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National Incubators
facilitating adoption of EQ
with national R&D partners

7,

EO AFRICA

13 foo

Develop and validate EO-based solutions addressing sustainable

agriculture and drought monitoring, by co-developing together with

African experts and end-users increasing their knowledge and capacity,

developing an operative platform and database for results visualization and

sharing with end-users AR

a5 cent g B RS

The AFRI-SMART project will tackle this challenge in the Morocco country

Figure 41: Water stress levels by geographical region and subregion
(2019)

The website link is: https://www.afrismart.polimi.it

Projected to increase->
. water security issues will
- be enhanced

CLEANWATER
ANDSANITATION

. No stress: <25 percent ‘ Low stress: 25 to 50 percent Medium stress: 50 to 75 percent

High stress: 75 to 100 percent . Critical stress: 100 percent
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AFRI-SMART case study ¥ £ ) ecrumersar esa
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 Decreased water availability, due to increased Eﬁ;enaoum_ Er-Rbia Basi 7

drought periods, inaccurate management and water
infrastructures

* Increased water demand (extention of irrigated
areas, urban development and industrial)

Doukkalallrrigation|Di

ORMVAD office stopped supplying water to farmers by mid-2020

) Doukkala area (96,000 ha)

A73AN'0"W

Faregh district

A Sidi Bennour District

Zemamra District

Gharbia District

Gravity Irrigation : - Sprinkler Irrigation .

‘ elall paaidyl
V984101 ALyl

High section of irrigation sheme
- Low section of irrigation sheme

= Main irrigation canal
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- Estimate and forecast of water availability and needs under a changing climate, at multiple spatial scales

* Improvement of water management at national scale during droughts conditions, mitigating water use conflicts

Droughts occur
periodically and may
get worse with CC

What is the impact of drought
§ on streamflow?

- C,
3 3 2 WATER RESQURCES
3 CHALLENGES IN
MOROCCO

.........
...........

How do we manage water to
ensure drinking water,

b hydropower, environmental

p ey % flows, irrigation, and industry?

4

How do streamflow droughts [ 5 4" ot -

impact on reservoir storage .
and irrigation supply?

o
_____
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Thus, more accurate
information on water
availability distribution in
space and time is needed
to address sustainable
agriculture and to
guarantee food security,
through an adequate
irrigation supply and
basin integrated water
management.
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How to address this problem... - ) ecemersar {oesa

K Monitoring Forecasting / Management?

historic simulation for 1979-2022

Precip / SM / Streamflow Streamflow Reservoir operation
T ' ] | 1000 ;oan——s:ll parnntilo——nssth "ﬂljgu_ () ikl Cspontin 1)
K‘ SETTAT # ‘ 12000 percentlle, g \ Zone 4 = eV S . sﬁﬂ"’a
# P ane 4 = emergency storage ¥
= o Zone 3 = flood storage
’ E 6000 ’ Zone 2 = normal storage
,,,,,,, _ 0 : Trade offs?

g
Crop water demand \‘
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Cell Energy and Moisture Fluxes Grid Cell Vegetation Coverage

The tools we are using Y B Cesa
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Cooperation with End-users » % ) ewwrsar esa

Involve relevant African end-user entities throughout the project with an agile approach to facilitate the
integration of the developed solutions that are actually responsive to their necessities

Open source tools

End-users expectations Multi-scales approach
matching project From numerical modeling to people Final tools
outputs
P m 1) the data repository,
From a survey and meetings [Inter-regional ] unesco > [unesco where all data and
scale outputs will be directly
Ministry of Equipment, M'n:tsrzeorreﬁggﬁrgure aCCGSSIb|e and
Tra n;ﬁgr\tw;&grl stics Develolzment Waters d own I Oa d a b I e
and Forests
scale (e oo 2) a web-GIS platform for
outputs visualization and
River basin Oum Er-Rbia immediate information
Hydraulic Basin
scale Agency (ABHOER) use
__ { TegeraTomean) (RegeraToREe | (D
_Irngatlon | Agricultural Agricultural : Sugar extraction,
district scale i mﬁgm{m) DEVE'OP;‘SET\;\?;D) ! rE?,'(';fd
A [ Regional Offices c;:).;g,\;i;::;.lral Development ]_/
In the context of national and
! ALy international water-related
= WALAL .
—--.-.?_'.iL_/’ policies
orvMvAD &
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Domain:

National ~ Basin  Doukkala Al Massira

Year:

