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sustainable manner is a major challenge;

\ ) = In 2050, food needs to be produced for an expected population of
between 9 and 10 billion people;

= A lot of water is needed to produce food. Agriculture, as it is practiced
today, is responsible for 70% of all freshwater withdrawals in the world.
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Increase in agricultural production required to meet demand in 2050 is
50% (48.6%), compared to 2013 baseline (FAO,2017) at a time of
increasing pressure on water quantity and quality.

Against this background, improved crop water productivity is needed.

Production in agriculture should not only be considered per unit of
land(kg/ha),but also expressed in the production per unit of water
consumed, or in short Water Productivity (WP).

Contribute directly to Sustainable Development Goal 6.4 on improved
water use efficiency.

sxc  UNIVERSITY OF TWENTE.




WATER PRODUCTIVITY

=S =)

to the quantity of water beneficially consumed to produce this output.

» Can be expressed as biomass, grain or money. For example, the so-
" called ‘crop per drop’ approach focuses on the amount of product per unit
of water.

= Water productivity in agriculture can be expressed as amount of product
per unit of water beneficially consumed by the crop.
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| WAPOR: USE OF RS IN WP ASSESSMENT

= . Improving water productivity allows for better managing water demand in

agriculture.

| = Systematic monitoring helps to evaluate water productivity gaps and

identify appropriate solutions for closing these gaps.

» Remote Sensing can help monitor water productivity in an objective and
cost effective way and show the spatial variability.
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* Y| WAPOR DATA BASE

X WaPOR is the FAQO portal to monitor Water Productivity through Open

access of Remotely sensed derived data. It monitors and reports on
agriculture water productivity over Africa and the Near East and provides
open access to the water productivity database and its thousands of
underlying map layers. It allows for direct data queries, time series
analyses, area statistics and data download of key variables associated
to water and land productivity assessments.

&~ B & wapor.apps.fao.org/home/WAPOR 2/1 %

Food and Agriculture Organization WaPOR

- : The FAD portal to monitor WAter Productivity through Open access of
of the United Nations Remotely sensed derived data

& Map

WaPOR 2.1 ~ #3Signin @ Info Feedback

= [ntroduction WaPOR:
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WAPOR DATA BASE - VERSION 2

. 3 levels, online analysis — level 1(Africa and MidEast)

C @ waporapps.fao.orgfhome/WAPOR_2/17lat=12.16851418357270480on=37.75072732419043 B & & N G

Food and Agriculture Organization

of the United Nations

 Map WaPOR 2.1 * OMyWaPOR @Info EFeedback

=, | RN - =
NATIONAL (100m) SUB-NATIONAL {30“1} *’:

& LEGEND

Q Locate Gross Blomass Water Productivity 2020 =

i The annual Gross Blomass Water Productivity
B expresses the quantity of output (total blomass
production) in relation (o the total volume of water
consumed in the year {actual evapotranspiration).
See more in Catalog

x no data
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2 kg/m?

SEARCH MY POINTS

You can search by country, city, street, place of
interest or geographical coordinates (1at, lon)

SEARCH

Country, city, street or place of interest

® Gross Biomass Warer Productivity
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‘ ‘\ b Gross Biomass Water Productivity o E l >3 kg/m*
l!’ 3 Year 2020 ,l oint Time Series = & . i Hrom 51,01 2008 Ta 0101 2021 qﬂ

i —
4 Value 1.836 . e ) @ More options
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WAPOR DATA LAYERS

= Differs per level — level 2 (selected countries / basins)

“ C @& wapor.appsfao.org/home/WAPOR 2/22theme=12_AET_D&dim=DEKAD:%25582021-04-1136252C2021-04-21) xw = »0

Food and Agriculture Organization

of the United Nations NAzer Producthicy through Opan sccess of

& Map WaPOR 2.1 v ©OMyWaPOR @ Info & Feedback
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- . : LEGEND -

Actual EvapoTranspiration and Interceptic =

{ The actual EvapoTranspiration and Interception
(ETla} is the sum of the soll evaporation (E), canopy
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WAPOR DATA LAYERS

