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ABOUT US

Our philosophy, partners, and services



OUR PHILOSOPHY

The Middle East and other regions in the world are
suffering from an expanding population, dwindling water
resources, and an increase In the frequency of conflicts,
thereby threatening food and global security. Monitoring
water use and stress at the field scale is of great
Importance to the success of agriculture in such areas.



OUR PILLARS

Remote Sensing
Smart Irrigation
Water Resources
Big Data
Software

(% AUB

DEPARTMENT OF
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OUR RESOURCES
GRADUATE STUDENTS/ RESEARCHERS
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OUR SERVICES
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Agricultural Studies

Climate Change Impact Studies
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Conflicts, Food & Water
Security Studies

Hydrology & Floodplain Studies
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GIS and Remote Sensing

Irrigation System Design
Rehabilitation & Development



RESEARCH

Current projects and applications



RESEARCH
WHAT SETS US APART?

Research for Social Good

Applications of GIS and remote sensing in smart irrigation, food
security, and water resources management

| | |

Informed Action Motive Responsiveness
We combine remotely We aim to utilize and We work directly with farmers
sensed data, satellite manage water resources and stakeholders and generate

imagery, and local for sustainable crop tools to help the user community

knowledge production combat pressing challenges



nature * scientific data > data descriptors ? article

R E C E N T R E S EA R C H Data Descriptor | Open Access ‘ Published: 12 August 2019

GCN250, new global gridded curve numbers for
(G lobal Im paCt hydrologic modeling and design

Hadi H. Jaafar &, Farah A. Ahmad & Naji El Beyrouthy

@] ) https://jaafarhadi.users.earthengine.app/view/hydr

Experimental

Earth Engine Apps

GCN250m: Global
Hydrologic Curve
Number Explorer

This interface allows users to visualize the gridded
hydrologic curve number dataset at ~250m
resolution globally. Use the mouse-wheel to zoom in
and out and click the map to query a wet, dry, or
average antcedent runoff conditions.You can also
zoom to a specific country of interest

Version 1.0

Please cite: Jaafar, H. H., Ahmad, F. A, & El
Beyrouthy, N. (2019). GCN250, new global
gridded curve numbers for hydrologic
modeling and design. Scientific data, 6(1),
1-9.
https://www.nature.com/articles/s41597-
019-0155-x

Select layer:

Choose a runoff condition... %

Lay arency can be changed at the top-right of the

Zoom to Country:

Choose a country ... 5

appinican
walic

E=Zoerto Rico

For more information:

Curve numbers for Hydrologic Runoff ’ " ’/‘ Caracas .,
based on GLCC Cose iea & <

Manuscript 13



RECENT RESEARCH (Global |

Article
GYMEE: A global field-scale crop yield and ET mapper in
Google Earth Engine based on Landsat, weather and soils data

Hadi Jaafar * *, Roya Mourad!

1 Department of Agri

Faculty of Agricultural and Food Sciences, American University of Beirut, Bliss

St., Beirut, 2020-1100, Lebancn, hj0l€aub.edulb, Corresponding Author
* Correspondence: hj01@aub.edu.Ib; Tel.: +961-1-350-000




ACTIVE PROJECTS

5%
INTERMATIONAL
— SECURITY ANMD
Ministry of Foreign Affairs . E“R!M“CA I S D c centen
Netherlands
ey Seeds for
MuSLI RS T Recovery
WATER
USDA | M
— I [HE Dt
o TR e e o for International
Cultural Omanizaton  «  In partnership wih UNESGE Development

Characterizing Field-Scale
Water Use, Phenology and
Productivity in Agricultural
Landscapes using Multi-
Sensor Data Fusion

Integrating Time Series
ET Mapping into
Operational Irrigation
Management
Framework

Talanoa Water Dialogue
for Transformational
Adaptation to Water

Scarcity Under Climate

Change

The Long-Term Impacts
of a Complex
Agricultural Intervention
on Welfare, Behavior
and Stability in Syria

