduction .

Thematic  Layers Spatial data Aucxiliary data In situ observations

area

Climate PCP CRU

RET GLDAS, TerraClimate Weather station
data (Bekaa and Port
Said)

Water AETI Various remote sensing Water balance for large river Flux towers (South
data products, SWAT basins in Africa, Litani River Africa, Ghana,
modelling output Basin, Nile sub-basins, Fayoum  Senegal, Egypt)

irrigation scheme, field scale soil
water (Jordan, Israel)
T Remote sensing data Sap flow Tunisia
—— products (ETMonitor,
E GLDAS), Budyko approach
I
Land AGBP Remote sensing products  Comparisons with known yields
(MODIS) (Wonji, Fayoum, Kpong, Bekaa
Valley irrigation scheme)
LCC Other databases (GMIA, National statistics Rwanda GIAM Ground truth
GIAM) data points for
Benin, Ethiopia
Phenology FAO crop calendars?, case study
information (Wonji, Fayoum,
Kpong, Bekaa)
wp Gross WP WP MODIS & Servir Case study data (Wonji, Fayoum,
Mekong Bekaa)
Net WP

a http.//www.fao.org/agriculture/seed/cropcalendar/welcome.do

- Spatial data products
- Auxiliary data comparison

- In-situ data comparison

Table 2 presents an overview of the comparisons made between the WaPOR database and other data sources.

For each layer the general spatial trend is analysed, as well as the range of values in the layer. This is implemented

at continental level (WaPOR Level 1, 250 m resolution). The authors used their expert judgement to evaluate if the

values are in reasonable ranges.



Next to the WAPOR data, there are many other spatial data products available that monitor various WaPOR param-

eters. These spatial data products are either derived from remote sensing, similarly to WaPOR, or derived through
other means (e.g. modelling). The products were compared on their general trends and statistical properties and
differences with the WaPOR datawere calculated and analysed. These analyseswere done at continental level using
the WaPOR Level 1 data (250 m resolution).

Several WaPOR layer products can be compared indirectly with auxiliary and independently gathered datasets. One
such example is the water balance calculations, which derives actual ET using observed data for a specific area. The
advantage of this method is that it integrates parameters over a specific area using observed and often validated
datasets. Depending on the scale of the analyses, the WaPOR data with the highest available resolution was used.

Where possible, the WaPOR data layers are compared with in situ observations. As the WaPOR data has very high
resolution (250 m to 30 m on selected pilot areas), it is possible to validate the product using point observations.
This comparison has the highest value as it compares the same parameter using observed data. Depending on the
location of the in situ observation, the WaPOR data with the highest resolution was used for the comparison.

Finally, the analyses focus on the consistency between the different WaPOR layers, in particular those that are
independently developed.

The selection of data for comparison and robustness analyses were dependent on the availability of data products

online and on willingness of our partners to share their data.

As can be seen from Table 2, the report provides awide range of analyses to validate the WaPOR dataset. It combines
comparative analyses at continental level, various analyses at country, basin and field scale to the highest resolution
of comparison at pixel resolution. The report provides a first indication of the quality of the individual data layers.
The following chapters will describe the results of the quality assessment in three different thematic areas, similar
to the portal: climate, water, and land. Each chapter will contain an assessment of the data layers found in the
specific theme (Table 1).



Climate

A. Precipitation

A.1 Introduction

There are various remote sensing products of precipitation (PCP) available in the open domain and in near-real-
time for Africa (Table 3). Some started in the 1980s and are continuing into the present. Increasingly remote sensing
data products have included bias-corrections using ground observations (e.g. Xie et al., 2011). Various studies
evaluated the performance of satellite-derived products. At continental scale, Awange et al. (2016) found that the
various products performed better at different time scales and different geographical locations. There is not one
product which outperforms the other products across temporal and spatial scales, although TRMM and CHIRPS
are often found to be among the more reliable products (e.g. Cheema and Bastiaanssen, 2011; Simons et al., 20016;
Haetal., 2018). Generally, satellite remote sensing products that correct biases using ground observation performed
better compared to those that use remote sensing alone (Awangeetal., 2016; Pomeonetal., 2017).

