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Online training :Addressing the Water-Energy-Food-Ecosystems (WEFE) Nexus in the
context of Climate change in the Mediterranean region (6-8 Dec.,2021).

Session 4 - Operationalization of WEFE Nexus in agri-food systems in Egypt
Impact of Nexus practices on the sustainability of Corn and Summer Legumes
Production

Darwish Saleh (Cairo University)
Professor of Agronomy
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Statement of the Problem

The decreasing acreage of cultivated land and summer legumes in Egypt necessitates adopting untraditional

solutions for upgrading the efficiency of utilizing the agricultural resources.

Excessive applied irrigation water and nitrogen (N) mineral fertilization are common agricultural practices that

often negatively influence soil and environmental quality in crop production systems.

Intercropping various crops in the same field upgrading the agricultural production particularly under limited

agricultural resources.

The intensification of cropping systems may be greatly compensate the shortages of production and
consequently the food and commaodities insufficient in Egypt.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Advantages of Intercropping

e 1-Higher Land Equivalent Ratio (LER) of intercropped production of
unit area than solid cropping systems.

 2-Intercropping reduces applied irrigation water.

 3-Intercropping reduces required mineral N fertilization.

4-Strenghten the advantages of multiple cropping pattern than mono-
crop systems .

5-Intercropped enhances soil productivity.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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C.F Metwally et al (2019)

The results show that legume as C3-crop has 33% of light saturation that
loses large amounts of carbon dioxide and consequently enhances total soil
phosphor (P-), nitrogen (N*), magnesium (Mg**) and calcium (Ca**). Corn
as C4-crop has 100% of light saturation that benefited largely from legume
photorespiration in photosynthesis process and consequently enhances total
soil potassium (K*). These results confirmed that intercropping legumes
with corn enhanced soil productivity especially under marginal and new
lands.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021 4



Horizon 2020 VW, SIG MA
“ Eurupean | European Union funding "
far

3 N THE MEDITERRANEAN AREA Commission Research & Innovation “ N ex u S

General Objectives

Elucidating the proper cropping pattern/s and cultural practices that will
maximize the productivity, land equivalent ratio (LER), irrigation water
use efficiency (IWUE) of intercropping corn with some summer food

legumes versus traditional practices in Al-Minia governorate.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Specific Objectives
Exploring the effects of corn/legumes intercropping patterns and cultural practices

that upgrading the LER and IWUE as follows:
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1-Saving 25% of adopting irrigation water (S) vs. Normal (N) watering regimes, by each 12 and 15 days,

respectively.

2-Using 2x 2 intercropping system (with 100% corn and legume plants) vs. solid planting of both crops.
3-Intercropping both soybean and mungbean with corn with different varieties and hybrids.

4-Using traditional ridges ( distanced 70 cm) vs. 140 cm growing beds.

5- Try to replacing some nitrogenous fertilizer with symbiotic N / natural Bio foliar application.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Materials and Methods
Three corn hybrids (EG 90, SC 10 and 30K 8), two of soybeans (G.111

and G. 22) and Qawmy 1 mungbean were evaluated under field

condition of Al-Minya Governorate of Middle Egypt.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021 11
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Experimental Design and Factorial Analysis:

* Split-split plot design with 2 replications field demonstration trial was
conducted at Al-Minya district of Middle Egypt.

1-Main plots assigned to irrigation with recommended normal
watering regimes(NWR) (= 8100 m3 per ha) vs. saving watering regime
SWR (75% of recommended WR = 6070 m3/ha): by irrigation in 12 and
15 days intervals, respectively.

* Traditional ridges distanced 70 cm vs. bed ridges were adopted which
may save additional irrigation water.

2- First split plots were occupied the intercropping (of 30 k 8 corn

hybrid vs. soybeans/ mungbean) vs. solid cropping pattern under bed
ridges.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021 12
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Croppings
Swstams

R1

(NWERFA)™

(NWERFA)®

R1
(SWERFA)®

(SWERSF)*

(SWRFA)®

3 Corn Hybrids
zobd each 4
ridgez dictanced

Corn  Cor

G.22

SC.10

30 kS

EG.%0

Q1

G.22

G.111

30K S
Q1

30K S

= G.22

30K S
= G.111

I11IMVERSE= Normal waterning regime. =each 12 days intervals, wath soil application of N fertificer. but SWRSF is stress wregime.

Z)MVEBEFA= Normal watering regime_. =ach 12 days intervals, wath foliar application of ... but SWRSF is stress wregime.

SIGMA Nexus | WEFE Nexus from Research to Practice|
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Land equivalent ratio (LER)

Land equivalent ratio (LER): It defines as the ratio of area needed under sole cropping to one of
intercropping at the same management level to produce an equivalent yield (Mead and Willey, 1980). It is
calculated as follows: LER = (Yab / Yaa) + (Yba/ Yob); Where Yaa = Pure stand yield of crop a (corn), Yes = Pure stand
yield of crop b (soybean), Yab = Intercrop yield of crop a (corn) and Yua = Intercrop yield of crop b (soybean).

Water relations

Irrigation water use efficiency (IWUE) values were calculated according to Bhattarai et al. (2006) as
follow: IWUE = (Ey/ Ir). Where IWUE is irrigation water use efficiency (kg/m?), Ey is the economical yield
(kg/ha) and Ir is the amount of applied irrigation water (m?).

-LER defines as the sum ratios of intercropped yields to those of solid counterparts.
- The IWUE is the ratio of economic yield (Kg/plot) to the amount of applied water (m3).

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 14
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Analysis of Variances

Significance of variances due different sources of variation of factorial statistical
analysis for yield /plot (10.2 m2) and estimates of land equivalent ratio (LER)
and irrigation water use efficiency (INWUE).

Sources of df Commn Legume LER IWUE
variation vield/plot kg | vield/plot kg
Cultural 3 1.643 ns 1.696* 1.072ns 0.288*
P.(CP)
Varieties (V) 2 14.922*=* 0.083ns 0.176ns 0.625**
CPxV 6 7.796* 0.148 0.135ns 0.280*

Ns, ¥ and ** indicate insignificance, significance at 5% and 1%, respectively.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Significance of variances due different sources of variation of split-split
experimental design for irrigation water use efficiency (IWUE).