Real-time ~ 2013-14

Variable:

Precipitation

09 February 2024

Select mapping date
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Provides easy access to the data
through a web-GIS platform

An online platform for monitoring
water resources, floods and droughts,
close to real-time for all of Morocco
Multi-scale: from national, to river
basin, reservoir and irrigation district

Data are available for historic, near
real-time and forecast periods
Historic data can be used to compare
with current conditions

Real-time data can be used for
monitoring of evolving drought
conditions

Forecasts data can inform decision
making on water resources
management

The tool will be not a substitution of water operator decision, but it will provide an objective, scientifically
based, consistent, and easy-to-use high-level information, for improving water management. > complement
the diversity of existing systems and databases for the range of end-users



The Web Platform — Multi-Scale
Domains

Domain:

National Basin Doukkala Al Massira

Shows current
and forecast
Shows current climate and
and forecast hydrological
climate and conditions for the
hydrological Oum Er-Rbia
conditions basin
== — Bl == ]| nationally F 1! M == ==

Shows current
and forecast crop
and irrigation
conditions for the
Doukkala
irrigation district

Shows current
and forecast
reservoir volume
and releases
conditions for the
Al Massira dam

9

https://hydrology.soton.ac.uk/apps/oumerbia_app
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The Web Platform — agricultural

district of Doukkala
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Scenarios of sustainable water

management
Automatically updated inputs

The platform will allow to simulate different scenarios of - =

o AvialNovalight -[11 | &° & | = 2 Testo s capo

B Copia - -

& Copiafornato | © € 5 v [E-|2- A~ 5 Unisc e alnes
[ DISPONIBILI G per Officeson prorti cione, ma prima g x
x18 - £ | =(gn18*(1-$Ns2) 100%0.000001) +M) 1;(R18-$X$1)/(Params!$C$2170.000001-$X$1))) *Params!$BS13 -

A B c D E F G K L M o P Q R S T U v w X Y z =
1 ation quota linimum rogulation [Mm3 425 00 Minimum water
2 1
3

Wet Dry  Median  Wet Others  Dry Median Wet Dry Median  Wet  Dry Dy A

1 1 0% inimum Vital Flow (m3/] for uptake [{
a e r e Ve I I l e a S S I ra a I I l [Doukkala demand (FEST) [Mm3] water [Mm3] | Water storage Al Massira [Mm3] from dam [Mm3] | Outflow in river [Mm3 Effective Doul
" Forecast ) i Casablan Volume
y & ca

4 day
- - - - - - - - 5 1 9 046 024 245396 245396 245396 1.50E-08 150E-08 1.50E-08 1.78E+00 128
6 2 9 046 024 2454.04 245447 245497 1.50E-08 1.50E-08  15E-08 1.78E+00 o
" 7 3 9 046 024 245412 245498 2455.98 1.50E-08 1.50E-08  1.5E-08 1.78E+00
, 8 4 9 046 024 245417 245546 2456.96 1.50E-08 1.50E-08  15E-08 1.78E+00
9 5 9 046 024 2454.18 245589 2457.88 1.50E-08 1.50E-08  1.5E-08 1.78E+00 12000
- - - - - - - 10 6 9 e 024 2454.12 2456.24 245871 1.50E-08 1.50E-08  15E-08 1.78E+00 10000
1 7 9 )8 15608 1.78E+00 :
minimum flow) (additional water availability B CRCSTEENN
B 9 9 B 15608 178E+00 2 o
14 10 9 )8 15E-08 1.78E+00 -
H - H H H B 1 9 38 15608 1.78E+00 * om
considering new desalinization plans e P
17 9 )8 15608 1.78E+00 o
ie 9 B 15E08 178E+00 .l
- - - 19 9 )8 15608 1.78E+00
20 9 )8 15E-08 1.78E+00
3. Request for irrigation water demand from Doukkala = P
. 2 9 S So—— . B 15608 178E+00 128
2 e = s g0 2
24 9 Dry Median Wet . )8 15E-08 1.78E+00 128
25 9 - - _— - - oy Meden « 18 15E-08 178E+00 128
26 9 10.00 128 1.16 104 046 U 240042 41043 240110 1.0UE-UD 1ouc-08  15E-08 1.78E+00 128
27 9 10.00 128 1.16 1.04 046 024 247054 248149 249430 1.50E-08 1.50E-08 1.5E-08 1.78E+00 128
28 9 865 128 1.16 104 046 024 247566 2487 54 2501.47 1.50E-08 150E-08 15E-08 1.78E+00 128
29 9 723 128 1.16 1.04 046 024 247968 249238 2507.29 1.50E-08 1.50E-08  1.5E-08 1.78E+00 128
30 9 596 128 1.16 104 046 024 248253 249594 251169 1.50E-08 150E-08 15E-08 1.78E+00 128
- - - 3 9 507 128 1.16 1.04 046 024 248434 249836 2514.81 1.50E-08 1.50E-08 15E-08 1.78E+00 128
OPtIons — to be modl Ied by end_user 2 o 013 2wwozos a78 418 462 128 18 04 048 024  ods543 24097 251705 | 10608 1S0E0B 15508 1785400 128
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35 10 20 333 0.39 0.35 032 045 023 2486.93 2502.89 252163 1.50E-08 1.50E-08 15E-08 1.77E+00 0.39
36 10 20 314 039 035 032 045 023 248750 250377 252287 1.50E-08 1.50E-08  1.5E-08 1.77E+00 039
37 10 20 299 0.39 0.35 0.32 045 023 2487.91 2504.47 2523.92 1.50E-08 1.50E-08  15E-08 1.77E+00 0.39
3 10 20 289 039 035 032 045 023 248820 2505.04 252483 1.50E-08 1.50E-08  1.5E-08 1.77E+00 039