The CHIRPS dataset, used for the WaPOR database, is an existing data product and has a spatial resolution of 5
km (Funk et al., 2015). This database was modified for data gaps for WaPOR important agricultural areas (FAO,
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Table 3
Example of available real time PCP data products over Africa

Satellite product  Temporal Spatial Spatial Temporal Reference
coverage coverage resolution resolution

ARC Version 2.0 1983 present Africa 0.1 (~10 km) Daily Xie and Arkin, 1995

CHIRPS Version 1981-present Near global  0.05 (~5km) Daily Funk , 2015

2.0

CMORPH 1998-present Africa 0.1 (~10 km) 3-hourly Joyce , 2004; Xie

,2011

PERSIANN-CDR 1983 present Near global ~ 0.25 (~27 km)  Daily Hsu , 1997, Novella
and Thiaw, 2013, 2010

RFE Version2.0 2001 present Africa 0.1 (~10 km) Daily Herman ,1997

TAMSAT 1983 present Africa 0.0375 (~4km) Decal Maidment , 2014,
Tarnavsky ,2014

TRMM 3B42 1998 present Near global ~ 0.25 (~27 km)  3-hourly Maidment , 2014

version 7

2018). The dataset combines remote sensing information with ground observations. In various studies, CHIRPS
data has been compared to observed PCP and other similar satellite PCP products. For example, in Burkina Faso,
daily products generally performed poorly compared to ground observations. Aggregated products at monthly
and annual scale performed much better (>0.8) (Dembele and Zwart, 2016). Data with higher spatial resolution
performed better at station to pixel level (Dembele and Zwart, 2016). For decadal scale, Dembele and Zwart (2016)
found that RFE performed best, closely followed by ARC and CHIRPS. Similarly, Hessels (2015) compared various
remotely sensed PCP products with weather station data from the Blue Nile region and found that the CHIRPS
data product displays the best correlation with station data. For East Africa, Dinku et al (2018) found that CHIRPS
performed better than ARC and slightly better than TAMSAT at decadal and monthly timescales (whereas TAMSAT
performed better at daily time scales).

The average annual PCP for the African continent lies between 537 and 597 mm per year (Table 4). The standard
deviation of the mean annual PCP is 18 mm per year, which shows at a continental scale a relatively constant annual
PCP. However, locally large variations in PCP occur between years with far reaching consequences for rainfed
cropping systems and flood risks. A few areas in the vicinity of steep mountain ranges show very high annual PCP
amounts (>3 000 mm per year) throughout the entire period. This isaround the coast of West Africaand Cameroon
and the east coast of Madagascar (which are more visible when adjusting the legend) (Figure 1; right). The general
spatial variation in PCP at the continental scale is consistent with known PCP trends, low values are found across
the Sahel and the Middle East region. Also high amounts of PCP occur around the West Coast of Africa, around
the equator and the inlands of the Democratic Republic of Congo and highlands in East Africa (Uganda, Rwanda,
Ethiopia) and the east coast of Madagascar (Figure 1).
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Table 4
Average annual WaPOR PCP statistics (mm/yr) for the African continent

2009 2010 2011 2012 2013 2014 2015 2016 Average
Min 0 0 0 0 0 0 0 0 0 0
Max 4789 5257 4787 4576 4330 5004 4735 4759 5876 4901

572 597 587 590 566 565 537 562 584 573
603 632 624 621 611 599 580 597 626 604

Figure 1
Average annual WaPOR PCP (2009-2017) using two different legends
(based on quartiles, left and based on equal intervals, right).