Sources of variation df IWUE
Cropping patterns (CP) 4 57.654 **
Watering regimes & fert. (WR) 3 0.307 *
CPxWR 12 0.271 *
Varieties (V) 2 0.217 ns
(PxV 8 0.290 **
WRxV 6 0.068 ns
CPxWRxV 24 0.094 ns

Ns, * and ** indicate insignificance, significance at 5% and 1%, respectively.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Effects of cropping systems, watering regimes_(WR) and fertilizer.

application on IWUE of growing crops during 2021 summer season.
WR |Fert. App.| SCR | SLR | SCB SLB Inter
Noiiial So.il 2.043 1 0302 | 3.302 | 0235 | 3.338
Foliar | 1.976 | 0.455| 2902 | 0.198 | 3.420
R — So_il 2208 | 0448 | 3.272 | 0375 | 3.818
Foliar | 2019 | 0.593 | 2498 | 0462 | 3.653
Mean 2.990 | 0.450 | 2.993 | 0.318 | 3.558

SCR= Solid corn ridges. SLR= Solid legumes ridges. SCB=Solid corn beds. SLB=Solid

legumes beds. Inter=intercropping 30k6 corn hybrid with each of three legumes.

The interactive effects of cropping Systems, wtering regimes
and applied fertilizations on IWUE

IWUE

e
=]

0.0

m Normai Soil Fert

IIIII =0 W= IIIII _— Il‘ll
SCR SLR SCB SLB Inter

Cropping systems underinvestizated watenng regimes and fertiliztion.

m Normal Foliar Fert

m Stress Sod Fert mStress Foliar Fert m Mean

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Cultural Practices and intercropping effects on LER
Effects of watering regimes (WR) and fertilizer application on LER of
intercropped legumes crops under 30k8 com hybrid in soil beds during .
+/20271 summer _season.
WR Fert App | Mungbean | G.111 G.22 Mean
Norial Soil 1.365 1.210 1.385 1.32
Foliar 1.735 2.610 2.515 2.287
Slraas Soil 1.245 1.645 1.555 1.482
Foliar 1.760 1.610 1.725 1.698
Mean 1.526 1.769 1.795
SIGMA Nexus | WEFE Nexus from Research to Practice|
18

December 7, 2021
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Conclusion

* The Intercropping corn / summer legumes reflected in higher land equivalent
ratio (LER) which indicates proper utilization of available resources.

* The intercropped corn yield is higher than those of solid one due to its positive
response of light fertilization of corn as C 4 plants (intercropping environmet).

 However, legume plants affected negatively (relative solid counterpart) by
adopted the intercropping pattern of 100% plant density of both crops due
crowding in spite of their tolerance to light shading generated by corn.

* Cropping patterns in wider ridges (Bed) either solid or Intercropping greatly
recommended for saving 25% of irrigation water.

* Encouraging genotypic variability of both crops under different patterns and
practices could be observed.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021 22
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The obtained results will help to explore some approaches of WEFE nexus:
Water relationship :

Between corn and legumes productivities with cropping systems and furrow
systems.

* Determining varieties that saving water.

* Food relationship:

* Is intercropping will increase the productivity and diverse comodities.
* Ecosystem relationships:

* Intercropping will save fertilizers and insecticides.

* Intercropping will fix about 48 kg/ha from atmospheric nitrogen.

* Intercropping will reduce the evapotranspiration because the corn will shade on
soybeans.

* Energy relationship:
* Intercropping will increasing light fertilization.

3 N THE MEDITERRANEAMN AREA

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021 23
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Cropping Pattern Using WEAP Software
Presented By

Prof. Dr. Abdelazim M. Negm

Professor, Water and Water Structures Eng. Dept.,
Faculty of Engineering, Zagazig University.

WEF Nexus Project Coordinator

Dr. Maria Vrachioli
Technical University of Munich
Agricultural Production and Resource Economics

Prepared By Eng. Abir M Badr
PhD student
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Abdelazim Negm’s Short Biography
« 1-B.Sc. Degree in "Civil Engineering - Irrigation and Environmental 13- General Secretary of the committee of the Egyptian

. 2 . : : o _ _
Engineering" with average grade "Very Good with honors, with 84.5%". permanent promotion committee for Water Resources (51b) for

* 2-M.Sc. Degree in Civil Engineering (Irrigation and Hydraulics) from Ain promotion associate and professor positions and currently
Shams University, Egypt. And PhD degree in Hydraulics on 1992 from General Secretary of the committee (Cycle 2016-2019).

Zagazig University. L T
14- Member of the editorial board of several scientific journals
» 4-Professor of Hydraulics at Faculty of Engineering of Zagazig University

and Guest editor in others.
since June 2004. and Vice Dean for Academic and Student Affair _ L _
(12/2008-12/2011). 15- Member of the Int. Advisory Board/Scientific Committee of

_ _ _ several Int. Conferences.
» 6- Professor of Water Resources at Egypt-Japan University of Science _ _ _ _
and Technology (E-JUST) Since Dec. 2012 until Sept. 2016. 16- Associate Editor of Several International and local journals.

_ _ _ _ _ 17- Ex-Editor in Chief of EIJEST, Faculty of Engineering,
« 7- Chairperson of Environmental Engineering Dept. at E-JUST since . : :
March 2013 until March 2016. Zagazig University

_ _ _ _ _ 18- Editor of 35 books and published by Springer publishing Int.
» 8- Listed in (a) Marquis Who is Who?, (b) IBC's 2000 Outstanding

Intellectuals of the 21st Century , and (c) ABI directory for his achievement (10 of them about Egypt)
in the field of Hydraulics and Water Resources. 19- Reviewer for more than 50 international and national

journals.
o _ _ 20-Keynote speakers in several Int. Conferences
+ 10- Participated in more than 95 conferences and published about 400 21- Head of the Permanent Scientific Promotion Committee for
papers in national and international journals and conferences. In addition ead ot the Fermane cle _ ¢ Fro o_ on o eelo
to more than 40 book chapters. Water Resources (51b) for promotion associate and professors
positions (cycle from 2019-2022).