= Differs per level — here level 3 (selected areas

& c # wapor.apps.fao.org/home/WAPCF heme=L3 GEZ_TBP_S&dim=YEAR:%25582019-01-(

)-01-01)8edim=SEASON:S1 2w * *» @

Food and Agriculture Organization

of the United Nations

& Map WaPOR 2.1 * OMyWaPOR @ Info EFeedback
Al Halihia
CONTINENTAL (250m) NATIONAL (100m) SUB-NATIONAL (30m) LEGEND
GEZIRA, SUDAN i - Total Blomass Production (Gezira, Sudan - =
e
A
Total Biemass Production (TBP) is defined as the
L! Layers x sum of the above-ground dry matter gruri'.upd
d he course of the growing season. See more
'|§_l
THEME
Total Biomass Production (Gezira, Sudan - Season = e 2 ¥ A I no data
Transpiration (Gezira, Sudan - Dekadal) o 0
RN
Evaporation (Gezira, Sudan - Dekadal) 3 T2 1000 kg/ha
8 +
" e AL 3 a
Interception (Gezira, Sudan - Dekadal) o i ey, -
Jhldalt . 2 6000 kg/ha

Net Primary Production (Gezira, Sudan - Dekadal)
2000 kg/ha

i .}
Total Biomass Production (Gezira, Sudan - 12000 kg/ha

Seasonal)
15000 kg/ha
18000 kpfha
Lt
a8
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WAPOR DATA CATALOG

= All data (per level) is well documented

« = C & waporapps.fao.org/catalog/WAPOR 2/37area=GEZ

Food and Agriculture Organization

of the United Nations

MAter Productivity through Open scoess of
ta

@Backtomap > Catalog

WaPOR 2.1

CONTINENTAL (250m)  NATIONAL (100m) R Evlel RIRED )]

GEZIRA, SUDAN -

Actual EvapoTranspiration and Interception
(Gezira, Sudan - Annual)

The actual
EvapoTranspiration and

Actual EvapoTranspiration and Interception
(Gezira, Sudan - Monthly)

The actual
EvapoTranspiration and

* O MyWaPOR @ info EFeedback

v Warer

~ Land |+ Ancillary

Actual EvapoTranspiration and Interception

(Gezira, Sudan - Dekadal)

The

actual

EvapoTranspiration and

Interception (ETla) Is the sum
of the soil evaporation (E),
canopy transpiration (T), and
evaporation  from  rainfall
intercepted by leaves (1).

Transpiration (Gezira, Sudan - Annual)

UNIVERSITY OF TWENTE.

The Transpiration (T) data
component 15 the actual
transpiration of the
vEgetation canopy.

Interception (ETla) Is the sum
of the soll evaporation (E)
cancpy transpiration (T), and
evaporation  from  rainfall
intercepted by leaves (1).

Evaporation (Gezira, Sudan - Annual)

The Evaporation (E) data
component Is the actual
evaporation of the soil
surface.

Interception (ETIa) is the sum
af the soil evaporation (E).
canopy transpiration (T), and
evaporation  from  rainfall
intercepted by leaves (1).

Interception (Gezira, Sudan - Annual)

Interception is the process
where rainfall Is captured by
the leaves.




| WAPOR DATA DOWNLOAD

» Allows for data download (if signed in) — geotif format

Food and Agriculture Organization

#Backtomap » Catalog > Actual EvapoTranspiration and Interception (Gezira, Sudan - Annual)  WaPOR 2.1 = OMyWaPOR OInfo & Feedback

Description

The actual EvapoTranspiration and Interception (ETIa) Is the sum of the soil evaporation (E), canopy transpiration (T), and evaporation from rainfall
intercepted by leaves (1), The value of each pixel represents the ETla in a given year.

Additional Information =

Format Haster Dataser

Unlt mm

Data type Int32 (32big Integer)

Conversion factar the pixel value in the downloaded data must be maltiplied by 0.1
No data value 9994

Spacial resoluclon 3om

Spatial extent Gezira, Sudan

Spatial Reference System (SRS) EFS(37R36 - WS B4/ UTM zane 36M
Temporal resclution from January 2009 to present
Temporal axtent Annual

Se: ETla by dikad for further information, The annual total is obtained by taking the ETla in mm/fday, multiplying by the number of days ina

Mathodology dekad, and summing the dekads of each year.