WaPOR PCP (mm/yr) WaPOR PCP (mm/yr) 1

o f Il o /

s i [ 750 4
315 \ 1500 J
| 1000 5 . | 2250 f

B 3500 B 3000 (“

Comparison with other spatial data products

A comparison was made between the average annual PCP of Harvest Choice (HC) (Harvest Choice, 2011) and the
average annual precipitation of the WaPOR database (Figure 2). The HC dataset is based on the reanalysis dataset
from the University of East Anglia Climatic Research Unit (CRU) that essentially is interpolating and extrapolating
between measured rainfall at gauges (New et al., 2000). This dataset shows similar high PCP areas in West Africa
and Madagascar (Figure 2 left). Considering the difference in the period of observation (1901-2005 vs 2009-2017),
the general trend of PCP is similar between the two datasets, except for a few areas (Figure 2 right). These areas
were found in Madagascar and Eastern part of the Democratic Republic of Congo. We have more trust in the
CHIRPS data because many locations in Africa are not equipped with a rain gauge, and this affects the quality of the
CRU-based PCP dataset.



Figure 2
Average annual PCP Harvest Choice (HC) and difference between the HC (1901-2005) and
WaPOR data (2009-2017)
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The PCP dataset posted on the WaPOR data portal is based on the CHIRPS dataset. This dataset from USGS has
been validated and tested for many years by different independent science teams. The CHIRPS dataset is among
the top PCP products available online and performs specifically well on decadal timescales as shown by Dembele
and Zwart (2016).

B. Reference Evapotranspiration

After the introduction by FAO of the global standard Reference evapotranspiration (RET) (Allenetal., 1998), RET
became awell-recognized concept to express the climatologic variability of crop ET. The attractive character of RET
is that itis only affected by climatic factors, excluding other factors like for example crop and soil typology (Allenet
al,, 1998). Over the past decades various approaches have been developed to calculate RET, often based on simpler
input data (e.g. Hargreaves and Samani, 1985; de Bruinetal., 2016). However, the Penman-Monteith equation (Allen
etal., 1998) is the most applied approach, after it was selected to be the best performing equation in a variety of
climates by an FAO expert consultation in 1990. The drawback is that more detailed climatological information is
required (radiation, humidity, temperature and wind speed), which is not always everywhere available in weather
stations over the African continent.

Solar radiation is nowadays available with an unprecedented accuracy from Second Generation Meteosat (MSG)
measurements over Africa and Near East. What remains is local prevailing humidity, temperature and wind speed,
that are more commonly taken from numerical climatic and weather forecasting models to fill the voids of in situ
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weather stations. The RET provided by WaPOR is based on the standardized FAO Penman-Monteith equation
(Allenetal., 1998) and input retrieved from MERRA, which utilizes MSG (solar radiation). The data is available at a
spatial resolution of 20 km.

The average annual WaPOR RET ranges between 2 047 and 2 071 mm per year (see Table 5). The map shows large
variations of average RET (Figure 3). The highest RET values (3500 mm/yr) can be found across the Saharan desert
and Middle East countries. These high values are controversial because due to the desert conditions, values for
air humidity are low and the values for air temperature are high which at actual evaporation rates of 3 500 mm/yr
would immediately result in a higher air humidity and lower air temperature and as such suppressing RET. This
also the basis of Bouchet s complementary relationship in evaporation processes (Bouchet, 1963). This implies that
the extremely high RET values will never be reached. The very high RET values in desert conditions are therefore a
consequence of the chosen standard methodology (Allenetal., 1998) and not an error of WaPOR. Lower RET values
(825 mm/yr) are found in coastal areas, highlands of Ethiopia and the tropical forest in the Democratic Republic of
Congo. Lower RET values occur due to low solar radiation (many clouds) and high humidity due to frequent rainfall
events. Therefore, PCP and RET are inversely related (compare Figures 1 and 3).

