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increasing in the area, which is due to the increase in natural vegetation upstream, rather than downstream.
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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 (WaPQRan be used to identify practical measures toncrease the
crop production relative to the water which is consumedin specific land and water systemsThis portal
(https://wapor.apps.fao.org/home/WAPOR_2/) is openly accessible and providesnear reakttime pixel
information on biophysical water productivity, actual evaptranspiration, biomass production and
reference evaporation on al0-day basisas well as other daasets This makes it possible tanalysetrends
and patterns in water productivity (WP)and identify where water productivity can be improved. Apart
from detecting trends and pattems, the WaPOR database can be used father applications as well.

There are severatypes of water productivity and within these types, the scale at which you look may lead
to various different interpretations and terminology (seechapter 2.J). In this Compendium we are mainly
focussing on biophysical water productivity eethe amount of agricultural production per volume of water

consumed-kn ej | klgh]ln panii&ksppaed_ ®KInkl &in eonklafe| a’

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 efficiencyWUE) these
conceptsare also explained

Globally, agriculture is the largestiser of water, accounting for at least 70% of all watewithdrawals(Gruere

et al, 2020}. Improving water productivity is important in agricultural water management, becausethe
potential gains are tremendous. Livelihoods of people and national food securities depend on how
effective crop production is, with water oftenbeing a limiting factor. Hence improving water productivity
will not only contribute to water security, butalso to food security and better fam 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 wateruse efficiency across all sectors and ensure 8stainable
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 efficiencythe demand for water in agriculture will in
2050 be up by 70-90% over 2005 figures. This is triggered by a number of factoymamely:

1 The demand for food is expected to rise by 60% by2050 (FAO, 2011a). Thiscaused by
rising population (40%) and by higher per capita calorie itake (11%)Additionally, there is an
increase in consumption oflower calorie items (especially fruits and vegetables) (FAO,
2011b)

1 Thisdemand for food is matched by demand for nonfood products. The demand for
timber is to increase by 45% from 2005 ta2030; in the same period demand for roundwood
will go up by 47% (FAO, 2009). Demand for cotton is to increase with 81% between 204rtd
2050.

However, in spite of this urge and in spite ofall the attention to efficient water use in the last two decades,
the overall trendsin actual performance ofthe water systens in many countrieshas been negative rather
than positive. From the tracking of a statistically significant set of robust pixels over th&ast ten years in
each country, it is apparent that nore rather than less water is used for instance in the existing irrigation
systems and water productivity in many countries has gone down rather than ugislamic Development
Bank (forthcoming). Similaty, in rainfed systems in a large number of countries water productivity has

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

Working on better water productivity
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consistently gone down.This is quite revealing. In generalthere is a huge need to focus much more on
improving water managementthan on developing new water systens. It is timeto make better use of the
limited resource we have rather than inefficiently exploiting more of it.

Against these negative trendssome experts believe that improving water productivity in agriculture by 25
percent, in general, is feasible. Doing so witielp keep up with increased demands and wilfree 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 watdp that is saved

The improvements in water productivity apply to both irrigated andrainfed areas. In many irrigation
systems, there is a tremendous scope for improvemenby: 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 theratio of
yield over water consumption. This, while increasing water efficiency is a good start, a focus should be on
decreasing the nonbeneficial consumption for the same yields or for even higher yields preferaby (for
terminology see section2.]). This leads to gmilarly, important improvementson the agricultural production
side:improved crop agronomy, better selectionof crops and varietiesadjusting crop calendars, better use
of agri-inputs. The important argument in favour of suchwater productivity programs is that they often
yield immediate results They do not have thelong gestation period, financial onus and social disruption
that comes with the development of new irrigation systems for instancelt may be much more attractive
to invest in better water management and higher water productivity than in additional water resource
capture (see box1). However, athorough 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 alsoconsiderable scope to improve water use efficiency inrainfed 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(Annex4). 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 faite. 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 2.1The potential gains in increasing productivity inrainfed 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 suchrainfed and flood-based systemgComprehensive Assessment of
Water Management in Agriculture 2007). Moreover, in Sub Saharan Afcafor instancemost 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 useis another
compelling reason to revisit land and water managment and cropping systems. Adjusting to climate
change can go hand in hand with measures to improve water productiity.