* 9- He was nominated for many other awards from both IBC and ABI.

+ 11-Awarded the prizes of best papers three times and the top reviewer 2
times (Publons.com). 3
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1. INTRODUCTION (Challenges)

Water Scarcity

Australia and New Zealand

Latin America and the Caribbean
North America

Europe and Central Asia

Sub-Saharan Africa 70% of NENA total area
5 . exists under desert and
East Asia and Pacific arid conditions

(including Japan and Koreas)

Western Europe , -l ‘

South Asia
Middle East and North Africa

T T T T T T T 1

(Source MWRI) 0 < 10 15 20 25 30 35 40

1,000 meters3/year

Groundwater abstraction as % of annual recharge
= - SR W e

GCC countries depending
100% on groundwater
irrigation

Since 1980s, Saudi Arabia
have induced an estimated

depletion of two thirds of
the country’s fossil water

|| 2-20
[ 20-50

.| | 50-100
B >100
[ INodata

s/ et aI.,/ 2011)

In Yemen the groundwater
table is falling by as much
as 6 m per year

(Ahtrony A. Jone

European
Commission

Horizon 2020
European Union funding

for Research & Innovation

MillionUSD

Food Security

%~ SIGMA
¢ Nexus

J0000

GOO00D

Sm03

AoV

SO0

L0000

- /’-J\/

s e
A N D S S et N W T DS R DS el NS WD ™S DD -
- W T W S e T TED P PO D PO T T T T .
TR REEAREEERRERE ERRNARRRRARRERR
e—

Export s Import (MWRI, NWRP 2017)

Increased climate variability and change

—a I I I I 567
—40-20-10 -5 -2 2 5 10 20 40
runoff (Milly et al., 2005) = year 2050

All of these problems lead to intensification of water scarcity

(Milly et al., 2005)
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1. INTRODUCTION (Egypt’s Water Resources)
Available water resources and uses in Egypt for year 2017 (source :MWRI)

Water Demand in Egypt 2017 (80BCM) Water Resources in Egypt 2017 (60BCM)

&

Agriculture

M Drink
M River Nile

B Ground Water
Industry

Rains

Evaporation

B Desalination
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Expected water resources and uses in Egypt for year 2050 (source MWRI)
Expected Water Demand in Egypt Expected Water Resources in Egypt
2050 (96.2BCM) 2050 (76.05 BCM)
/- 14% o8 e
\
Agriculture B Industry River Nile B Ground Water

Potable Water M Fish farms B Rains Reuse

Evaporation Treatment



%, SIGMA

PRIMA curopean | I,
pean Union rundin
- for Research & Innovation “ N exu s

== N THE MEDITERRANEAN AREA Commission

1.INTRODUCTION (Water Resources Management)

Supply side

Mismanagement or water Scarcity, challenges are there Good Management but it is difficult to maintain
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1-Introduction (Gap overcome -Water supply Side

BREAD & BUTTER

Shit Business is Serious Business

Non-conventional water
Waste water treatment plant
Desalination plant

‘Real" Required Water Trade between Regions in 2000 (Cereals)
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NORTH
NORTH SOUTH EAST ASIA
——
SOUTH
ASIA

Virtual water . RSN
«ed, over 5km/*y e
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1-Introduction (Wise Usage (water demand/consumption

Reducing food losses and minimize waste =
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1. Introduction (WR Gap Overcome Summary)

1. Adopting water saving strategies in all sectors to minimize water losses.

2. Canal Lining National projects similar to Irrigation Improvement Projects.

3. Developing nonconventional WR for the added agricultural lands

4. Adopting cost-effective water treatment technologies to increase the availability of non-
conventional water supply:.

5. Rainfall water harvesting
6. Adopting optimized crop patterns (less water consumption and high productivity).
/. Rehabilitation and enhancing the potable water network to reduce losses.

7. Increasing the surface water supply by enhancing the collaboration between Nile Basin
Countries and implementing water harvesting project in the upper Nile basin.
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I\/Iodellng EXisting Water Challenges using
Hydrological modelling

* Modeling Is a simplification of a real-world system.

» Hydrological Modeling: Simulation or simplified
representation (e.g., surface water, soil water, wetland,
groundwater, estuary) that aids in understanding,

predicting, and managing water resources to minimize
water shortage.

* Both flow quantity and quality of water are
commonly studied using hydrologic models. L
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Hydrological Models Classification 1/2

( HYDROLOGIC MODELS ]

)
! ! Process Description
Stochastic Deterministic
Model Model J J
Empirical || Conceptual || Physical

Spatial Discretization

y

Lumped

https://www.researchgate.net/publication/287374409 Impact_of land_use_change_on_hydrological systems_A review_of current_modeling_approaches/figures?lo=1

Semi-

Distributed

distributed
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Hydrologlcal Models Classifications 2/2

Hydrologic Models
Based on : Based on
Based on spatial Based on time aspect of
process. P . representation p
representation representation randomness
Semi- . . C e
_ Lumped Distributed Stochastic ||Deterministic
distributed
Physical Empirical || Conceptual || Dynamic Static

SIGMA
Nexus

https://www.researchgate.net/publication/320760918_INVESTIGATION_INTO_THE_EFFECTS_OF_CLIMATE_VARIABILITY_AND_LAND_COVER_CHANGE_ON_THE_HYDROLOGIC_SYSTEM_OF
_THE_LOWER_MEKONG_BASIN/figures?lo=1
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WEAP Model Development (General)

l Data collection l l

European
Commission

Water demand data Awash niver basin map “himatic data l Ivdrological data
Domestic Irmgation Rivers Catchments |’Ic‘tlpll.lll0n Tv perature \ucalnlh»\\

Development of WEAP model ’
l [ " Reference scenario 2016-2020
Qianaiis sl Medium-term development
Scenario development - .
P scenaro 2021-2030 ‘

l | Long-term development scenario |
(2031-2050)

