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1 Working on better water productivity  

This Compendium of Approaches to Improve Water Productivity describes how the analysis of water 

productivity with the extensive database of the FAO portal to monitor WAter Productivity through Open 

access Remotely sensed derived data (WaPOR), can be used to identify practical measures to increase the 

crop production relative to the water which is consumed in specific land and water systems. This portal 

(https://wapor.apps.fao.org/home/WAPOR_2/1) is openly accessible and provides near real-time pixel 

information on biophysical water productivity, actual evapotranspiration, biomass production and 

reference evaporation on a 10-day basis as well as other datasets. This makes it possible to analyse trends 

and patterns in water productivity (WP) and identify where water productivity can be improved.  Apart 

from detecting trends and patterns, the WaPOR database can be used for other applications as well.  

There are several types of water productivity and within these types, the scale at which you look may lead 

to various different interpretations and terminology (see chapter 2.1). In this Compendium we are mainly 

focussing on biophysical water productivity æ the amount of agricultural production per volume of water 

consumed - kn ej lklqh]n panio pda Ð_nkl lan `nklÑ¿ (ks pdeo Ð`nklÑ eo `abeja` eo ]hok bqnpdan `eo_qooa` ej 

chapter 2.1. As many solutions presented in this compendium do not (only) target water productivity 

improvements but also improvement of land productivity (LP) and water use efficiency (WUE) these 

concepts are also explained.  

Globally, agriculture is the largest user of water, accounting for at least 70% of all water withdrawals (Gruère 

et al, 2020)1. Improving water productivity is important in agricultural water management, because the 

potential gains are tremendous. Livelihoods of people and national food securities depend on how 

effective crop production is, with water often being a limiting factor. Hence improving water productivity 

will not only contribute to water security, but also to food security and better farm returns.  The need for 

better demand management is also explicitly reflected in the new Sustainable Development Goals. SDG 

6.4 reads: By 2030, substantially increase water-use efficiency across all sectors and ensure sustainable 

withdrawals and supply of freshwater to address water scarcity and substantially reduce the number of 

people suffering from water scarcity.  

The imperative is large, without improved water use efficiency the demand for water in agriculture will in 

2050 be up by 70-90% over 2005 figures. This is triggered by a number of factors, namely: 

¶ The demand for food is expected to rise by 60% by 2050 (FAO, 2011a). This is caused by 

rising population (40%) and by higher per capita calorie intake (11%). Additionally, there is an 

increase in consumption of lower calorie items (especially fruits and vegetables) (FAO, 

2011b). 

¶ This demand for food is matched by demand for non-food products. The demand for 

timber is to increase by 45% from 2005 to 2030; in the same period demand for roundwood 

will go up by 47% (FAO, 2009). Demand for cotton is to increase with 81% between 2010 and 

2050. 

However, in spite of this urge and in spite of all the attention to efficient water use in the last two decades, 

the overall trends in actual performance of the water systems in many countries has been negative rather 

than positive. From the tracking of a statistically significant set of robust pixels over the last ten years in 

each country, it is apparent that more rather than less water is used for instance in the existing irrigation 

systems and water productivity in many countries has gone down rather than up (Islamic Development 

Bank (forthcoming)). Similarly, in rainfed systems in a large number of countries water productivity has 

 
1 This statement refers to applied water rather than consumed water (ETa).  

https://wapor.apps.fao.org/home/WAPOR_2/1
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consistently gone down. This is quite revealing. In general, there is a huge need to focus much more on 

improving water management than on developing new water systems. It is time to make better use of the 

limited resource we have rather than inefficiently exploiting more of it.  

Against these negative trends, some experts believe that improving water productivity in agriculture by 25 

percent, in general, is feasible. Doing so will help keep up with increased demands and will free up water 

resources for other uses. This will reduce competition and conflicts and provide water for cities and 

industries to grow. It is important that rules are in place as to where to allocate the water to that is saved.  