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 littl
water storage per head of population,and that this adds up to high vulnerability to droughts. Several
medium- and large-scaleirrigation systems have been developed over the last 15 years. However, wh
they have in common is that water productivity has been disappointing.

Working on better water productivity



The Koga Irrigation $heme in Amhara in Ethiopia is one such example. ttraws water from the Koga
River, one of 50 tributary streams joining the Ethiopian Upper Blue NileThe schemewas meant to
irrigate 7,000 ha, but in reality, its service area is closer to 5000 ha. Alsbwas meant to be used for
water intensivecrop cultivation but instead the main crop is wheat.

In a two-year field program under the project
O-kjepknejc s]lpan | nk’ g
as a tool to assess possibilities to reduce wate|
I nk>qg_per ¢ pimplemenfed oly the
International Water Management Institute (WMI), a
large number of water users, water user group
leaders and irrigation managers were introduced to
technical innovations to enhance onfarm irrigation
management decisions. This was done by providing
, soil moisture measuring devices to allow them to
assesswhether the land should be irrigated or has
been irrigated too much. In particular the Wetting
Front Detector (WFD) and Chameleon Soil Wate|
Figure 1-1The Koga Irrigation Scheme in Amharain Sensorwere used These two sensors were rolleg

Ethiopia out to six out of twelve blocks in the scheme,
targeting 54 water user groups.

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

some farmers actually operating theinstruments on their farm.

Special data collectors were deployed to help share thef %
information between farmers. The results were spectacular i -
Within one or two seasons, farmers realized they applied too
much water and thissuppressedtheir 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 123 daysaeeffectively a &
water use reduction of 35%4 ] o a r iarigatick jtuan8l g
became less frequent Part of this high-water wastage earliey
related to the need to make ploughing easy. With reduced water §
applications the wheat crop yield went up: according to farmers
estimatons with 10 to 20%. Thegain in terms of water
I nk>q_per epu & wateBsupplifias dn inpressive K
35-40%. Field researchby Bahir Dar Universityconfirmed this
range of improvement. The farmers noted that improved water
management resulted in a faster rotation ammg water users in
the same group and resulted in a decline in water related
conflicts. The saved water was used to extend the area undel
cultivation within the blocks, but also to reduce water deliveries
from main scheme operations to the particular nightstorages.

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

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 waterand land productivity and water use efficiency It is
meant to be a live document, hopefully going through a series of updates and improvementsas more
experience develops in using WaPOR analgs and as more WR LP and WUEmprovement possibilities
are documented.

2.1 Water productivities and definitions: focus on biophysical water productivity

There arevarioustypes of water productivities that provide important insights and can drive policies and
influence water management on the ground (Figure 2-1). Economic water poductivity for instance,
measures the economic or financial value created with the volume of watezonsumed, or the number of
fk"o _na]lpa’ lan rkhgia kb s]pan ADf thésitdatiomof hignk | N/&E; 4
unemployment, when there is an urge to create gainful jobsAnother type of WPis social water productivity
that analyses who benefits from the additional value created with water use. These are very important
considerationsin addition to the crop per drop argument. Take for instance thecase where nonrrenewable
groundwater is used for high value semimechanized 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 2-1Visualization 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 (l2250m and L2ae100m resolution), or for large fields (Level 3
30m resolution). To clarify what this perspective on WRriplies: this compendium considers both beneficial
consumption of water and non-beneficial consumption. Beneficial consumption is considered water that is
transpired by the plant, and nonbeneficial water is considered water that is evaporated from soils which
plants are grown (seeFigure 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 itot 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 intenationally, yields may be considered very low. As such,

comparing LP provides one of the (oldest and most used) performance indicators in agriculture.

How to use the compendium?



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 usedNeither yield nor biomass is being considered in this
ratio, whereasin this compendium ET (e. beneficially and nonrbeneficially consumed water) and water
applied is (see alsdrigure 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 floodsHowever, if this application
(or abstraction) data is available the AETHataset can provide useful insights into efficiencies (at

plot/irrigation unit/ scheme level).
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Figure 2-2: (Crop) Water Productivity (WP) and Water Use Efficiency (WUE) visualisation

When looking at WP, wealways 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.