Run the model

|

Results

https://www.researchgate.net/publication/335980523_ Water_Resources_Allocation_Systems_under_lIrrigation_Expansion_and_Climate_Change_Scenario_in Awaslf River_Ba
sin_of_Ethiopia/figures?lo=1
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Detailed Modeling Processes Using WEAP

ADDITION OF THE
BASE LAYER:
[BOUNDARY OF THE STUDY
AREA
-HYDROGRAPHIC METWORK

WEAP MODEL

. . DIGITIZING THE
INPUT DATA: ;
RAINF ALL DATA - MOLEL g
POPLLATION SIZE

EDITING WEAP ELEMENTS:
=DEMAND SITE
=SLUPPLY
~TRANSMISSION LINKS
PRAIRITIES FOR WATER ALLCUATION

ARRIGATED AREAS
-LIVESTOCK

-LUNIT NEED
~VOLUME OF WATER

DEVELOPMENT OF ASSUMPTIONS:

ANCREASE [N THE BEATE (FIFFULATION,
AGRICULTURE, LIVESTOCK )

WITHDRAWN
SETTING
SETTIMG THE TIME GEMERAL
HOR L0 PARAMETERS
CURRENT ACCOUNTS YEAR ‘
{2015) _
-LAST YEAR OF SCENARID
{20400

SIMULATION OF
WATER DEMAND
AND UMET
DEMANDS

RESULTS:
-WATER DEMAND
AINSATISFIED REQUEST

SCOMPARAISON BETWEEN SCENARIO |

CREATE AMD MAMAGE
SCEMARIOS:

-REFERENCE
STRONG DEMOGRAPHIC GROUTH
-EXTENSION OF AGRICULTURAL
LAND
-CLIMATE CHANGE
SOPTIMISATION SCENARIO

https://www.scirp.org/journal/paperinformation.aspx?paperid=107718
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REAL (UNKNOWN)
FLOW SYSTEM

Available measured

S

input

Initial estimates

of parameters ™|

NUMERICAL
MODEL

Horizon 2020

B o | e
Measured
utput
o Acceptable |  CALIBRATED
\
ERROR
ANALYSIS
Unacceptable PARAMETER
emor | ADJUSTMENT
Computed
output
New parameters

https://ars.els-cdn.com/content/image/3-s2.0-B9780123822253001729-f00172-03-9780123822253.jpg
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Examples of WEAP Scenario Analysis

Scenario analysis is central to WEAP. Scenarios are used to explore the model with an enormous
range of "what if" questions, such as :

What if population growth and economic development patterns change?

What if reservoir operating rules are altered?

What if groundwater is more fully exploited?, What if water conservation is introduced?
What if ecosystem requirements are tightened?

What if a conjunctive use program is established to store excess surface water in underground
aquifers?

What if a water recycling program is implemented?
What if a more efficient irrigation technique is implemented?

What if the mix of agricultural crops changes? , What if climate change alters demand and supplies?

How does pollution upstream affect downstream water quality?, How will land use changes affect
runoff?

20
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* WEAP WEBSITE
https://www.weap21.org/index.asp?action=200
* WEAP USER GUIDE
https://www.weap21.org/index.asp?action=208
* WEAP TUTORIAL
https://www.weap21.org/index.asp?action=213
* WEAP VIDEOS
https://www.youtube.com/c/WEAP-System

* WEAP PUBLICATIONS

https://www.weap2l.org/index.asp?action=216
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Ob|ect|ves Imgortance of Hydrologlcal modelling

o Developing the hydrological model is a helpful tool to maximize
the productivity of each cubic meter of water (assuming constant area)
considering the country strategic plans (water/agriculture) by
optimizing the crop patter to produce maximum profit with less water
consumption.

** Investigating the impacts of any expected future scenarios on the
optimized crop pattern.

** Studying impacts of climate changes (different scenarios) on the
optimized crop pattern and investigate and test mitigation and/or

adaptation strategies (changing Irrigation methods, changing crop
nattern (new ontimized one)l etec)
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2. OBJECTIVES - Phase I

v'Understanding water resources system schematic/balance
and components and the resulting productivities

v'Evaluating the used hydrological tool for proposing proper
solution to water shortage and low productivity in the
study areas.

vBuilding web GIS applications to facilitate
communicating model data
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2. Objectives — Phase Il
v Assessment of water resources (quantity and quality) and crop pattern
(productivity) in EI-Minia and Noubaria (Egypt) for different sources of

water.

v’ Simulate different scenarios to predict the future situation under climate
variability for both EI-Minia and Noubaria for a period from 2020-to

2050-2100) to decide the optimal crop pattern(s) over the these periods.

v Suggest mitigation/adaptation measures to overcome the water scarcity
and food shortage in case of using other crop patterns based on the
national strategies for agricultural production.
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3. STUDY AREA AND DATA USED for ElI-Minia GOVERNORATE
v' El-Minia is one of the most important governorates of Egypt
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36°0'

- ‘ ression
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> 52
:  EGYPT
-
E,i Western Desert
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v ElI-Minia covers about 56587 km2 and located in central
Egypt, north of Upper Egypt, on the western bank of the Nile,

Egypt.

v'It extended between latitudes 27°35' 32.39" and 28°46' 44.04"
N and longitudes 28°27' 51.90" and 32°34' 0.31" E.

v'its boundaries as follows: Bani Souef Governorate in the
North, Assuit and Al-Wadi Al-Gadid Governorates in South,
Eastern desert In the East and Al-Giza Governorate In the
West.



%~ SIGMA

Horizon 2020
EUI’DD EEEEEE ‘opean Union funding ‘

Commission for Research & Innovation “ Nexus

5 IN THE MEDITERRANEAN AREA

Avalilable data

v'The River Nile is considered the main surface water resource
for EI-Minia Governorate.

v'The nature of water resources in El-Minia Governorate is

characterized by the diversity of its sources, including
surface, groundwater and recycling agricultural drainage
walter.

v'The freshwater canals network in the study area are about
854 canals
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v'The governorate extends on the axis of the River Nile
from Km. 612 to Km. 760 North of Assiut Barrages on
the Nile are the controlling construction of the waters
of EI-Minia Governorate and the governorates
following it that irrigated from Al-Ibrahimia canal and
Its branches
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4. LITERATURE REVIEW of water quality models in El-Minia GOV.