The improvements in water productivity apply to both irrigated and rainfed areas. In many irrigation 

systems, there is a tremendous scope for improvement by: optimizing water allocation rules, using 

appropriate water control structures, controlling leakages, promoting conjunctive management of surface 

and groundwater and introducing a wide array of precision techniques that enable better water 

management at field level. However, when looking at water productivity we want to improve the ratio of 

yield over water consumption. Thus, while increasing water efficiency is a good start, a focus should be on 

decreasing the non-beneficial consumption for the same yields, or for even higher yields preferably (for 

terminology see section 2.1).  This leads to similarly, important improvements on the agricultural production 

side: improved crop agronomy, better selection of crops and varieties, adjusting crop calendars, better use 

of agri-inputs. The important argument in favour of such water productivity programs is that they often 

yield immediate results. They do not have the long gestation period, financial onus and social disruption 

that comes with the development of new irrigation systems for instance. It may be much more attractive 

to invest in better water management and higher water productivity than in additional water resource 

capture (see box 1). However, a thorough understanding should be obtained of the reasons why such 

investments may not have been made yet and combined with local knowledge on what types of 

investments are beneficial for both the WP and the farmers.   

There is also considerable scope to improve water use efficiency in rainfed and flood-dependent 

agricultural water systems. There is a broad repertoire of measures that can help retain and store these 

more erratic rain dependent water resources, to use them more efficiently and to optimize cropping 

systems (Annex 4). It should be noted that this may not directly improve the Water Productivity. However, 

from a holistic perspective, less water is lost through evaporation, and the captured water can then be 

used in case of unexpected low rainfall amounts and thus preventing crop failure. This may then lead to a 

higher WP than if crops would have failed. A more detailed discussion on the different terminology and 

WP definitions can be found in section 2.1. The potential gains in increasing productivity in rainfed and 

flood-based farming are high. Several predictions are that the larger part of the increase in global food 

production will have to come from such rainfed and flood-based systems (Comprehensive Assessment of 

Water Management in Agriculture, 2007). Moreover, in Sub Saharan Africa for instance most farmers (84%) 

depend directly on rainfall or on flood events (ibid). Improved water productivity measures may lift them 

out of poverty and make them less vulnerable to normal or abnormal drought periods or shifting rainfall 

patterns.  In fact, climate change and the effects it brings on agriculture and water use, is another 

compelling reason to revisit land and water management and cropping systems. Adjusting to climate 

change can go hand in hand with measures to improve water productivity.  

  

Box 1: Increasing water productivity in Koga (Ethiopia) 

 

It has been said many times that there is very little irrigation development in Africa, that there is little 

water storage per head of population, and that this adds up to high vulnerability to droughts. Several 

medium- and large-scale irrigation systems have been developed over the last 15 years. However, what 

they have in common is that water productivity has been disappointing. 
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The Koga Irrigation Scheme in Amhara in Ethiopia is one such example. It draws water from the Koga 

River, one of 50 tributary streams joining the Ethiopian Upper Blue Nile. The scheme was meant to 

irrigate 7,000 ha, but in reality, its service area is closer to 5000 ha. Also, it was meant to be used for 

water intensive crop cultivation but instead the main crop is wheat.  

 

In a two-year field program under the project 

Ò-kjepknejc s]pan lnk`q_perepu ^u 2aikpa 3ajoejc 

as a tool to assess possibilities to reduce water 

lnk`q_perepu c]loÓ, implemented by the 

International Water Management Institute (IWMI), a 

large number of water users, water user group 

leaders and irrigation managers were introduced to 

technical innovations to enhance on-farm irrigation 

management decisions. This was done by providing 

soil moisture measuring devices to allow them to 

assess whether the land should be irrigated or has 

been irrigated too much. In particular the Wetting 

Front Detector (WFD) and Chameleon Soil Water 

Sensor were used. These two sensors were rolled 

out to six out of twelve blocks in the scheme, 

targeting 54 water user groups.  

 

In the groups, farmers were taught how to use the devices, with 

some farmers actually operating the instruments on their farm. 

Special data collectors were deployed to help share the 

information between farmers. The results were spectacular. 

Within one or two seasons, farmers realized they applied too 

much water and this suppressed their wheat yield and reduced 

their field irrigation supplies. According to key farmers, they 

typically lengthened the irrigation cycle from the local storage 

reservoirs from 8 to 11 days, or 9 to 12-13 days æ effectively a 

water use reduction of 35%¼ ]o aranukjaÑo irrigation turns 

became less frequent. Part of this high-water wastage earlier, 

related to the need to make ploughing easy. With reduced water 

applications the wheat crop yield went up: according to farmersÑ 

estimations with 10 to 20%. The gain in terms of water 

lnk`q_perepu kn Ð_nkl lan `nkl of water supplyÑ was an impressive 

35-40%. Field research by Bahir Dar University confirmed this 

range of improvement.  The farmers noted that improved water 

management resulted in a faster rotation among water users in 

the same group and resulted in a decline in water related 

conflicts. The saved water was used to extend the area under 

cultivation within the blocks, but also to reduce water deliveries 

from main scheme operations to the particular night storages. 

