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Droughts in Drylands Drought in middle east is

and the consequences and conflicts worst of past 900 PACIE

Conflicts and r

Precipitation trend and history of droughts with 3-year tendencies
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Water Stress Around the World

Low (<10%)

Low to medium (10-20%)
I Medium to high (20-40%)
B High (40-80%)

i >80% . i 1
= ExIeme'y PN (E%) (Source: World Resources Institute) %ICfARDA

Baseline Water Stress tF A
L \“5- .

§ low water use

B A



Land and Soil Degradation
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Impact of on agriculture

Crop yields under climate change
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Global Drylands and CGIAR tropical and non-

tropical drylands
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rainwater per capita
Green Water Resources (m3/person/year)
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Increasing deviation
from long-term averages

Changing Water Balance
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e Crop rotation and economic drive
e Depleted soil organic carbon



Inclusive-Integrated Agro-Ecosystems (€D & &

Pastoral Agroastoral Rainfed Tree-based Irrigated

Increased land and water productivity while safe guarding
the environmental flows and ecosystem services

- more crop per drop -wateris foc
. e
-in a inch of land and a bunch of crop . sid srstoms

Knowledge based prioritization (space & time) better
strategy for intervention, implementation and impact

Eco-Crop Zoning

Water Use Efficacy - food and environmental security
Conservation Practices - - cooperative and collective actions
Adoption/Adaptation - trade, social security and stability

Scaling Technology

|9



;\\ Y Role of Geospatial Science,
¥: Technology and Applications
(GeSTA) in Agro-Ecosystems

Remote sensing
missions in orbit®

Sensors potential in
CRPs/IRPs, etc.
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Engaging and

empowering young
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Key points:

Specific
mutual-interaction
& synergies
between plant and
animal and
management
practices

Integrated agro-
ecosystems: innovative
approaches for site
integration with
common domains and
data collection &
synthesis

Food Security

Ensuring
nvironmental

Flows and ESs

Cooperative
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Research and

Gender

Spatial pattern,
distribution and
resource access

matrix Red. Vul.

e
Measuring the
impact at spatial
scales, rate,
magnitude, synergy

in Ag. by creating
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Mapping present,
emerging and future

Quantification
of agricultural
production
systems

land use /land cover
dynamics, cropping
patterns, rangelands, pest &
diseases risks, climate
change and impacts

Integrated Production

Systems for Improving

gaod/Environmental
ecurity and

Livelihoods in

Dry Areas

Characterization
of agro-ecosystem
production and
land/water degradation
at farm to landscape
scales

T%[Food production

potential sources
Cropping Intensity

¢ ICARD
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1) Ecological intensification, 2) Crop
diversification, 3) Input use
efficiency, 4) Land degradation, and
5) location specific interventions.

System modelling for
increasing resilience and
assist in identifying on-
demand mitigation pathways
with biophysical,
socioeconomic and
stakeholder feedback as well
as specific needs &
constraints

Biodiversity
Spatial enrichment
and its role in food

security, risk

mitigation, &
sustainability

Mapping land/water
productivity, potential

Increase in
Arable Land

areas intensification,
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synthesis Status &
trends of
existing
production
systems

Geospatial
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KM sharing,
stakeholder

feedback
PROGRAM ON
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implementation, &
M&E

Farmers,
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policymakers,
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Changing diet
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agriculture, and linkages
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UASD Research, Outreach and Capacity Building
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Water, Nutrition, Ecology and Climate Change

Why dryland crops and crop diversification?

* Economically-Nutritious

* Ecological-Soil Health

* Improved Productivity
 More Climate Resilient
Reduce Virtual Water Trade

Usable Protein Per Acre of Farmland (meosured in lbs)
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http://www.soyfoods.org/
| 13 USDA; FAO/WHO/UNICEF Protein Advisory Group (2004)

Soy Rice Egys

Water-Efficient-Ecological
Food Production

Daal/Falafel (1kg) Chicken (1kg)
1,250 liters 4,325 liters

Reduce Loss and Produce More

Mutton (1kg)
5,520 liters

Beef (1kg)
13,000 liters



. . Scaling Trade-on/offs
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e o . Image Based, Open Source
Digital Agriculture Platform ; i

Precision Decision at Farm scales

Timely-Access-Application-Trading
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Existing Agricultural Production Systems
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Where are they and
what is going? =~
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Irrigated Systems
| Rainfed Systems
ol Agro-pastoral Systems
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Sclence for Better Livelthoods i Dry Areas
CGIAR

Under chapgihg Climate and Demography

<L Quantification of its dynamics 4ICARDA

emote Sensing
MODIS

LANDSAT
SENTINEL
MICROS

GeoStats
AgCensus
Climate, Soils
Demograph

......