A wide range of literature reveals were presented under the
following broad categories:

A. RBF and measurement of traced elements in surface water quality
(e.g. Shamrukh and Abdel-Wahab, 2011, Ghodeif et. al., 2016)

B. GIS Models, (e.g. EI-Ammawy et. al., 2020, Shehata et. al., 2019)

C. Integration of DEM, Statistical Analysis and GIS, (e.g. Sallam, et. al.,
2020, Ahmed, et. al., 2019)

D. Integration of Remote Sensing and GIS. (e.g. Yousif, et. al., 2018)
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5. Methodology

(Recalling slides 17 and 18)
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WEAP Hydrological Modeling Steps

WEAP applications generally include several steps.

Study definition: The time frame, spatial boundaries, system
components, and configuration of the problem are
established.

Current accounts: A snapshot of actual water demand,
pollution loads, resources and supplies for the system are
developed. This can be viewed as a calibration step in the
development of an application.

Scenarios: A set of alternative assumptions about future
impacts of policies, costs, and climate, for example, on water
demand, supply, hydrology, and pollution can be explored.
(Possible scenario opportunities are presented in the next
section.)

Evaluation: The scenarios are evaluated with regard to water
sufficiency, costs and benefits, compatibility with
environmental targets, and sensitivity to uncertainty in key
variables.

é\g

Defining the
hydrologicsystem

Defining the water WEAP Model W
resources system design

Model calibration
& validation

Simulation

&

Define baseline
scenario

Analysis and
results

Model refinement

Define possible
scenarios

https://www.researchgate.net/publication/317901090_Application_of Water_Evaluation_and_Plannin
g_Model_for_Integrated_Water_Resources_Management_Case_Study_of_Langat_River_Basin_Malaysi

a/figures?lo=1
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Challenges facing us in WEAP
* When importing stream's shapefile from the Arc Map on
WEAP program, it wasn't read correctly, so we search and It
was found that was due to the difference In the projection

system, as the WEAP uses the un-projected system but GIS
uses projected system.

* WEAP inputs need canals discharges, and these data could
not be obtained as It Is not available, so the possibility of
using canal's crop pattern structures, consumptive use for

each crop and the areas planted with crops was found to be
able to overcome this challenge.
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Achieved Tasks: General Workflow
/ \ Water Allocation Model

Schedule for Operations

Water accounting data

Outputs > Statistics

Reports

R L Values of Decision Variables,
*weather, _ A Performance Indicators
J!Gmundwatev &
return flow, e (780
S22 (70 Wastewater Trestment Plant
* losses, ¢
Sto rage E —Menia_canals_10
sgroundwater A4
flow
{ i 3 ’ v ‘
pesticide ' 4 e Tradeoff Analysis
| ,V

esurface runoff, ] s
= b
ereservoir 1 [
~crop growth Inputs
and irrigation,
ereach routing, Post-processing:
nutrient and 3 /_/  Statistical Analysis
|Oad i ng y WEAR: 202101 Avea: E-Menia-WGS4 1 Scenario 2015-2020 (monthly) Licensed to: AbirBad, Zagazig Univesity, Eqypt, unti TTT J0 gty L G |S M a pS
N / .
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Step (1) Drawing limits of the study area on Google Earth pro

- Google Earth Pro
Eile Edit View Tools Add Help

¥ Search

Get Directions History
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Step (2) Drawing whole canals and drains of EI-Minia study area on Google Earth pro
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Step (3) Import
the limits on
ArcMap (vol. 10.3)
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Step (5) Generate geodatabase for the streams including all data
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Step (6) Import the Shapefiles on WEAP

European
Commission

Horizon 2020
European Union funding
for Research & Innovation

W WEAP: tt
Area  Edit

View General Schematic Tags

Advanced Help

& — River

Diversion

b1 A Reservoir

i1 Groundwater

® Other Supply

1@ Demand Site

1@ Catchment

i1 @ Wastewater Treatment Plant
- - Runoff/Infiltration
&4 — Transrission Link
&4 — Return Flow

M Run of River Hydro
A% Flow Requirement
b Streamflow Gauge

fo)

WEAP: 2021.0  Area: tt

M — Menia_canals_7 ~
M — Menia_canals_6

M — Menia_canals_3

M — Menia_canals_4

b — Menia_canals_3

M — Menia_canals_2

M — Menia_canals_1

& — Rivers

14 Cities

W] States

& Countries k4

Tags: + = ¥

&7

<

A

Water Evaluation And Planning System

T

Type here to search

£

1 Scenaric 20153-2020 (monthly) Licensed to: Abir Badr, Zagazig University, Egypt, until T-TT .12 gulg

%~ SIGMA
“g Nexus

41



P R I M A m European Horizon 2020 wﬁog SI G MA

= European Union funding ‘ N
3 IN THE MEDITERRANEAN AREA Commission for Research & Innovation ‘ exu S

Step (7) Classification of canals to categories according to their deqree on WEAP

W WEAP: EI-Menia-WGSe4 - O X

Area  Edit View General Schematic Tags Advanced Help
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Step (8) Drawing the streams on WEAP
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Step (9)

Node and link network
schema conceptually
represent spatial
distribution of stream
components showing Its
source and Its
destination
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Step (10) Sample of the obtained canals stream maps in EI-Minia Region

W WEAP: EI-Menia-WGS84 - O *

Area  Edit View General Schematic Tags Advanced Help

bA — River (1)
=\.; &4 — Diversion (523)
A Reservoir

M Groundwater

4 ® Other Supply

&4 @ Demand Site

® Catchment

& @ Wastewater Treatment Plant
b4 -~ Runoff/Infiltration
&4 — Transmission Link
A — Return Flow

& mmRun of River Hydro
M % Flow Requirement
& # Streamflow Gauge
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WEAP: 2021.01  Area: EI-Menia-WG584 1 Scenario  2013-2020 (monthly) Licensed to: Abir Badr, Zagazig University, Egypt, until T-TT .10 gule
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Coming Next

Once we have finished building the model and entered the inputs,
the following task will be achieved:

* Model Calibration (Slid 19).