There was also a reduction in soil nutrient loss, as there was less leaching. 

 

Figure 1-1 The Koga Irrigation Scheme in Amhara in 

Ethiopia 

Figure 1-2 Farmers showing the 

Chameleon Sensor (handheld) and the 

Wetting Front Detector 
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2 How to use the compendium? 

This compendium aims to systematically use the analysis of land and water systems with the WaPOR 

database to identify areas of improvement in water and land productivity and water use efficiency. It is 

meant to be a live document, hopefully going through a series of updates and improvements, as more 

experience develops in using WaPOR analyses and as more WP, LP and WUE improvement possibilities 

are documented. 

2.1 Water productivities  and definitions : focus on biophysical water productivity  

There are various types of water productivities that provide important insights and can drive policies and 

influence water management on the ground (Figure 2-1). Economic water productivity for instance, 

measures the economic or financial value created with the volume of water consumed, or the number of 

fk^o _na]pa` lan rkhqia kb s]pan ÅÐfk^ lan `nklÑÆ¿ 4da h]ppan eo kb iq_d _kj_anj ej the situation of high 

unemployment, when there is an urge to create gainful jobs. Another type of WP is social water productivity 

that analyses who benefits from the additional value created with water use. These are very important 

considerations in addition to the crop per drop argument. Take for instance the case where non-renewable 

groundwater is used for high value semi-mechanized export production of potatoes. This may be very 

impressive in terms of the yield per hectare or the financial revenues created, but the benefits may accrue 

to a few large producers only, with very few jobs created, no contribution to national food security and 

hidden subsidies in production (for instance in pumping).  

 

 

Figure 2-1 Visualization of the different Water Productivity definitions. From left to right: Biophysical WP, Nutritional 

WP, Economic WP, and Social WP 

The main WP perspective used in this compendium is biophysical WP based on water consumption or 

evapotranspiration and is referred to as WP(AETI). WaPOR is most suitable for computing the WP(AETI) at 

system level (e.g. irrigation system level (L1 æ 250m and L2 æ 100m resolution), or for large fields (Level 3 - 

30m resolution). To clarify what this perspective on WP implies: this compendium considers both beneficial 

consumption of water and non-beneficial consumption. Beneficial consumption is considered water that is 

transpired by the plant, and non-beneficial water is considered water that is evaporated from soils in which 

plants are grown (see Figure 2-2).  

Besides different definitions in identifying the denominator of WP, there are also two ways of identifying 

the numerator. If information on crop type is available and the analysis is conducted for an area of the 

same crop, the numerator is usually the yield in for example ton per hectare. In this case the term Crop 

Water Productivity (CWP) is used. When this crop information is not available the Total Biomass Production 

(TBP) is used as numeration, in which case the WP is called Gross Biomass Water Productivity (GBWP). 

As disaggregating CWP into crop yield and AETI and comparing trends over time provides valuable insights 

into CWP performance, it is also valuable to look at land productivity (crop per area of land) separately. 

Within a given area there may be distinct differences in yields of the same crop, or when comparing outside 

similar agro-ecological boundaries or even internationally, yields may be considered very low. As such, 

comparing LP provides one of the (oldest and most used) performance indicators in agriculture. 
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Given the frequent confuse between water productivity and water use efficiency it is also necessary to 

provide a crisp distinction in this compendium. Water Use Efficiency as considered here is the ratio between 

water that is applied and the water that is being used. Neither yield nor biomass is being considered in this 

ratio, whereas in this compendium ET (ie. beneficially and non-beneficially consumed water) and water 

applied is (see also Figure 2-2). Some may consider water applied to be the water diverted from a source, 

others may consider it to be the amount that is applied in a plot or field. Important to consider is that 

WaPOR datasets do not provide data on water applied (irrigation and floods). However, if this application 

(or abstraction) data is available the AETI dataset can provide useful insights into efficiencies (at 

plot/irrigation unit/ scheme level). 