Il 1
N .

1 1
Compute Node | | Compute Node

s )
. Chunk Task Chunk Task
< T X
Head Node M L
: ' ey o Chunks
Job 1 3 Merging

o pe n So ‘,y" ) Scheduler " R e -: Compute Node | | Compute Node x

R e Chunk Task Chunk Task FI:\aI
Cloud Computing 3 : 5 Output
Algorithms —s & ey

B | ra d ar 20 1 6 3 HPC Communications Qutput Transfer Data Access
’



Automated workflow for operational

EOS in Precision Decisions mapping, monitoring and rural advisory

whl > * .6 :: of _'."\ o
’ ‘ L *_ '-}' OI:-
#__Between Farms .




Ag Intensification & Diversification ¢,

T
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Agricultural Intensification and Crop Diversification Variable
Exploring untapped potential incrop-fallows for sustainable futdre |
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| Barren lands
| Snow and Ice

- Urban and Built-up

B Wetlands

Single crops
| Grass/Shrublands

=
- Double crops

B Waterbody

B Forests
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Duration (days) | 81 - 90

[ ]1-30 B 91 - 100
[ ]31-60 B 110 - 120
. |e1-70 B 130 - 140
B 71 -80 B 150 - 300




Inter and Intra Annual Dynamics over Decades

Length of Crop FaIIows (LCP) 2000 2015 Cropplng Inten5|ty and land cover: 2000 2014
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%%«’ Crop-fallows for intensification uICARDA

CGIAR

On-farm water management

- Fallow from July t(ﬁﬁh&g’ (7 months)

December
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. Inter and Intra
Where are those Yield Gaps? Field Variability
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Rice < 0.05
productlon systems}w‘ ' |

?
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R |
. |
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Cotton > 0.5
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|
"ﬂ?

\v,’.
Wheat > 0.5

Water productivity (WP) is defined as the kg of yieId WP of Cotton 0.42 kg/m3®  0.50 USD/m3

produced/m?3 of water used or, alternatively, as valuein S | WP of Wheat 0.60 kg/m®  0.33 USD/m?3
of yield produced/m3 of water used. WP of Rice paddy 0.50 kg/m3  0.10 USD/m3



Mediterranean Sea_/,/v"\/

Adoption and out scaling of
Innovative Technologies:

* productivity
* employment
* enterprise

Algeria

Suitability class Area (km2) Population Density

40,956 10,021,600 243

| Medium suitable 28,870 5,081,674 174
Low suitable 24,083 2,929,224 122
Not suitable 576,076 9,471,688 16
Legend
Mauritania ' Suitability [ ] Region
I High District
{ ; Mali : ! Medium
f = 0 200 400 800 Kilometers | i

| 1 L 1 1 1 1 1 -
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Agroforestry systems: Trees in farm lands
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Measuring Impact of Successful interventions
Soil Salinity, Dujaila, Iraq

B -4 dsim
P 4-8dS/m
B s -16 dS/m

16 -32 dS/m

B - 32ds/m

2010

B -4 dsim
P 4-8dS/m
B s -16 dS/m

16 -32 dS/m

B - 32ds/m

April 2013

Yield Increase
1.92to 4.0 t/h




Measuring Impact of Successful interventions

Soil Salinity, Dujaila, Iraq

Pre-salinity reclamation period
Landsat April 1984

Saline or

{Abandoned

Croplands

Active or

. { Healthy

Farmlands
Average yield in

saline lands for five
major crops

1.92 t/h

which is about 52%
less than non-saline
lands

|31
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Measuring Impact of Successful interventions

Soil Salinity, Dujaila, Iraq

Dujaila, Iraq

Post-salinity reclamation period
Landsat April 2013

Saline or

{Abandoned

Croplands

Active or

.{Healthy

2 Farmlands
Average yield in non-

saline lands for five
major crops

4.0 t/h

which is about 52%
more than saline
lands

| 32

2 1CARDA

««l[CARDAGU©2014



Jrrigation Infrastructure and land reclamation

Ty
N

Agricultural Intensification and Expansion

Land Use Map
2004/05

Y

B Double/Tripple Crops

Kharif Crops Only
Rabi Crops Only

- Plantations/Orchards
- Water Bodies/\Waterlogged

- Zaid Crops Only
Fallow and Others

Irrigation Induced¢ ™
Salinity Control and

Reclamation Project

(World Bank Report,
Biradar et al., 2012)