* Eva
* Eva
* Eva

uation of t
uation of t
uation of t

scenarios.

ne existing crop pattern.
ne proposed scenarios.

ne climate change impacts on the proposed

 Recommending the set of optimized crop pattern(s) over time
and space.
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Expected Modeling schedule to Produce Optimized Crop Pattern(s)
/
Build
* Landuse . Development * Run the scenarios,
- Water quantity . Model and make the
contribution evaluate the scenarios
- Water resources conceptual present e
. . ySIS
« Demand & supply WEAP Model Situation and
conclusion
-

6 months
(3 for each case 8 months 8 months 6 months
study) (4 for each case (4 for each case (3 for each
study) study) case study)
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Expected Results

*Through the WEAP model, it is possible to simulate the hydrological
changes for the study areas for the period 2016-2050 and for different
climate scenarios (favorable, intermediate, extreme).

*The analysis of the results aims to investigate trends in variables and the
required amount of water for irrigation under all tested conditions.

*The results are expected to obtain different scenarios for crop pattern to
give the highest productivity on water resources availability as well as the
country strategic plans.
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7. CONCLUSIONS

- WEAP with its capabilities is suitable for the study area according to the
available hydrological data.

- Testing the climate change different scenarios will be useful for the future of

the study area to meet the farmers expectations and to achieve Egypt’s agenda
2030 for the area.

- Coupling other models with WEAP could enable us to investigate other
aspects as water quality and ecosystems.
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Agenda

* Introduction about Remote Sensing
* Remote Sensing in NEXUS
e A case study in the South of Egypt — El Minya Governate

* Conclusion - Advantages and Challenges -
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Geomatics, Remote Sensing, GIS, GPS ?
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Geomatics, Remote Sensing, GIS, GPS

Where?

SIGMA Nexus | WEFE Nexus from Research to Practice|
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Geomatics, Remote Sensing, GIS, GPS ?
Location itself has no meaning?

3' IN THE MEDITERRANEAN AREA

-
S

Wetlands

New forest or a cut
down forest?

o WO
- e

‘-I- Hospital

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021



Geomatics, Remote Sensing, GIS, GPS ?

Geomatics enabled information —
communication Device

GIS, RS, GPS

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Geospatial Information Cycle

Capture Process Share Deliver Valuable
Information

Web

High
Server
. Value
c
(3]
=
7
Remote Sensing %
=
Photogrammetry 2
E
(6]
Sensors T Low
Value

Geospatial Information Value Chain
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What is Remote Sensing? Look-Look, NO Touch

= REMOTE SENSING includes all methods and techniques used to gain qualitative and quantitative

information about distant objects without coming into direct contact with these objects.

v

Electromagnetic Radiation

Receiving Station

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 -
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vwhat IS Remote Sensing?

= The information needs a physical carrier to travel from the object/events to sensors through an

intervening medium.

= The Electromagnetic radiation is normally
used as an information carrier in remote

sensing.

" Skyscrapers

Humans

* The output of a remote seining system is Fingernai

inhead

uc!erium‘
ELECTROMAGNETIC SPECTRUI Virus ‘

The diagram shows the entire spectrum of

usually an image representing the scene

being observed.

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 L



What is Remote Sensing?

Energy Interaction
Source with the
atmosphere
.\‘
Interaction

with target

Ground Center Processing

SIGMA Nexus | WEFE Nexus from Research to Practice|
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Passive and Active Sensors

Passive Sensors

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Active Sensors
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What is an image

= Data that are organized in a grid of columns and rows (a grid of pixels).

» Each pixel stores a digital number (DN) measured by the sensor.

2D View #1 - ERDAS IMAGINE 2011

2D View #1 - ERDAS IMAGINE 2011

& CCRSICCT

BS | 2551221 O

17 (170( 1189 68

238|136 0 | 235

B85 M70(136| 238

221|868 119|255
19221117 |136

SIGMA Nexus | WEFE Nexus from Research to Practice| 15
December 7, 2021
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What is an image

= The information inside the pixel is the result of measuring the light reflected from the target. It start

from a narrow wavelength range is gathered and stored in a channel, also sometimes referred to as a
Wavelength

TV/Radio
The Electromagneti MS)
Gamma Rays X-Ray Ultraviolet Infrared Microwave

N

isible

‘.

0.4 micrometers 0.7
SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 16
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I

Satellite Characteristics

= There are several factors to consider when choosing a remote sensing system for a particular
application.

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021

17



PRIMA L — % SIGMA

European Union funding
S N THE MEDITERRANEAN AREA

Commission for Research & Innovation “ N ex u S
Satellite Characteristics

= Spatial Resolution: the area on the ground represented by each pixel. Expressed as the smallest
object that can be detected by the sensor

Spatial
Resolution

Remote
Sensing
System

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Satellite Characteristics

= Spectral Resolution: the specific wavelength intervals that a sensor can record.

Spatial
Resolution

Remote
Sensing
System

The Electromagnetic Spectrum

Bands

0.4 pm 0.71m
Spectral \ Black & VWhite Blue+Green+Red
) | Film
Resolution
0.4 0.5 0.6 0.7
Colour
Film Biue |Green| Red

T CCRS FCCT

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 19
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Satellite Characteristics

= Radiometric Resolution: describes its ability to discriminate very slight differences in energy. Number

of bits controls the range of possible DN values in a band

Spatial
Resolution

Remote
Sensing

System

¥ 4 -levels

\

Spectral I
' 8 -levels

Resolution " 16 - levels

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 20



P Horizon 2020 S I G M A
R I M A m European European Union funding
E’ IN THE MEDITERRANEAN AREA

Commission for Research & Innovation “ “ N exu S
Satellite Characteristics

= Temporal Resolution: how often a sensor obtains imagery of a particular area. Each collection method
has a unique revisit time.