 

Figure 2-2: (Crop) Water Productivity (WP) and Water Use Efficiency (WUE) visualisation 

 

When looking at WP, we always need to keep in mind that we are looking at a ratio. Therefore, the goal 

should not be to only increase WP but also pay attention to how the numerator and denominator develop. 

)j i]ju _]oao pda aild]oeo sehh ^a kj Ðikna _nkl lan `nklÑ¼ ]o pdeo sehh lead to more food production, and 

likely have economic and livelihood benefits too. However, in certain cases the emphasis may need to be 

kj Ðhaoo `nkl lan _nklÑ¼ bkn at]ilha ej ]na]o sdana pda s]pan naokqn_a eo `a_na]oejc kran peia¿ 

2.2 The WaPOR database 

The source for the analysis of water productivity is the FAO portal to monitor WAter Productivity through 

Open access Remotely sensed derived data (WaPOR) (https://wapor.apps.fao.org/home/WAPOR_2). This 

is the first open access comprehensive dataset that combines water consumption (actual 

evapotranspiration, transpiration and interception), production (net primary production), land use (land 

cover classification), phenology, climate (precipitation and reference evapotranspiration) and water 

productivity layers (Table 2-2) covering sub-Saharan Africa and the Middle East and North African regions 

in near real-time for the period between 2009 to present day. The data is available at dekadal (10-day) 

timesteps, or for some datasets at a seasonal or annual timestep.  

WaPOR data are publicly accessible and available at continental scale (Level 1 at 250 m), country and river 

basin level (Level 2 at 100 m) and project level (Level 3 at 30 m). The latest WaPOR portal (WaPOR v2.1), 

was improved from WaPOR v1.0 following the quality assessment by IHE Delft and ITC (FAO and IHE Delft, 

2019). The methodology used for compiling the WaPOR database is provided by FAO (FAO, 2020). The 

data is available at three different levels, based on the spatial resolution of the data (Table 2-1).  

https://wapor.apps.fao.org/home/WAPOR_2
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On the WaPOR portal, maps of the datasets can be observed and the specific raster files can be 

downloaded. It is also possible to perform timeseries analysis for a point or area of interest. More 

information can be found on the website.  

When working with the WaPOR data, it is highly recommended to consult the WaPOR catalogue for more 

detailed information on the specific datasets, as well as to compare the data with observations and 

knowledge from the ground. The datasets are constantly updated. There are also plans to expand WaPOR 

globally in the future.   

Table 2-1 An overview of the different WaPOR data levels 

Level 1 æ Continental scale, 

with a ground resolution of 

250m. 

In this level, the data is (currently) available for the whole continent of Africa and 

for the Near East. The precipitation data (CHRIPS) and the Reference 

Evapotranspiration are only available in Level 1, as their spatial resolutions are 

much larger than that of the other datasets. Precipitation has a spatial resolution 

of 5km and the reference evapotranspiration has a spatial resolution of 20km. For 

this level NDVI and LST quality layers are available too. 

Level 2 - Country scale, with a 

ground resolution of 100m 

In this level, the data is available for a select set of countries and river basins. In 

this layer, also a phenology layer is included. This phenology data is used to 

determine seasonal values for certain datasets, such as the total biomass 

production and the gross biomass water productivity. For this level NDVI and LST 

quality layers are available too. 

Level 3 æ sub-national scale, 

with a 30 m ground 

resolution 

Currently, for eight areas (irrigation schemes and sub-basins) the data is made 

available at the detailed resolution of 30m. In this level, the phenology layer is 

available, as well as a more detailed land cover classification map. This is the only 

level where crop specific maps are available. For this level NDVI and LCC quality 

layers are available too.  

 

Table 2-2: Overview of WaPOR data used in this compendium 

Data component Abbreviation

  

Units  Description 

Gross Biomass Water 

Productivity 

GBWP kg/m3  The gross biomass water productivity of a 

season (m3/ha) is the total biomass production 

(kg/ha) in relation to the total volume of 

consumed water AETI (mm) for that period 

(GBWP = TBP/AETI) (FAO, 2016). The indicator 

GBWP provides insights on how the biomass 

production, and thus vegetation development, 

relates to the total water consumed for a given 

area and time. Note that the GBWP in the 

WaPOR portal are provided annually (Level 1) 

and seasonally (level 2 and 3) using the 

phenology layer. If the seasonality is known for 

the study area, it is recommended to create an 

independent GBWP map for these alternative 

seasons. 