Year T
2020

© OGCLnk
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« o & waporapps.fao.org/home/WAPOR_2/1

Food and Agriculture Organization

of the United Nations

& Map WaPOR 2.1

WAPOR DATA BASE METHODOLOGY

#15ignin @ Info EFeedba

= Calculation procedures to derive WP and other data

layers

ensancen By Google

Food and Agricul ture Food and Agriculture Organization
Organization of the of the United Nations
United Nations
English
WaPOR, remote sensing for water productivity
# Overview | Water and land productivity assessment  Water accounting | Capacity development  He rce Mews & Events

WaPOR publications

WaPOR publications
WaPOR V2 quality assessmeant - Technical report on
Other FAD publications the data guality of the WaPOR FAD databasze
version 2

KEASOmImE WaPOR Version 2 was launched in June 2019 based
on extensive internal and external validation and
quality assessment, This report, developed In
collaboration with ITC-Twente and the other
partner of the FRAME Consartium, provides a
quality evaluation of the WaPOR V2
evapotranspiration, biamass and water
productivity data across Africa and the Near East.
currently distributed through the FAD's WaPOR
portal,

Wehinars & tutorials

Video animations

WaPOR DATABASE METHODOLOGY

April 2020

UNIVERSITY OF TWENTE.

WaPOR applications
catalogue
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TBEP

CBWP = ErT+1

GROSS BIOMASS WATER PRODUCTIVITY

= . The Gross Biomass Water Productivity (GBWP) expresses the quantity of
‘| output (biomass production) in relation to the total volume of water
consumed in a given period

Gross biomass water productivity in relation to other data components

ETI TBP Phenology

| mm

e Calculating GBWP requires input from total biomass production, evaporation, transpiration and

interception, and phenology if calculated on seasonal time step.

# Noexternal data source is required to calculate GBWP.

o The output is notused in any other data component.

Where TBP is total biomass production in kgDM/ha, E is evaporation, T is
transpiration and | is interception, all in mm. The following data is used for
calculating GBWP: TBP, E, T, I, and phenology if calculated on seasonal time

ste
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NBWP = 222

The Net Biomass Water Productivity (NBWP) expresses the quantity of
output (total biomass production) in relation to the volume of water
beneficially consumed (through canopy transpiration) in the year, and
thus net of soil evaporation.

Net biomass water productivity in relation to other data components

TBP 10 Phenology

|

¢ Calculating NBWP requires input from total biomass production, transpiration, and phenology if calculated
on seasonal time-step.

» Noexternal data source is required to calculate NBWP.

o The output is notused in any other data component.

Where TBP is total biomass production in kgDM/ha and T is transpiration in
mm. The following data is used for calculating NBWP: TBP, T, and
phenology if calculated on seasonal time-step

B4
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GBWP EXAMPLE AMHARA REGION ETHIOPIA

» For the Meher (rainy) season (dekad 16 — dekad 30),
eas only — using level 2 data

rainfed agricultural

b Maplist Graph

MacList [€ gbLwo_meher =] +| _ CioboadCopy
¥ Fis Stietch L]
4

I™ Contiruous ¥ Always On Top

0

[1615,1038] (36:3.122) 12°1201.02'N. 36"1550.64"E

Overview of biomass water Productivity data components

Data Temporal resolution

component

GBWP Measures quantity of dry

consumptive water use

Seasonal (further
biomass output in relation to  aggregated to user-defined)

ar

kg/m’ 0Oto6 Measures quantity of dry
biomass output in refation
to transpiration (or beneficial

water consumption)

Seasonal (further
aggregated to user-defined)

" Range observed in WaPOR area, but theoretical range could go up ta 25.
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BB thip_wp_meher.mpy - ILWIS o
fde Layers Options Help
DO Me &y BaW
1 - J
= # Global tools
& G regrons
I thp_rrseher_sum_amih_rai
GEWP Hher 2120
B0
R0
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3006 12e
Coordinate| 117441 2000
1066
0a0e
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EXAMPLE CALCULATION (EXCEL)

, . Calculatlon procedure to derive GBWP / NBWP

Gross - Net Biomass Production, sample location south of
lake Naivasha-Kenya

o T

| 0
20
5.000
40
I
4.000 \/\/ \/ 60
A

3.000 \/V

2.000 120
/\/"‘/\/\/\’\/\/ 140
1.000

GWBP-NWBP in kg/m3
5]
o

(0]
o
PCP (mm) and plant available soil moisture (%)

0.000 180
> > > > > ® > ® > ® > >
¥ Y (AN NI\ Q> A\ (AN
v v v A% v v v v v v v v
AR AR RSN S AR S R AR R AU S U
N N N N N N ~ N ~ O RS RS
dekad 2018

B Chirps-P = ess==GBWP_dek e NBWP_dek SMC
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profile having onions during the Nov 2019 survey. The variations may be
due to crop rotations, weather, climate and irrigation and field practices,

a/o other influences.