Branch
Distributary




I;rlgatlon Infrastructure and land reclamation

Legend

B Double/Tripple Crops
| Kharif Crops Only 200
X
Rabi Crops Only =
2150
- Plantations/Orchards g
i 7]
- Water Bodies/\Waterlogged £ 100
- Zaid Crops Only 0
C
Fallow and Others g 50
Branch o
- O 0
Distributary

Agricultural Intensification and Expansion

Land Use Map
2008/09
Post Project)

Head Middle Tailend Total

W 2004-05

W 2008-09

(World Bank Reports,
Biradar et al., 2012)
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Dynamlcs of the \

Evapotranspiration
(Deviation from

long-term mean)
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waDecadal
Dynamics of the \

Evapotranspiration
(Deviation from

long-term mean)

ETA 2015
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Agricultural Productivity and Production
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Biradar, et al., 2016*



Location specific Investment, Interventions and Impacts

5.0 5.0
@ . 26%
S 45 45 §-1:72% Gain
S 40 4.0 .
25 . 61 mtons 20%
T 30 s*‘“}ﬁ 15%
€ 25 =SDG =
E 2.0 40 10% 10%
Z L5 . 7/
1.0 . |
N |
0.0 d
1-1.5 1.5-2 2-2.52.5-3 3.5-4 4.5-5 >5
Grain Yield (kg/ha, '1000)
5.0 ] 0 .
- 26 | 8% Gain,,,
g 4.5 s Nt N o : .2 45 —A.' ) . ‘r ’ C
s 4.0 i ‘," LA A A 24 » "'V_ . 2 \ . { tonS
e ',‘ o Dol [ \:.“ ".' —~— 20%
n

15%

12%
10%
6%
0,
I 4% 39
. .

<0.5 0.5-1 1-1.5 1.5-22-2.52.5-3 3.5-4 45-5 >5

Area (m ha)

20%
35
3.0 159
25
5o 10%
15
1.0
0.5
0.0 Lo

<0.5 0.5-1 1-1.5 1.5-22-2.52.5-3 3.5-4 4.5-5 >5
S=ScenarioSrain Yield (kg/ha, '1000) Grain Yield (kg/ha, '1000)

#ICARDA

nce for Better Livelhoods in Dry Areas

Biradar, et al., 2016*



Back to the future!

We

nave heavily compromised sustainable food

production and health of the lives and the planet

Earth by neglecting minor crops (dryland cereals
legumes)

and

Go back to the future

Integrated farming systems with
better soil and water management for
nutritious food for a sustainable future

E
< =" Sdence for Better Livelbhoods in Dry Areas



In an inch of land and bunch of crop

i

Vi 5 ..
%g ‘A Where much gain is expected?
¥ S .

Bt e, Is that from genetic? 15-20

Is that from agronomy? 50-60

Is that from socio-economy? 20-35
(policy)

P nank Yol
' c.biradar@cgiar.org
avoid the unmanageable and

manage the unavoidable

-IPCC Confronting Climate Change: LU» ICA R DA
| 40 ‘%\ Scence for Better Livelhoods in Doy Areas



Geoinformatics in Sustainable Agro-Ecosystems

geoagro.icarda.org
* Ag-Intensification

* Digital Agriculture
 Wheat out-scaling

* CA Adoption

* Thematic Research

e Cereals-Legume System
* Pests & Disease Risks

* Land Degradation

* Crop modelling
 Watershed management
* Climate Change

» System Modelling

* Big-data Analytics

Betier Uvelhoods in Doy Areas


http://geoagro.icarda.org/india/
http://geoagro.icarda.org/ca/
http://geoagro.icarda.org/en/research/details/SARD-SC
http://geoagro.icarda.org/en/research/details/CANA
http://geoagro.icarda.org/en/research/details/BIGM
http://geoagro.icarda.org/en/research/details/EU-IFAD-CS
http://geoagro.icarda.org/en/research/details/Pest+&+Diseases+Risk
http://geoagro.icarda.org/en/research/details/crop-modelling
http://geoagro.icarda.org/en/research/details/Watershed
http://geoagro.icarda.org/eatlas/
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