Actual 

evapotranspiration and 

interception 

AETI mm/season (also 

available in 10-day, 

monthly and 

annual timesteps) 

AETI is the sum of water transpired by a crop and 

evaporated from a cropping area surrounding it 

during the cropping season. The actual 

evapotranspiration is the total consumed water 

over the season.  This is the sum of the soil 

evaporation (E), the canopy transpiration (T), and 

the evaporation of rainfall intercepted by the 

leaves (I). The AETI is expressed in depth (mm). 

The volume of water evaporated per pixel can be 

determined by first multiplying the value by a 

factor 10 to go from mm to m3/ha, and then by 

the area of the pixel (e.g. for Level 2 (100m 
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resolution) the pixel area is one hectare). There 

is no ready-made seasonal AETI layer available 

on the portal but this can be computed using the 

monthly or decadal data. 

Transpiration T mm/season (also 

available in 10-day 

and annual 

timesteps) 

T is the sum of water transpired by a crop during 

the cropping season. There is no ready-made 

seasonal T layer available on the portal but this 

can be computed using the monthly or decadal 

data. 

Reference 

evapotranspiration 

ETref mm/season (also 

available in daily, 

10-day, monthly 

and annual 

timesteps) 

Reference evaporation is the estimation of the 

evapotranspiration from a hypothetical 

nabanaj_a _nkl¼ nabha_pejc pda Ð`nuejc lksanÑ kb 

the climate. Because of this reference crop, the 

reference ET does not relate to soil or crop 

conditions, but only the climatic conditions. 

There is no ready-made seasonal ETref layer 

available on the portal but this can be computed 

using the monthly, decadal or daily data. Note 

that the resolution of this layer is 20km. 

Net Primary Production NPP gC/m2 (10-day 

timestep) 

The NPP expresses the conversion of carbon 

dioxide into biomass driven by photosynthesis. 

The NPP is only provided as decadal data. 

Total Biomass 

Production 

TBP kg/ha (annual or 

seasonal) 

TBP is the sum of the seasonal total biomass 

production (which is determined from the NPP). 

Similar as for the GBWP layer, the season is 

based on the phenology layer. Thus when using 

the TBP, it is important to check this phenology 

layer to see if the seasonality of WaPOR 

corresponds with the actual seasonality æ if that 

ground information is available. 

Land Cover 

Classification 

LCC Class  The annual LCC raster layers are created based 

on the Copernicus global land service map 

(100m) of the year 2015. Additionally, using 

decadal reflectance timeseries, the FAO Crop 

Calendar phenology information and applying a 

water deficit index, the irrigated and rainfed 

areas were derived for the years 2009-2019. 

Phenology PHE Dekad This phonology data component indicates the 

start, maximum and end of the growing season. 

The layer includes maximum two growing 

season and is comprised of one raster layer per 

date (SOS, max, EOS) so 6 raster files per year. 

The dates are expressed in decadal numbers. 

Precipitation P mm/day (also 

available in 10-day, 

monthly and 

annual timestep) 

Though this layer is based on CHIRPS data rather 

than WaPOR data, it is available on the WaPOR 

portal and valuable for rainfed and spate-

irrigated agriculture analyses. This layer is only 

available at Level 1 and has a resolution of 5km. 

Datasets are available on: https://wapor.apps.fao.org/home/WAPOR_2/1 

 

2.3 Limitations of the WaPOR database 

WAPOR is unique in making data available on biomass water productivity, and at 10-day (decadal) interval 

on net primary production and actual evaporation, for a large number of countries over a long period of 

time (from 2009 to now). The scans and diagnoses discussed in this Compendium (Chapter 3) use these 
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datasets. At the same time the information contained in WAPOR has its limitations. It is important to 

understand these, because they define what applications are meaningful.  

Table 2-3: Limitations of the WaPOR data 

Limitation Explanation 

No crop specific data WAPOR measures biomass in general and does not distinguish different crops, 

with the exception of a limited number of level 3 areas. This makes it hard to 

compare areas unless they have the same crop and are normalized for climate. 

Trends can be observed but may be distorted if cropping patterns change. 