- Percentage % desalinization water for Casablanca (or other) = i e
 Minimum regulation volume [Mm3] or level [m] in Al Massira

« Minimum water storage Al Massira lake for Doukkala uptake [Mm3]

« Minimum Vital Flow [m3/s] downstream Al Massira dam

Outputs

Area of Doukkala which could be really
irrigated: (100 % and km2)

Effective water available for Doukkala: amount
of water available for irrigation 11
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Using Modeling to Estimate the Water

Balance at National / Basin Scale

Coll Energy ana Moisturs Fuxes G Coll vegatation coverage | 11€ VG hydrological land surface model —
a comprehensive land surface model with

N
o an extensive history of development and

Verianie minnation cure | @PPIICALION that can be applied at high

=11 (- A
i,

\

resolution for multiple ensemble forecasts

Infiltration Capacﬁy
& .

(Canopy [
T
e e VIC predicts runoff on a 5km
Layer2) AN —5 4 grid, which is then passed to
] §g "'@:\c c ?&%IEJ]? riF\)/ frdrﬁ;::zmﬂow at RAPID streamflow routing model:
¥ Layer 2 Soil Motaure, W5 a flexible framework for simulating
on vector-based river networks at
large-scale.
Simulation Validation
* VIC+RAPID historic simulation for 1979-present, » Forcings (precipitation, temperature) versus gauge data
daily (GSOD, GHCN)
* Forced by ERAS5 precipitation and other meteorology « Streamflow versus gauge data (GRDC)
 RAPID streamflow simulation run for 65,000 river « Evaporation and soil moisture versus satellite estimates
reaches. Forced by VIC runoff. » Future validation for reservoirs (data from basin
* Quasi-calibrated parameters from global calibration management authority) .
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Annual Water Balance

Precipitation (mm/year)

1000

800

600

400

200

Monthly Water Balance

N
o
1

=mm Prec

—
o
1

Water depth (mm)

o
1

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

dSdt = change in storage (soil moisture, snow)

« Strong dry-wet gradient across the country

« Water balance driven by pattern of precipitation

« Evapotranspiration is about 75-80% of precipitation

* Runoff ratio is about 20-25%

- Baseflow is indicative of potential recharge

« Strong seasonal cycle from wet winter to dry
summer

« Strong depletion of soil moisture and snow




Annual Trend in the Water Balance

1979-2023
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SPI1

SPI » Precipitation-based indices (SPI) show little change — but
SPI1 reflects short-term (monthly) changes. SPI3 reflects
seasonal changes — correlated with soil moisture

SPI3 + Potential over-estimation of drying because of

operational data

with recent drying which is consistent with reported
ilMH W{il[ 1|||Ir M%UHI M“ illll WNI{\
Soil moisture index (top 30cm layer) shows drying since
i bl I‘i ||| I | |I Il [officonews. &
'llq ﬁj I[f "1.1’ ‘( '|I|l] ” |]||’ ‘l“\‘ NEWS BUSINESS SPORT CULTURE

Morocco droughts

(ref: Bijader et al 2018, Worldbank
SCENC report Dorte Verner et al., MENA
dev Report Verner et al 2012,
Mohamed Bazza et al. FAO 2018 )

— Fa

SPI3

impacts
e - . - about 2020

Water stress in Morocco has been exacerbated b y rising temper atures, which k

:
e
1 5

SM std. anom.