) i i]ju _]J]oao pda ail d] oeo s e h hleadtamdtefoodproluctan,and k|1 | an
likely have economic and livelihood benefits too. However, in certain cases the emphasis may need to be
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2.2 TheWaPORdatabase

The source for the analysis of water productivity ithe FAO portal to monitor WAter Productivity through
Open access Remotely sensed derived data (WaPOR}tps://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 andreference evapotranspiration) and water
productivity layers(Table 2-2) covering sub-Saharan Africa and the Middle East and North African regions
in near reaktime for the period between 2009 to present day.The data is available atdlekadal (10-day)
timesteps, or for some datasets at a seasonal or annual timestep.

WaPOR dataare publicly accessibleand 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 (FBO and IHE Delft,
2019) The methodology used for compiling the WaPOR database is providetly FAO (FAO, 220). The
data is available at three different levels, based on the spatial resolution of the daf@able 2-1).



https://wapor.apps.fao.org/home/WAPOR_2

On the WaPOR portal, maps of the datasets can be obseed 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 WaPO

R data, it is highly recommended to consulhie WaPOR cataloge for more

detailed information on the specific datasets, as well aso compare the data with observations and
knowledge from the ground. Thedatasetsare 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 12eContinental scale,
with a ground resolution of
250m.

In this level, the data is (currently) available for the whole continent of Africa an
for the Near East. The precipitation data (CHRIPS) and the Referen
Evapotranspiration are only available in Level 1, as their spatial resolutions g
much larger than that of the other datasets. Precipitation has a spatial resolutio
of 5km and the reference evapotranspiration has a spatial resolution of 20km. Fqg
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 riveéasins. In
this layer, also a phenology layer is included. This phenology data is used {
determine seasonal values for certain datasets, such as the total bioma:
production and the gross biomass water productivity. For this level NDVI and LS
quality layers are available too.

Level 3aesub-national scale,
with a 30 m ground
resolution

Currently, for eight areas (irrigation schemes and sulbasins) the data is made
available at the detailed resolution of 30m. In this level, the phenology layer i
available as well as a more detailed land cover classification map. This is the on
level where crop specific maps are available. For this level NDVI and LCC qua
layers are available too.

Table 2-2: Overview d WaPOR dataused in this compendium

Data component Abbreviation  Units Description

Gross Biomass Water GBWP kg/m3 The gross biomass water productivity of a

Productivity

season (n¥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 indicato
GBWP provides insightson 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 AETI
evapotranspiration and
interception

mm/season(also ~ AETIis the sum of water transpired by a crop anc
available in 10day, €vaporated from a cropping area surrounding it
monthly and 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), anc
the evaporation of rainfall intercepted by the
leaves (I). The AETI is expressed in depth (mn
The volume of water evaporated per pixel can be
determined by first multiplying the value by a
factor 10 to go from mm to m%ha, and then by
the area of the pixel (e.g. for Level 2 (100n

annual timesteps)
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resolution) the pixel area is one hectare)There
is no readymade seasonal AETI layer availabl
on the portal but this can be computed using the
monthly or decadal data.

Transpiration

mm/season (also
available in 16day
and annual
timesteps)

T is the sum of water transpired by a crop during
the cropping season. There is no readymade
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 _nkl ¥ nabha
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 readymade seasonal ETref layel
available on the portalbut 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/m? (1Gday
timestep)

The NPP expresses the conversion of carbol
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 seasonalotal biomass
production (which is determined from the NPB.
Similar as for the GBWP layer, the season |
based on the phenology layer. Thus vhen using
the TBP, it is important tocheck this phenology
layer to see if the seasonality of WaPOR
corresponds with the actual seasonalityeif that
ground information is available.

Land Cover
Classification

LCC

Class

The annual ICC raster layers are created basec
on the Copernicus global land service map
(100m) of the year 2015. Additionally, using
decadal reflectance timeseries, the FAO Croj
Calendar phenology information and applying a
water deficit index, the irrigated and raified

areas were derived for the years 2002019.

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 pel
date (SOS, max, EOS) so 6 raster files per yes
The dates are expressed in decadal numbers.