Table 5
Mean annual WaPOR RET and standard deviations (for all regions)

Year 2009 2010 2011 2012 2013 2014 2015 2016 2017 Mean

2068 2071 2051 2050 2058 2 060 2047 2062 2 057 2059
518 514 518 497 512 535 521 510 519 511

Figure 3
3 WaPOR Average Annual RET for the years 2009-2017 and difference between average
annual RET and RET 2009.WaPOR data (2009-2017)
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The annual WaPOR RET is very consistent and the inter-annual variability is very low because average climatic

conditions hardly change. However, when comparing WaPOR RET in 2009 to the long-term average (Figure 3right),
large parts of southern Africa and West Africa show value well below average RET, while East Africa RET values are
above average. This is consistent with 2009/10 being determined an EI Nino year, which is often associated with
drought conditions in Southern and West Africa and wet conditions in East Africa (Conway, 2009; Richard et al.,
2000; FAO, 2019). Even though the two periods do not overlap completely, the difference of WaPOR RET in 2009
compared to the overall average shows similar impacts as reported for EI Nino events.

Comparison with other spatial data products

WaPOR RET was compared with the TerraClimate (TC) database (Abatzoglou et al.,, 2018). TC RET is calculated
by using FAO Penman Monteith using reanalysis data from the Climate Research Unit (CRU) time series data
version 4.0 (Harris and Jones, 2017). TC RET values were validated using 50 FLUXNET stations, but these were
mainly found in USA and Europe. The two datasets provide significantly different patterns and values (Figure 4).
Especially the transition zone between the Sahel and humid tropics is underestimated by TC RET as compared to
WaPOR RET. For some reason, there is a substantial disagreement for Algeria and Sudan. TC uses air temperature
for the analyses, which could be the root cause for these type of differences, and this dispute could be solved by using

satellite thermal measurements in future studies.

To complete the comparison, RET data directly downloadable on the GLDAS website has been consulted as well
(Figure 5). The GLDAS RET values are substantially higher compared to WaPOR. This could be related to the
GLDAS formulation of RET or the solar radiation that they use from atmospheric circulation models (instead of
MSG). Considering the fact that these values are very high, more trust to WaPOR RET is given.

Figure 4
TerraClimate RET Comparison WaPOR RET and TerraClimate RET (average for 2009-2017)
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Figure 5
GLDAS RET and comparison with WaPOR RET for the year 2010

%
i

1 -
' GLDAS - WaPOR RET (mm/yr) &' o 2
' B -200 " ¥ !
-1500 W
: -100 :

" i
1 -500 :
. o ]
TS

GLDAS RET (mm/yr)
B 750
[ 1375
2000
2625
Il 3250

Point data comparison

Full-fledged weather stations generally measure all parameters required to calculate RET using the Penman-
Monteith equation. Therefore, station RET was compared to WaPOR RET for a number of locations. Since the
WaPOR RET data has a spatial resolution of 20 km following MERRA no perfect correlation with station data can be
expected. The first comparison uses data from a weather station at Port Said, Egypt. Results are displayed in Figure
6. The linear regression indicates that the station dataand WaPOR data have agood correlation withan R20f 0.94. In
comparison with the 1:1 line the WaPOR RET data is consistently lower by 17 percent compared to the station data.

A second location is the Tal Amara weather station in the Bekaa Valley in Lebanon. For this station, surrounded
by agricultural fields, a longer time series of data was available, but for some periods data was not recorded (e.g.
radiation in early 2016) resulting in gaps (Figure 7). The WaPOR RET data follow the seasonality of the station data.
The r?between the two datasets (2014-2016) is lower than for the Port Said station at 0.89, but is still relatively good.
Tests with more weather stations should be done to improve the accuracy of the quality assessment.

B.3 Conclusions

On the continental level, variations in RET are low (varying less than 25 mm per year, 0.6%), due to similarity in
climatology between consecutive years. The WaPOR RET data is able to identify the impacts of the 2009 EI Nino
event, with hig