Therefore, for area comparison, it is recommended to collect additional data from 

the field on crop type, location and seasonality before conducting crop-specific 

analyses using the WaPOR database. Trends are also harder to analyse if there are 

multiple or mixed cropping systems.  

Spatial resolution The WAPOR data comes at three levels æ level 1 (250 meters resolution), level 2 

(100 meters resolution) and level 3 (30 meters resolution). Level 2 and 3 data are 

available respectively only for selected countries and selected areas within a 

number of countries. The lower resolution in level 1 and 2 increases the chance of 

several land use or crop types being contained in a single pixel, making it more 

difficult to interpret its value. The possible distortion is more severe when relatively 

small areas are interpreted. Another potential issue regarding the spatial 

resolution is the downscaling of the LST (1km resolution) to the resolutions of level 

1 and 2 (for level 3 Landsat LST data is used which has the same resolution as the 

level 3 output layers). This means that for agricultural areas the AETI and NPP data 

can be distorted with averaged water stress factors taken from 1 km2 areas: in 

desert areas with large contrasts in bare soils and irrigated crops this leads to a 

gross underestimation of ET and NPP, whereas in large irrigated areas this leads 

to a smoothing out of spatial water stress differences, which may result in over- 

and under valuation of ET and NPP. 

Accuracy With WAPOR increasingly used, there is more and more feedback on the accuracy 

of data. Though with more validation data, in updated versions of WaPOR the 

quality is improving, the use of absolute values is still to be done with caution, and 

cross-referencing is strongly advised. This particularly applies to values on water 

productivity. These values are more sensitive as they are a composite of the two 

other data sets, which increases the likelihood of errors and potentially magnifies 

them. In general, to process the information of the WaPOR database in quality 

products it is recommended to use the data protocols developed under the 

Water-PIP project in particular the standardized protocol for land and water 

productivity analyses using WaPOR available at: 

https://github.com/wateraccounting/WAPORWP) 

Land use classifications In WAPOR, pixels are categorized according to several land use types based on 

Copernicus Global Land Service: Land Cover map of 100m resolution (Buchhorn et 

al., 2019). For agricultural land use, a distinction is made between irrigated and 

rainfed land using the water deficit index (FAO, 2020). Inevitably there are 

instances of misclassifications, and of non-agricultural land uses being classified 

as either irrigated or rainfed land. Additionally, a major constraint is that the 

Copernicus map used is from 2015 and only changes the separation between 

irrigated and rainfed agriculture each year, so on top of potential misclassification, 

the map does not include an annually varying land cover map. 

Light use efficiency of crops  The WaPOR NPP layer is based on C3 crop. When studying C4 crops, such as 

maize, sorghum and sugarcane parameters are needed for an additional 

conversion of the data. C4 types use a different photosynthesis process, in 

particular a different C4 carbon fixation pathway to increase photosynthetic 

efficiency by reducing or suppressing photorespiration. To calculate the biomass 

or NPP for a C4 crop an adjustment is required, namely multiplying the biomass 

or NPP value by a crop factor (fc), which is the ratio of light use efficiency of C4 

crops over light use efficiency of C3 crops.  

https://github.com/wateraccounting/WAPORWP
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Time series For the level 2 data, the database is made up of data from two different satellites. 

Prior to 2014, the data is based on (resampled) MODIS (250m) data, from 2014 

onward level 2 uses 100m Proba-V data. For analysing trends using the level 2 

data, this should be taken into consideration as the data is inconsistent over a 

longer period.  

 

2.4 Using trends, patterns and absolute values  

In general, because of the limitations outlined above, caution is required in using absolute values from 

WAPOR although continuous improvements are made to the database to make the values closer to Ðna]hÑ 

absolute values. However, in the meantime trends and patterns provide a lot of information already, 

including comparisons between different regions/areas.  

Nevertheless, even when the absolute values improve, the local context should still be taken into account 

when comparing different areas with each other. Especially when decisions are made based on which area 

lanbknio Ð^appanÑ¼ ] pdknkqcd ]j]huoeo eo namqena` kj why these areas have higher WP and yield values. Are 

the values related to good practices which can be applied elsewhere, or is it simply because the 

environmental conditions are more favourable. For example, in the Rentang irrigation scheme in Java, 

Indonesia, part of the scheme borders salt farms. The WP(AETI) in these areas is much lower than other 

areas within the scheme (Hoogmoet et al. 2017). Rather than concluding that the farmers in this part of the 

o_daia ]na Ð^]`Ñ b]niano¼ pda lkpajpe]h _]qoao kb pda hksan h]j` ]j` s]pan lnk`q_perepu Åa¿c¿ highly saline 

infiltration of water from bordering areas) should be taken into account. Then, suitable interventions 

regarding the salinity can be applied, rather than blaming the low WP on the farming practices.  