Precipitation

mm/day (also
available in 18day,
monthly and
annual timestep)

Though this layer is based on CHIRPS data rathe
than WaPOR data, it is available on the WaPOlI
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 avdable on: htips://wapor.apps.fao.org/home/WAPOR_2/1

2.3 Limitations of the WaPOR database

WAPOR is unique in makinglata available on biomass water productivityand at 10day (decadal) interval
on net primary production and actual evaporation,for a large number of countries over a longperiod of
time (from 2009 to now). The scans and diagnoses discussed in this CompendiufChapter 3)use these



datasets At the same time the information contained in WAPOR ha 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 croy
with the exception of a limited number of level 3areas This makes it hard tc
compare areas unless they have the same cropnd are normalized for climate
Trends can be observed bt may be distorted if cropping patterns change.
Therefore, for area comparison, it is recommended to collecdditional data from
the field on crop type, location and seasonalitybefore conducting crop-specific
analyses using the WaPOR databas&rends are alscharder to analyseif there are
multiple or mixed cropping systems

Spatial lesolution The WAPOR data comes at three levekelevel 1 (250 meters resolution), level
(100 meters resolution) and level 3 (30 meters resolutignLevel 2and 3 data are
available respectively only for selected countries and selected argeawithin a
number of countries. The lover resolution in level 1 and 2 increases the chance
several land useor crop types being contained in a single pixel, making it moe
difficult to interpret its value. The possible distortion is more severe when relative
small ares are interpreted. Another potential issue regarding the spatia
resolution is the downscaling of the LST (1km resolution) to the resolutions of le\
1 ard 2 (for level 3 Landsat LST data is used which has the same resolution as
level 3 output layerg. This means thafor agricultural areasthe AETI and NPP dat:
can be distorted with averaged water stress factors taken from 1 kfmareas: in
desert areaswith large contrasts in bare soils and irrigated crops this leads to
gross underestimation of ET and NPPwhereas in large irrigated areas this lead
to a smoothing out of spatial water stress differences, which may result in ove
and under valuation of ET and NPP.

Accuracy With WAPOR increasingly used, there is more and more feedback on the accure
of data. Though with more validation datg in updated versions of WaPOR th¢
quality is improving, the use of absolute values is still to be done with caution, an
crossreferencing isstrongly advised. This particularly applies towvalueson water
productivity. These valuesaire more sensitive as they area composite of the two
other data sets which increases the likelihood of errors and potentially magnifie:
them. In general to process the information of the WaPOR database in qualit
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 WaPORvailable at:
https://github.com/wateraccounting/WAPORWB

Land use classifications In WAPOR pixels are caegorized according to several land use typesased on
Copernicus Global Land Service: Land Cover map of 100m resolution (Buchhorr
al., 2019) For agricultural land use, aistinction is made betweenirrigated and
rainfed land using the water deficit index (FAO, 2020)Inevitably there are
instances of misclassifications, and of neagricultural land uses being classifie
as either irrigated or rainfed land. Additionally, a major constraint is thatthe
Copernicus map used is fom 2015 and only changes the separation betwee
irrigated and rainfed agriculture each year, so on top of potential misclassificatiol
the map does not include an annually varying land cover map.

Light use efficiency of crops The WaPOR NPP layer is basedn C3 crop. When studying C4 crops, such a
maize, sorghum and sugarcane parameters are needed for an addition
conversion of the data. C4 types use a different photosynthesis process,
particular a different C4 carbon fixation pathway to increase phatsynthetic
efficiency by reducing or suppressing photorespiration. To calculate the biomas
or NPP for a C4 crop an adjustment is required, namely multiplying the biomas
or NPP value by a crop factor (fc), which is the ratio of light use efficiency of C
crops over light use efficiency of C3 crops.

How to use the compendium?
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Time series For the level 2 data, the database is made up of data from two different satellite
Prior to 2014,the data is based on(resampled) MODIS (250m) data, from 201<¢
onward level 2 uses 100m Probd data. For analysing trends using the level :
data, this should be taken into consideration as the data is inconsisterdver a
longer period.

2.4 Using trends, patterns and absolute values

In general, because of the limitations outlined above,caution is required in usingabsolute values from
WAPORalthough continuous improvements are made to the database to make the values closert®n a] h N
absolute values. However, in the meantime trends and patternsrpvide a lot of information already,
including comparisons between different regions/areas.