{ Maplist Graph X k b Maplist Graph X
MaplList |9rpp j;l Clipboard Copy | I~ Continuous ¥ Always On Top MapList Iemp :];] Cipboard Copy | I Continuous ¥ Always On Top
¥ Fix Strietch 0.000 5000 ¥ Fix Stretch 0.000 5{[1!
5000 5000
|
i U\/\/\WM\J\/\ M
0 0 o
1 396 1 396
[341.693] (536785.1,1587883.5) 14°21'46.26"N. 33'2028.22'E | | [3301039] (547149.915867115] 14°2107.54'N, 33°2614.21'E
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CROP WATER PRODUCTIVITY / YIELD

= =
= = e |
zE T N
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S, 5 =
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Toel  sems o g
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B =
«» —| [[—— Samplc avg Cotton «» —| —— Groundnut whoat rotation
T : T T T T T T T T
o S5 10 15 20 25 o S5 10 15 20 25
dekad - July 2019 to Mar 2020 dekad - July 2019 to Mar 2020
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IMPORT DATA AND CALCULATION IN ILWIS

= FAO-Frame toolbox

& 1Lwis Open - C\amhara\WaPOR
File Edit Operaticns View Window Help
=R B X |
B BB &

B e R E

SIES dlmlElci L === ]

= Script "ETla_dek_calc” - ILWIS - O
File Edit View Help

| Description |

BHP LN S E

Parameters | Default Values

rem calculate sum ETla map for a given dekad

rem input maps expected have average ETI in mm/day
rem calculate sum T map for given dekad

rem input map expected has average T in mm/day

rem units in mm and m3/ha are used for the output maps

Operation-Tree | Navigator | Finder | |1 G\amhara\WaPOR

rem note length of dekad for last dekad of month changes
rem dekad defined as:

Edit
@ b Create
@ € CaboVerde
= DEM hydro-processing
= @ FAO-Frame
@ Toolbox
@ &) GEONETCast
= D Image Processing
@ [ Import/Export
@ [ Interpolation
@ [ Point Operations
@ & Polygon Operations
= [E2) Raster Operations
@ [ Rasterize
@ B SEBS Tools
# P2 Segment Operations
@ @ Spatial Reference Operations
@ [0 Statistics etia_mm_meher
@ M) Table Operations etia_mm_meher_sum
& " Triple-Sensor etia_mm_sum
I=s VICI = GBAG_WP
@ [ Vectorize
@ @ Visualization
@ B Seript

= agbp

= AGBP_dek_calc
[E1AGBP_dek_calc_maplist
agbp_meher
agbp_meher_sum

etia_m3ha_meher_sum
etia_m3ha_sum
etia_mm

net_agbp_wp_meher ERthp_meher_sum
R ret_thp_wp_2020 ERthp_sum
D net_tbp_wp_meher Ethp_wp_2020
i npp_2020 tbp_wp_meher

M2 npp_meher Fhthn wn_meher
B 20 B FA0-Frame Tocibox

& FAD-Frama Tookox Halp

%) Dals Freprocesseg Version1
'ata Fraprocessing Varsion 2 Sudsn
[ Levell - Sudan

B Level? - Gazes

3 Leveld - Geana Selected

'ata Fraprocessing Varsion 2 Kenys
- Levell - Kerpa

B Lavel2 - Naivacha
El Data Preprocessing Version2
& 20 B Laval2 - Amhara
B _20 - Watet Productiviy Proces
B2 =1 Pes Dekad
Rt 20 ETla calculstion
- Total + Abave Grourd Bicemass Production Calcuation

[ [l Gl Bicemass Produstivty Calculstion
j = T] et Biomass Productivity Cakcalstion
B m3 B Pet Gicwang Season

B Annual
B3 &) Genens GIS functions
B m3 1 Genesc oot ol Levels
Bt |5 Conbgursion
£t 5 Folders

mt_mn
Sty |
EPho_t ConlighML vession 1.0

MaplList "t_m3ha"
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rem first dekad month = days 1-10, total 10 days
rem second dekad month = days 11-20, total 10 days
rerm last dekad month = day 21 to last day of month, e.g. 8. 9 (leap year) for February or 10,11 days otherwise!

rem calculate ETla in mm - apply scaling of 10
725 _mim:=((%1+%2+%3)10)"%4;