Spatial

Resolution

Remote
Sensing

Spectral

Resolution

= CCRS FCCT

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 21
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Common Satellites WorldView 3

Origin: USA
Date: 2014
Spatial Resolution:

1.5x1.5 m (multispectral)
0.3x0.3 m (panchromatic)
Spectral Resolution:

8 bands

Temporal Resolution:
Less than one day

SIGMA Nexus |WEFE Nexus from Research to Practice|

December 7, 2021 22
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Common Satellites

Origin: USA
Date: 2013
Spatial Resolution:

30x30 m (multispectral)

15x15 m (panchromatic)

Spectral Resolution:

11 bands

Temporal Resolution:
Every 16 days

pt,The Pmramids _
us | WEFE Klexus from Research to Practice|

December 7, 2021 23
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Common Satellites

A ’ e A X e ‘
(8)
B

Rl

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021

Origin: France Airbus
Date: 2015

Spatial Resolution:
10,20to 60 m
(multispectral)
Spectral Resolution:
13 bands

Temporal Resolution:
6 days

24
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Agenda

* Introduction about Remote Sensing

* Remote Sensing in NEXUS

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Remote Sensing in NEXUS

= To support the NEXUS approach we need evidence based monitoring tools that can provide policy

makers, conservation managers, entrepreneurs, scientists and the general public with information on

the state, pressures and associated changes in the environment.

= Satellite imagery can provide information at appropriate spatial an

temporal resolution that can support evidence based monitoring .

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Remote Sensing in NEXUS

= Remotely sensed information can help to provide information on e.g. land cover and

bujeasan

associated dynamics such as urban sprawl, surveying terrain conditions such as soil

moisture conditions and erosion hazards associated within catchments, sea level rise

and changing coastlines, and on many aspects of the vegetation (natural and

agriculture), such as plant traits, phenology and plant growth.

= Remotely sensed information can in general make field surveys and monitoring more

effective, and can thoroughly support decision making.

Buyeassumoq

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Remote Sensing in NEXUS

= Talking About Agriculture, there are many vegetation indices, which can subsidize crop management
decision-making such as:
1. Normalized differential vegetation index (NDVI):
NDVI is commonly used to assess the impacts of drought in agricultural areas and to understand the
crop response to water availability. It has a positive correlation with biomass. Studies have shown that
such index is more sensitive to early plant growth stages.
2. Soil Adjusted Vegetation Index (SAVI)
SAVI is an index designed to consider soil effects on analyzed images if the land surface is not fully
covered by vegetation. On other word, SAVI is used to correct Normalized Difference Vegetation Index
(NDVI) for the influence of soil brightness in areas where vegetative cover is low.
3. Moisture stress index (MSI)
MSI index quantify plant physiological stress due to water loss, detecting changes in relative water
content in leaves. MIS is A good predictors of water potential in vegetation canopy.
4. Red-edge Normalized Difference Vegetation Index(RENDVI)
5. Normalized Difference Infrared Index (NDII)

SIGMA Nexus |WEFE Nexus from Research to Practice|

December 7, 2021 28
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1 Normalized differential vegetation index (NDVI)
v NDVI is used for mapping vegetation cover and land NDVI = (NIR ~Red)
i (NIR + Red)
Cover change detection. x
v' Good indicator for Climate Change, Desertification, .
Fire Prediction. y % =
v It’s good indicator for vegetation health. 5w g = =
m O
v" The threshold varied between -1 to 1 (Stancalie

et al. 2014)

\/
0‘0

) 4

L)

4

) 4

L)

4

.0

L)

Negative values below 0 indicate clouds
and water
Positive Values close to zero indicate bare

soil
0.1 to 0.5 indicate sparse vegetation
> 0.6 indicate dense vegetation

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021

Dead Leaf Stressed Leaf Healthy Leaf
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Remote Sensing in NEXUS
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Bands Algebra
Vegetation
Soil
Water

L 1 L L 1

04 06

08 10 12 14 16 18 20
Wavelength (micrometer)

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021
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. . Bands Algebra
Remote Sensing in NEXUS &
HEALTHY VEGETATION
—> TM Band 4: HIGH Value
TM Bands
—> TM Band 3: LOW Value
60 TM Band 4 - TM Band 3
o = HIGH VALUE
£
g
1] DRY SOIL
o -
) TM Band 4: MODERATE Value
> TM Band 3: MODERATE Value
0
0.4 0.7 TM Band 4 ~-TM Band 3
Wavelengths in microns
= LOW VALUE
SIGMA Nexus | WEFE Nexus from Research to Practice| 31
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* Introduction about Remote Sensing

* Remote Sensing in NEXUS

* A case study in the South of Egypt — El Minya Governate
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Remote Sensing in NEXUS A case study in Egypt

= Satellite: Sentinel 2, The mission supports a broad range of services and applications such as

agricultural monitoring, emergencies management, land cover classification or water quality.

Satellite Characteristics :

1. Spatial Resolution: 10,20 to 60 m Spectral Bands Wavelength (nm) Spatial Resolution (m)
S Band 1 (Aerosol) 443 60
2. Spectral Resolution: 13 bands Band 2 (Blue) 490 10
) Band 3 (Green) 560 10
3. Temporal Resolution: 6 days Band 4 (Red) 665 10
Band 5 (Vegetation Red-Age) 705 20
Band 6 (Vegetation Red-Age) 740 20
Band 7 (Vegetation Red-Age) 783 20
Band 8 (NIR) 842 10
Band 8A (Vegetation Red-Age) 865 20
Band 9 (NIR) 945 60
Band 10 (MIR) 1375 60
Band 11 (MIR) 1610 20
Band 12 (MIR) 2190 20

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021 39
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Remote Sensing in NEXUS A case study in Egypt

Changing Detection period: From 2017 until 2021

Desired Months:

January Winter Season Growing
April Winter Season Harvest
July Summer Season Growing