Last updated: 23/12 - 12:41

2004-2005
Marocco, where agricutur sheading: 2(006-2007 (extreme)
rought d uetoa drop n rainfall in recent months linked
Minister of Equipment and Water, Nizar Baraka, said on 2007 2008
"We have entered a critical phase after five consecutive y 20 1 1 -20 1 2
‘ has never experienced before," said Mr. Baraka at a pres 201 5 201 6 (march)
Rainfall has fallen by 67% in recent months compared wi
and "the last three months (fomO cober to December). 20718 (eXtreme)
another year of drought", the minister added.
90 2000 2010 2020 . 2022 (extreme)
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Comparison of model (uncalibrated) Model evaporation compared to GLEAM satellite-
with daily observed streamflow based product
Correlation 2.5
= . GLEAM (mm) VIC (mm)
g SEE 2l | J‘- . r-{ | | r\- N | N
A | 3 Wl L i
y E S ol AL e A R ‘L dIa
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A Sl Model top 10cm soil layer compared to ESA-CCI
i merged dataset (top 1-3cm)
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Reservoir Modeling —Al Massira

ecumersat @@esa

dam

Streamflow/Inflow |

Na tttrarrrtttt

Evaporation E

et

Storage S

Overflow O

Release/Water supply U

Height-Volume-Area

Relationship
- — /_g
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g oo
e
4 / -
24C /
0 < / + —-
| |

T
7% 100 125 | 150 Surfaces km?
137

cIreécoj ol (2800imiorup- 1 Yol sk 2. 8326 Ebucgriuzeéoie thgm

Flow [m3] Level [m] Storage [km3]

Flow [m3]

Release R

Irrigation supply, D

Assumptions

« Irrigation supply (D) = min(demand, f(S))
» Hydropower (H) = f(S)

Release (R) = (S, Q50)

Hydropower
generation H
_ NWM
1080 1990 2000 2010 2020
Water Level
T em 1990 2000 2010 2020
In Flow
g - T T T T T
o 1980 1990 2000 2010 2020
g § QOut Flow
§ -

2000
e S T e e g

I I I I I
1980 1990 2010 2020
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Irrigation management

e eumersat - @@ esa

FEST-EWB-SAFY

FEST-EWB: Flash — flood Event— based Spatially — distributed rainfall —
runoff Transformation — including Energy - Water Balance

SAFY : (Simple Algorithm For Yield Estimate)

Soil water

balance | Prot=R+ETof+D+(6p,1-6,)*Z

LE
Energy e ETeff = e
balance | R-G-H-LE=— é PP
Crop _ . LAI,
growth ADAM = APAR - Pgro_Lue - Fr(Ta)K, SM

«

3 F N

Carbari & Mancini 2022, {IRR); Corbariet al,, 2022 | =su
{AWM); Corbari etal., 2011, (H5J); Bottude et al.,
2018, Duchemin et al 2008

Corbari et al (2011) HYP ~ Corbari et al., 2015 (Jh)
Corbari & Mancini, 2014 (JHM)
Corbari et al., 2014 (HSJ)

= ol 4 J1 =

The irrigation strategies

—
=
=
=

[
@FAO approach
FC .

- " . . Y\ ’,'x.\ -
Optimal irrigation volume in between the two y\.,_\ / g
thresholds reducing the percolation flux Berd \/ \/ &

WP
0. = f(crop,cultivar,soil, climate) - . |
time

@Assimilation of SMAP/Sentinel1 downscaled Soil moisture
1km spatial resolution

The irrigation volume: additional water input that, considering
the water losses for drainage plus soil water storage, allows

SM restews = SM sagelite + ©
@ Assimilation of downscaled Sentinel3/2 Land surface temperature

30 m spatial resolution
The irrigation volume: additional water input that,
considering the water losses for drainage plus soil water

StOfE\QE, allows LE FEST.EWB — LE (LST) FESTresidual T €

18
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Sentinel2

Average vegetation fraction

0.2

0.1

103

0.2

0.1

[1]