TIDES /

A Faree for Sacial Good

SPIRM

Google.org

Smart and Precision
Irrigation with Remote
Sensing & Machine
Learning






FIELD WORK 03

Micasense multispectral and thermal sesnor




Access the full list of projects and publications on our
website

See the world through

AgHive

sites.aub.edu.lb/aghive/



HSEB: A global 30-m ET model using .
harmonized Landsat and Sentinel-2, .
MODIS and VIIRS

A global 30-m ET model (HSEB) using
harmonized Landsat and Sentinel-2, MODIS and
VIIRS: Comparison to ECOSTRESS ET and LST

($AUB AgHive



Outline

Introduction

Why measure ET?
. + How to measure/estimate ET?

Methodology

HSEB Model Description

Input Data .
Thermal Sharpening

HSEB ET validation

Results

HSEB ET performance
HSEB ET benchmarked with ECOSTRESS ET
Assessment of sharpened LSTs
® Impact of LST on HSEB ET results .
Applications and Conclusions



INTRODUCTION

Why Measure
Evapotranspiration (ET) in
Agricultural Applications?

= [rrigation management

= Monitoringdrought and crop
stress

= Yield prediction

= Water use accounting (crop
per drop)

= Water rights regulations and
planning o
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HSEB Model Description

R —G=H+LE

= Components of the radiation balance are used to determine

; the net radiation (Rn) — SW J oo, g, Ts, LW l

R,=(1-0) SWJ + ¢ LW{ - LWT

= The ground heat flux (G) is parameterized as a function of
fractional cover — LAI/NDVI relationships

METHODOLOGY



METHODOLOGY

HSEB Model Description

= HSEB calculates H using similarity theory

3

— Uy

Various sub-modules for calculating needed
components...




METHODOLOGY

‘ _
Input Data

- HSEB model leverage
globally available state-of-
the-art thermal, surface
reflectance, reanalysis, &
land cover datasets in
Google Earth Engine (GEE).

&

* Google Earth Engine

Data layers Source Resolution
-
Landsat-7 & 8 /
VIIRS-
Land Surface VNPO2NVIIRS- | 20108/
Temp VNP21/ /MODIs- | 37> M 750
m/1000m
erra
(MOD11A1.006) |
Surface Eandsat-4,5,7 &
reflectance 8/9/Sentinel-2 0 AG RO
MeL ol ECMWF 0.29/0.1°
forcing
.
Elevation SRTM 30 m
o
Landcover CGLS-LC.IOO 100 m




FIELD-SCALE

METHODOLOGY

DAILY i
EVAPOTRANSPIRATION
SW/TIR Sub-Weekly 10- 30 m ET
ERA-5 ] ogpemas :
 MOIDS.52 DS
~ Landsat GLCI00




sharpened with e
harmonized SR data from Landsat, S-2,

& DEM.
Random forest sharpener or TsHarp
algorithm

VNPO2 09/06 VNP21 09/06 .
10m-Sharpened LST (K): © 3367331 © 327 = 322 318 =310 m303 '/_\)




"HSEB comparison with
ground observations .

> —

(D = HSEB is validated over
2018-2020 with 2181
observations from 29
flux towers

« HSEB was constructed
over target investigated
sites (US, EU, and Lo H
Australia) .

METHODOLO




All Biomes Croplands Non-Croplands

.~ 164RMSE: 1.31 161 RMSE: 1.39 RMSE: 1.24
r: 0.80 r: 0.82

12{ NSE: 0.59 NSE: 0.62
Bias: 9% - Bias: -0.6%"

HSEB performed well in all
conSidered*biome types
and climatic conditions
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Measured ET (mm/d)

RMSE averaged at 1.31

mm/day

() All Biomes

80 1RMSE: 7.42
r: 0.87

60 {NSE: 0.74
Bias: 1%

40 60
All Biomes

| RMSE: 29.96
3004r: 0.9

[NSE: 0.8

| Bias: -0.9%
2004 %

Croplands

| 80{RMSE: 7.98

r: 0.86
| 60-NSE: 0.71
Bias: 6%

Croplands
| RMSE: 26.17
1300r: 0.91
\ NSE: 0.81
Bias: 4%

Measured ET (mm)

Non-Croplands

1 80{RMSE: 6.9

r: 0.89
60 4NSE: 0.76
Bias: -3% .