Nevertheless, @en when the absolute values improve, the local context should still be taken into account
when comparing different areas with each other. Especiglwhen decisions are made based on which area

|l anbknio PrappanN¥% ] p dugintHese @rdas have] higheoP@andgield valzesa4re n a °

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 schemgHoogmoet et a/.2017) Rather than concluding that the farmers in this part of the
o_daia ]J]na PA] N b]lniano¥% pda | kpaj pe] h higngsame kb
infiltration of water from bordering areas) should be taken into account Then, suitable interventions
regarding the salinitycan be applied, rather than blaming the low WP on the farming practices

It is therefore recommended to look at the trendsand spatial patternsin analysing Water Productivity.
Examples oftrends and spatial patternswhich can be analysedare the following:

Trends over the years

intra- and inter-seasonal/annual variability
Spatial patterns in water productivity
Spatialanomalies (extremely high or low scores)

=A =4 -4 =4

The methodology proposed in this Compendium is to first make ascan of an area, followed by additional
diagnoses so as to identifyintervention areas. In the scan and diagnosjshe use of trends and spatial
patterns is recommendedthrough spatial and temporal analysis whereas caution is required in using
absolute vdues.

2.5 Getting the processright 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 makeirsyestors
and water users.

AsFigure 2-3 highlights, the engagementof stakeholdersis throughout the processasin defining the initial
scope of questions, in helping to understand the overall context, in validating the analysasboth the scan
and the following diagnosis aand 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 watesr agricultural
organizations concerned, training and coaching them to undertake the analyses themselvesnd
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 ldentifying Water Productivity Improvements

In this chapter an approach is discussed for conducting water productivity analyses. This approach consists
of three phases: The scan (sectio3.2), the diagnose (section3.3), and the identification of potential
interventions (secton 3.3.4and chapter4). These phases match with the following guiding quasns: 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 spge-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. Thereforehé¢ things to keep in mind
when analysing each of these systems, including an example analysis, is provided in sectidrs(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, diagnhose,
interventions) of the analysis are structured according to three analysis types: 1) Spatial Analyses, 2)
Temporal Analyses, and 3) Scatter plot Analyses. In the sectionsltw 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 IHDelft available on GitHuB. 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 ma@SoilGridg¥a $ecep] h %har] pekj
or discharge measuremens. 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 valuablesights, 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 (secton 2.5).

3.2 Scan

As the first stepin the analysis an assessment of the situation is needed. This is done by first making a scan
of the current situation with respectto the Gross Biomassor 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 agricult@ system.Additionally, it is valuable

to collect information on the growing season, the management practices and the crop typedn the scan,
the area concerned is analysed, with a focus othe spatial differences g¢ection3.2.}, the temporal changes

or trends (section3.2.2), and the pixel valie distribution (section 3.2.3.

From the scan, some first observationgnay be identified. For example

IsWP increasing declining or strongly fluctuating from year to year?

Is WP relatively low compared to other systems with similar environmental conditions and croga
Are there large spatial differences?

Are there unusual observations in the time linege.g. outliers) or in themaps (e.g. sharply
defined areas with very different values than the rest of the scheme)?

To To o Do

2 These Jupyter Notebooks are python language scripts and are made specifically for WaPOR analyses. Tarey
structured according to several modules which can be used for the scansawell as thediagnostic analysisphase. The
scripts and the corresponding documentation can be accessed altittps://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).

3.2.1 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 consimed 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 Bmass Water Productivity map. For more information on
how to determine the season, see box 2.
00 wL W

Equation 3-1
If crop information is available a crop specific ield 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 owvatat 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 crei@d the Crop Water Productivity map can be created for that
season Equation 3-3).

OQQAW B0 'YOO®O £ —
Equation 3-2
P OQQa Q
wo 0 0y
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 totalrainfall 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 thatanother 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 §ection 3.2.3.When doing these analyses, always keep in mind the limitations
of the WaPORdatabase and assess whether the analysis fits within the database applicability (sectif).

The final component of the spatial analysis scanning phase is to idefyt 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 thanext phase, the diagnostic phase (sectio3.3), these
maps and zonal statistics will further be interpreted.

Identifying Water Productivity Improvements



Figure 3-1Overview chart of the Water Productivity Analysis Approach
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