It is therefore recommended to look at the trends and spatial patterns in analysing Water Productivity. 

Examples of trends and spatial patterns which can be analysed are the following: 

¶ Trends over the years 

¶ intra- and inter-seasonal/annual variability  

¶ Spatial patterns in water productivity 

¶ Spatial anomalies (extremely high or low scores). 

The methodology proposed in this Compendium is to first make a scan of an area, followed by additional 

diagnoses so as to identify intervention areas. In the scan and diagnosis, the use of trends and spatial 

patterns is recommended through spatial and temporal analysis, whereas caution is required in using 

absolute values.  

2.5 Getting the p rocess right  with stakeholders 

Of paramount importance is to engage the stakeholders throughout the process. These stakeholders may 

be water managers, operational staff of irrigation systems, implementers of watershed campaigns and 

rainwater harvesting programmes, but also farmer organizations, cooperatives and main service providers. 

The process can also be used to design new Water Productivity programs with decision makers, investors 

and water users.  

As Figure 2-3 highlights, the engagement of stakeholders is throughout the process æ in defining the initial 

scope of questions, in helping to understand the overall context, in validating the analysis æ both the scan 

and the following diagnosis æ and in discussing possible solutions and improvements. This increases the 

chance of the analysis leading to actual action. 

What is preferred is to have the analysis done by and with the experts from the water or agricultural 

organizations concerned, training and coaching them to undertake the analyses themselves, and 

supplement it with field insights and field feedback.  
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Figure 2-3 The Water Productivity Improvement Analysis Process 
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3 Identifying Water Productivity Improvements  

In this chapter an approach is discussed for conducting water productivity analyses. This approach consists 

of three phases: The scan (section 3.2), the diagnose (section 3.3), and the identification of potential 

interventions (section 3.3.4 and chapter 4). These phases match with the following guiding questions: What 

is happening? (scan); Why is this happening? (diagnose); What can we do about that? (interventions). The 

method can be used to conduct analyses of various types of agricultural systems, namely irrigated 

agriculture, rainfed agriculture, and spate-irrigated agriculture. The majority of this method is the same for 

these three agricultural systems. However, especially in the interpretation of the analyses and in the 

identification of potential intervention areas, differences may arise. Therefore, the things to keep in mind 

when analysing each of these systems, including an example analysis, is provided in sections 3.4 (irrigated), 

3.5 (rainfed) and 3.6 (spate-irrigated). 

3.1 Introducing the analysis approach 

Figure 3-1 provides an overview of the WP analysis approach. The three phases (scan, diagnose, 

interventions) of the analysis are structured according to three analysis types: 1) Spatial Analyses, 2) 

Temporal Analyses, and 3) Scatter plot Analyses. In the sections below this approach will be discussed in 

more detail. The analyses visuals can be created using open access sources such as the WaPOR portal 

combined with qGIS and the Jupyter scripts from IHE-Delft available on GitHub2.  It should be noted that 

this method is used to conduct WP analyses using WaPOR data, but that other data sources may be 

valuable to include. Examples of such sources are soil maps (SoilGrids)¼ $ecep]h %har]pekj -k`aho Å$%-ÑoÆ¼ 

or discharge measurements. Additionally, it is recommended to continuously engage stakeholders in the 

phases of the analyses, to collectively assure for correct data interpretation, data verification, and the 

identification of potential errors. Though WaPOR can provide valuable insights, and this compendium can 

assist with providing linkages between the analysis and potential interventions, it remains essential to 

combine these analyses with local knowledge in order to identify the most suitable WP improvement 

interventions (section 2.5).  