40 4

60
Non-Croplands

RMSE: 27.62
13004r: 0.9

NSE: 0.79
| Bias: -5%
{200 4




demonstrate good
agreement between HSEB with
the observed ET over the growing
cycle

HSEB ET (mm/d)

correlates well with LAl
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HSEB ET Benchmarked with ECOSTRESS ET ';3

‘ECOSTRESS

= HSEB produces acceptable results, although ECOSTRESS had a
slightly lower bias (3.8% for HSEB vs. -0.8% for ECOSTRESS)
= HSEB performed better over croplands

8004 RMSE: 80.88 RMSE: 75.43

r: 0.82 r: 0.78

NSE: 0.67 NSE: 0.58

6004 Bias: -0.8% 5 Bias: 3.9% «

RESULTS
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Both ECOSTRESS and solEse
Landsat showed better 00/, P
performance

[RMSE:7.3K

r:0.79 4 3

NSE:0.52 NSE 0.54
Blas:-0.6%° v Bias:-0.2%®
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MODIS LST
outperforms LST from
VNPO2 (an overestimate)
and VNP21 (an
underestimate).




HSEB: Global 30m Léndsat-based ET
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1 EEE (ERS iR

—— Evaporation

—— Precipitation

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 20




Satellite data Soils data Weather data

¢ 9 &

GYMEE- global water use,
blomass’ and prod ucthlty’ at ngsdsravtaltsizl;mtg n?ssr:jelzatgget gsizz\éi?jlgtgzlet
the sub-field level using
multisource satellites and GEE
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Output and Analysis




»
Conclusions

= A robust field-scale global evaporation mapper is presented .

= HSEB generates a 2—3-day ET product globally at the 30-m and 10—
20-m resolution

= HSEB provides a good representation of daily evapotranspirat'ion
and compares well with ECOSTRESS

= HSEB provides reasonably accurate results at the weekly and

monthly time-scales .
= HSEB has a high capacity to estimate field-scale ET over long periods
accurately with high temporal frequency "



Changing the Irrigation World




THE HEART OF
EFFICENT WATER
MANAGEMENT

10 COMBAT WATER
SCARCITY

}\ Now available on Google Play




AgSAT VALIDATION
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Water requirement today: 41.2 m*/ha
Water requirement-5 days: 205.3 m*/ha
Total required volume for your field: 48.7
m? per day

IRRIGATION AMOUNT FORECAST

2020-09-25: 41.5 m*/ha
2020-09-26: 40.4 m*/ha
2020-09-27: 42.6 m*/ha
2020-09-28: 44.7 m*/ha
2020-09-29: 36.2 m*/ha




COUNTRIES WHERE AgSAT IS BEING USED




IRRIGATE
MORE PRECISELY

Anywhere, Anytime

-~
'AW hj01@aub.edu.lb ":‘, agsat.app

Increase
CROP YIELD

Save
THE ENVIRONMENT

powered by Go g|€

October 7, 2021: 6.61 m*/ha
October 8, 2021: 6.69 m’/ha
October 9, 2021: 562 m’/ha
October 10, 2021: 6.77 m*/ha
October 11, 2021: 5.32 m*/ha