September Summer Season Harvest

October Late Summer Growing

Season

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Remote Sensing in NEXUS

e Jan 2017
e Jan 2018
e Jan 2019
Pre ' * Close to Zero
Processing
e Band 1
Pre e Band 2
Processing e Band 3 ....
e Band 13
Pre
Processing * El-Minya
Governate
Pre e EI-Minya

Processing Sectors

A case study in Egypt - Methodology




Remote Sensing in NEXUS

A case study in Egypt - Methodology

e El- Minya Sector

R ow
1
. * NIRGB 2
Processing 2
_ (NIR - Red) 4
Processing NDVI = (NIR + Red) b
e Class 1: Water or Clouds
Processin e Class 2: Bare Soil
g e Class 3: Sparse Vegetation
e Class 4: Dense Vegetation
Processing

Processing



Remote Sensing in NEXUS

A case study in Egypt - Results

Normalized differential vegetation index (NDVI)

El Minya Governate — Samalut Sector NDVI -1-2017
Jan 2017, Jan 2018, Jan 2019

NDVI - 1-2018 NDVI - 1-2019

; . NDVI
sl Classification
. Compute
Processing

Classes Area

Legend
Class_Names

.,
on

mm Water or Cloud

Bare Soil
Sparse Vegetation

== Dense Vegetation

Class_Names

== Water or Cloud

e Meters Bare Soil
I . Sparse Vegetation
== Dense Vegetation
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Remote Sensing in NEXUS

A case study in Egypt - Results

Normalized differential vegetation index (NDVI)

El Minya Governate — Samalut Se
Jan 2017, Jan 2018, Jan 2019

. Change
Processing Detection

e Class 1: Water or Clouds

e Class 2: Bare Soil

e Class 3: Sparse Vegetation
e Class 4: Dense Vegetation

ctor

The Vegetation increased in 2018 and 2019

compared with 2017.

20000

18000

16000

14000

12000

10000

AREA/Ha

8000

6000

4000

2000

0

.  F ¥

Class 1

Change Detection - NDVI

Class 2

Class 3

Class 4

m1 2017/ha

531.12

18451.5

13651.9

14208.8

m 1 2018/ha

351.84

16620.2

13847.2

16020.1

m1 2019/ha

371.06

16773.3

13412.1

16284.9

SIGMA Nexus | WEFE Nexus from Research to Practice|

December 7, 2021
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Remote Sensing in NEXUS

Normalized differential vegetation index (NDVI)

El Minya Governate — Samalut Sector
Jan 2017, Jan 2018, Jan 2019

Change

Processing e NDVI

Detection

= About 19 % decreased in NDVI threshold. On the other
hand, there was 25% increased

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021

Diff. 2017-2018

o

A case study in Egypt - Results

5000

5000

Increase

Decrease
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Remote Sensing in NEXUS

A case study in Egypt - Results
Normalized differential vegetation index (NDVI)

El Minya Governate — Samalut Sector
Jan 2017, Jan 2018, Jan 2019

Jan
2017

Jan
2018

SIGMA Nexus | WEFE Nexus from Research to Practice|
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Remote Sensing in NEXUS

Normalized differential vegetation index (NDVI)

El Minya Governate — Samalut Sector
Jan 2017, Jan 2018, Jan 2019

Change

Processing e NDVI

Detection

= About 18 % decreased in NDVI threshold. On the other
hand, there was 27% increased

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021

A case study in Egypt - Results

Diff 2017 - 2019

Increase

Decrease
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Remote Sensing in NEXUS

A case study in Egypt - Results
Normalized differential vegetation index (NDVI)

El Minya Governate — Samalut Sector
Jan 2017, Jan 2018, Jan 2019

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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Remote Sensing in NEXUS

A case study in Egypt - Results
Normalized differential vegetation index (NDVI)
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Remote Sensing in NEXUS .
A case study in Egypt - Results

Normalized differential vegetation index (NDVI)

El Minya Governate — Zemam Sector s
Jan 2017, Jan 2018, Jan 2019

Change Detection - NDVI

20000

= The Vegetation increased in 2018 and
2019 compared with 2017. 15000

AREA/Ha

e Class 3: Sparse Vegetation -
e Class 4: Dense Vegetation

5000

0
Class 3 Class 4
m1_2017/ha 16060 7494.29
m1_2018/ha 19636.8 8242.3
®1_2019/ha 21108 9675.66
SIGMA Nexus | WEFE Nexus from Research to Practice| 46

December 7, 2021



Remote Sensing in NEXUS

A case study in Egypt - Results
Normalized differential vegetation index (NDVI)

Diff. 2017-2018
El Minya Governate — Zemam Sector

Jan 2017, Jan 2018, Jan 2019

= About 0.34 % decreased in NDVI threshold. On the
other hand, there was 0.5% increased

= Moreover, it increased more in the comparison about 5
% between 2017 and 2019
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Remote Sensing in NEXUS

A case study in Egypt - Results

Normalized differential vegetation index (NDVI)
Jan 2017 Jan 2018 Jan 2019

Diff 2017 - 2018 Diff 2018 - 2019 o Diff 2017 - 2019

SIGMA Nexus | WEFE Nexus from Research to Practice|
December 7, 2021
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* Remote Sensing in NEXUS
e A case study in the South of Egypt — El Minya Governate

* Conclusion - Advantages and Challenges -
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Remote Sensing in NEXUS
Conclusion - Advantages

= Remote Sensing is a fast information processing technology which can survey large and
inaccessible areas saving more time and resources.

= Remote Sensing works as a monitoring and evaluation tool to track and maintain the plans of
countries and organizations.

= [ntegrating between Remote Sensing and WEFE Nexus allows policy makers to tackle worldwide
challenges like Food Hunger, shortage in Water and Energy ...etc.
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Remote Sensing in NEXUS

Conclusion - Challenges

= The captured satellite images requires huge storage capacity.
= To process this amount of huge data, massive processing power is required.

= |n order to get more information regards the types of crops that have been cultivated, advanced
tools are required to collect the spectral signature for each crop to produce the classified maps.
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