3.2 Scan 

As the first step in the analysis, an assessment of the situation is needed. This is done by first making a scan 

of the current situation with respect to the Gross Biomass or Crop Water Productivity. It is required to 

collect basic data on the area of interest. This may entail a shapefile of the irrigation scheme or in case of 

rainfed or spate irrigation, a shapefile of the study area of this agricultural system. Additionally, it is valuable 

to collect information on the growing season, the management practices and the crop types. In the scan, 

the area concerned is analysed, with a focus on the spatial differences (section 3.2.1), the temporal changes 

or trends (section 3.2.2), and the pixel value distribution (section 3.2.3).  

From the scan, some first observations may be identified. For example: 

Å Is WP increasing, declining or strongly fluctuating from year to year? 

Å Is WP relatively low compared to other systems with similar environmental conditions and crops? 

Å Are there large spatial differences?  

Å Are there unusual observations in the time lines (e.g. outliers) or in the maps (e.g. sharply 

defined areas with very different values than the rest of the scheme)? 

 
2 These Jupyter Notebooks are python language scripts and are made specifically for WaPOR analyses. They are 

structured according to several modules which can be used for the scan as well as the diagnostic analysis phase. The 

scripts and the corresponding documentation can be accessed at: https://github.com/wateraccounting/WAPORWP  

https://soilgrids.org/
https://github.com/wateraccounting/WAPORWP
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These first observations can be discussed with relevant stakeholders and further explored in the diagnosis 

(see next section - 3.3).  

 Spatial analyses scan 

For the spatial analysis, maps can be created of the various WaPOR database raster files. As water 

productivity refers to the amount of biomass or crop produced per unit of water consumed per season 

(Equation 3-1), it is recommended to start the spatial analysis with a seasonal map of the AETI and one of 

the NPP or biomass in addition to the Gross Biomass Water Productivity map. For more information on 

how to determine the season, see box 2. 

Ὃὄὡὖ
Ὕὄὖ

ὃὉὝὍ
 

Equation 3-1 

If crop information is available a crop specific yield map can be created too by converting the total biomass 

production of the season to the estimated yield using 1) the Light Use Efficiency (LUE) conversion faction 

(1 for C3 crops, 1.8 for C4 crops), 2) the harvest index (HI), 3) the above ground over total biomass ratio 

(AoT) and 4) the moisture content ratio ( )̒ (Equation 3-2). Default values of these 4 parameters are 

available on the WaPOR portal, but if site specific values are available, it is strongly recommended to use 

those instead. Once the yield map is created the Crop Water Productivity map can be created for that 

season (Equation 3-3). 

ὣὭὩὰὨὝὄὖzὒὟὉzὌὍzὃέὝȾρ — 

Equation 3-2 

ὅὡὖ
ὣὭὩὰὨ

ὃὉὝὍ
 

Equation 3-3 

As rainfed agriculture is dependent on the amount and the spatial distribution of rainfall, it can be valuable 

to add a seasonal total rainfall map to rainfed-agricultural analyses, especially when the study area is very 

large and the rainfall distribution is known to be patchy. 

Once the seasonal maps are created, it is important to check whether the values contain any large errors 

and whether they are consistent according to agronomic and hydraulic principles. This can be done by first 

comparing the values and units with those on the WaPOR portal, to ensure the appropriate conversion 

factor is applied (see the WaPOR catalogue) and that no other major calculation errors have occurred. 

Next, it is recommended to consult literature to check whether the values correspond to the literature 

values of the area, crop type and/or ecological zone. Furthermore, the quality layers of the NDVI and LST 

on the WaPOR portal can be consulted to see whether the study area contains pixels with very few 

observations. Finally, the scatter plot analysis should be conducted to check the WaPOR data on accuracy 

and agronomic consistency (section 3.2.3).When doing these analyses, always keep in mind the limitations 

of the WaPOR database and assess whether the analysis fits within the database applicability (section 2.3). 

The final component of the spatial analysis scanning phase is to identify areas of interest to compute zonal 

statistics. For example, it may be valuable to 1) compute the mean values (incl. standard deviation) of 

upstream areas compared to downstream areas, 2) compare an old part of the irrigation scheme to a new 

part, or 3) compare the WP, AETI and biomass/crop values of a sloping area versus a flatter area (especially 

in rainfed). These kinds of additional scans will help with obtaining ideas about factors which may have a 

large influence on the WP of the study area. In the next phase, the diagnostic phase (section 3.3), these 

maps and zonal statistics will further be interpreted.  
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Figure 3-1 Overview chart of the Water Productivity Analysis Approach


































































































