In the last

three years
there was a
decrease in

the cultivated

areas;
Especially

during 2022

From mid-2020
ORMVAD stopped
providing water for
irrigation

Al Massira Dam, Morocco: Surface Water Area Over Time

Data Source: Deltares (using monthly JRC water accurtence deta for 1993-2015 and NASAIUSES, ESA satel
lue line shows a moving average, correcting for Tevels due to coud cover or

ooy 4p RESOUREEWATCH
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—@— SidiBennour —@— Gharbia —@— Faregh

==%--=SidiBennour —-# == Gharbia -=%--=Faregh

Official record from ORMVAD

1000.0

—&— Observed from satellite —&— Doukkala records
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Irrigation model validation

Evaporation —ameme Soil moisture
Zemamra |7 ewesn | MOD16 - 500 m - 04 | ~ Zemamra
g o MoD1E average 8 days <
E o 03
3 WaPOR - 250 m - <
*u“; i iccumulated 10 days = 2P,
% 0‘ ED.‘I
= ‘ ‘ | . % A
?I?Gﬁ 2018 2019 2020 2021 2022 2023 0

2017 2018 2019 2020 2021 20 22/ 2023

= FEST-EWB-LST ® SMAP/Sentinel1

« generally good correlations between FEST-EWB-FAO and

FEST-EWB-LST and the Wapor and lower with MODIS Error indicator _ FEST-EWB FEST-EWB-LST
Pearson correlation 0.60 0.59
) RMSE 0.063 m*/m? 0.064 m*/m?
* Low correlation maps between FEST-EWB-SM ET and the two
ET products
Error indicator ET dataset FEST-EWB FEST-EWB-LST | FEST EWB-SM Uncercentainties Idue to the Iovlv spat.lal resplutpn ofrsatelhlte {11krn (original
SMAP 25km) SM in respect to field dimensions, in this semi-arid context, and
: Wapor 0.71 0.77 0.29
Pearson correlation low temporal frequency
MOD16  0.74 0.73 0.31 —
RMSE Wapor 16.3 mm/month  14.9 mm/month 22.5 mm/month
MOD16  11.1 mm/month 11.2 mm/month 15.7 mm/month 20
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Monitoring irrigation: simulated

e eumersat - @@ esa

vs observed

Gharbia rainfall

2018-> wet year, lower
irrigation volume

i i

<071g

2021-> dry
years, lower
irrigation volume
due to a
decrease in
cultivated areas

<075

B FEST-LST = FEST-FAO water allocation

SMAP/Sentinel-1

Veur #ma | FEST-Soil moisture
images .
P - -Few images per year over Morocco area
2018 71 L ;
-small irrigated fields sourranded by
20 = dry areas, SM spatial resolution is
2020 60 limiting the procedure
2021 59
2022 40

- o= = 4 ]1 e

i

— um N b= B

Sentinel-3-Landsat8-9 FEST-LST

Year iiggg's -Few images per year over
Morocco area

2017 180

AV 150 -using the LE (LST) based,

2019 170 the whole soil layer involved

2020 126 in the crop

2021 125 evapotranspiration process

2022 135 is considered

FEST-FAO

-theoretical scheme, which could be a
good approximation of local
agriculture

-calibrated method for the
irrigation management

21

— 2 THE EUROPEAN SPACE AGENCY

N\ LA
S + m oew am I+l



Monitoring irrigation: simulated

vs observed
Volumes provided by ORMVAD Actually used volumes FEST-EWB(FAO) Actually used volumes FEST-EWB(LST)
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] 0-100 MM
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< i = [ 101-300 ; NS ¢f
%/ a ] 8
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L. Y 5 |
o |
i Sidi Smi
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? P3403

2017

B z01-500
Bl 501-670
Il 71 - 1000

1001- 1500 .
= 7

i‘/ The main problem is that these are not the real water volumes used for

ﬂ\% irrigation!

The allocated water for irrigation must be increased by the huge amount of water
pumped from groundwater wells

sssss

2021

PPPPP
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Important definition of the precise end-users needs as well as the continuous interaction
with them for growing the trust in the solution

Necessary integration of different satellite data (from visible, to thermal and microwave)
and modeling frameworks to provide a multi-scale monitoring, forecasting and
managment of water resources at multiple levels, especially where ground
measurements are scarce

Periodic droughts exacerbate the overall lack of water, which have persisted in the recent
~ 5 years.

Uncertainty in the estimates of crop irrigation water use/needs both provided by the
Irrigation consortium and from groundwater wells

Integrated water management across sectors is needed to provide sustainable provision
of water under increasing demand and climate change 23
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