A CASE STUDY

Mobile & web application for water management—
AgSAT

® AgSAT—is a mobile app developed at AUB with GEE as a
backend

Calculates daily water requirements using remote sensing and
weather data

to all types of users, from small-holder famers to irrigation
districts and regional water planners in the Arab countries
Farmers input information specific to their farms to receive
irrigation water information (volume & run time) based on crop
vegetation status, weather conditions, and irrigation system

type

i

iy

I IHE 583
Wl 1w ;g;y: :rT . Ministry of Foreign AfTairs Google -Org

l=durahpnal, Srerbhc ard Educatian
Cullursl Orgerizeion .« in gsinerehip wil UNESCE Metherlands

)



https://www.agsat.app/

Farmer’s own data

Reflectance-based
Growth Coefficients

Volumes per ha, Irrigation Run times, 5-Days ETc
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Draw fTeId

Select the crop type:

Select the irrigation system:

Alfalfa

O prip Select your field valve size:

Almonds

Bubbler O 32mm,1inch

Apricot

O  Microsprinkler 40 mm, 1.25 inch

Apple

Solid-set impact sprinkler 50 mm, 1.5 inch

Avocado

Center Pivot O  63mm,2inch

Crop Evapotranspiration:
6.14 mm/day

Banana

Linear move O 75mm,2.5inch

Beans Field area: 0.57 ha

Hand-move sprinkler 90 mm, 3 inch

Total required volume for

Carob =
e your field: 35 m? per day

Boom sprayer 110 mm, 4 inch

Cannabis Irrigation Duration: 0.39 hr

per day

O Gun O 140 mm,5inch

Carrot

Surface-Basin 160 mm, 6 inch

Citrus
Surface-Furrow

Corn

Crop type

Beans
South Beans Fleld name
South|
) e i vl ;

Water requirement today: 32.0 m*/ha Field Area (m?) 3 i i 3 7 .
Water requirement-5 days: 155.3 m*/ha I Water requirement today: 39.0 m*/ha % Irrigation Amount History
Total required volume for your field: 63.3 X 19766 =4 Water requirement-5 days: 191.8 m*/ha
m? per day 1
Irrigation Duration: 3 Hour 43 Minutes Irrigation system type
per day

Linear move w

January 15, 2022: 31.224 m3/ha
January 16, 2022: 42.142 m3/ha
January 17,2022: 34.017 m3/ha
January 18, 2022: 50.944 m3/ha

Main pipe size (mm)
75mm, 2.5inch v

Recommended Duration (per day)
§ 3 Hour 43 Minutes

Will you irrigate today? (hrs)

Yes = IRRIGATION AMOUNT FORECAST January 19, 2022: 49.116 m?/ha
29 Z R . 2020-08-18: 39.5m*/ha
éfi’-" ; e Your Irrigation Duration 2020-08-19: 37.9 mi/ha
e e a2 , 2020-08-20: 37.1 m*/ha
) i & - 2020-08-21: 40.3 m*/ha

2020-08-22: 37.1 m*/ha




Water requirement today: 41.2 m*/ha
Water requirement-5 days: 205.3 m*/ha
' Total required volume for your field: 48.7
? m® per day
Irrigation Duration: 2 Hour 51 Minutes per
day

X

2020-09-25: 41.5 m*/ha
2020-09-26: 40.4 m*/ha
2020-09-27: 42.6 m*/ha
2020-09-28: 44.7 m*/ha
2020-09-29: 36.2 m*/ha




WHERE CAN AgSAT BE USED

Anywhere in all countries where
irrigation is practiced

where cellular network coverage is
available

where farmers have smart phones

at the district level or water authority
level

Currently the app is being used in Sudan,
Egypt, UEA, Saudi Arabia, Lebanon, as
well as other countries

Trends in precipitation in the Maghreb region




HOW & WHO CAN UTILIZE AgSAT

Ministries and
Municipalities
Farmers

Irrigation engineers
Water authorities
Large and small farming
enterprises

NGOs

Ag companies
Leading organizations
(ESCWA, WB...)
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TALANOA-WATER

Integrated management of water
resources in the Mediterranean
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X4 DSALAMANCA



THANK YOU!
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