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Areas of Interest
Climate Change, Climate resilient
agriculture systems

PhD specialization in Modleing and climate
change (WSU-USA)

PostDoc- Institute of Crop Science and

Crop production and precision resource Resource Conservation (INRES), Crop

management,

Agro-ecosystem modeling, climate smart
agriculture, ESS and Environment protection

More than 110 h-index =37

Science of the total Environment (IF 10.75)
Agricultural and Forest Meteorology (IF 6.42)
Field Crops Research (IF 6.14)

Atmospheric Research (5.96)

Land Use Policy

Environal Monitoring Assessment

Agronomy Journal

Journal of Environmental Management (IF 8.91)

Science Group, University of Bonn,
Germany

Since: 2019-2022

Faculty member at MNS-University of

Agriculture Multan-Pakistan 2016- till date
Research

My research aims to develop, integrated and apply
innovative techniques like modeling, remote sensing,
and real time simulation using UAVs multispectral
images to improve resource use efficiency and
sustainable soil and crop production under changing
climate




Climate changes 1n past and recent trends

Temperature difference 2020 and 1981-2010

— !
r 4
-

; \ )
\ ¢
"“R’\
"
77
| - B
Data source: ERAS -7 -5 -3 -2 '1 '05 0 05 1 2 3 5 7 C

2018 found among the hottest year as
2016 on globe in comparison with
(1850-1900) global climatic data

2018, 4'*" hottest year on record?
This year’s average temperature compared to that of the period 1850-1900
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Climate changes 1n recent past
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Future global climate change projections

RCP 2.6 RCP 8.5
(a) Change in average surface temperature (1986-2005 to 2081-2100)
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Climate risk, global drought and flood patterns

v" South east Asia and Europe are prone to flood and
drought and recent climatic extremes are examples

of drought (2019) and foods (2021) in Germany

v’ Pakistan is also most vulnerable to climate change

Climate risk
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Challenges and 1ssues due to climate change

South Asia Other challenges and issues due to

: : climate change
Increase in flooding related to sea-level =

rise: substantial increases in risk

SEA LEVEL RISE IS 24

Asian monsoon: increase in precipitation . soenne

intensity 2N |

Heavy precipitation: substantial increase [ i 5 o G

. . . . IPACTS ' UNITED CONCENTRATIONS

Crop yield reductions: one third decline = e
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in per capita; substantial reduction e\ ) siomrossico,
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Drought and Climate Change
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Spatial Distribution of Rainfall in Pakistan

Spatial Distribution of Rainfall (mm)
For July, 2023

Spatial Distribution of Rainfall (mm)
For August, 2023

Percentage Departure of Rainfall (mm)
For JAS, 2023
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Distribution of Rainfall vs Soil Moisture Anamoly

Spatial Distribution of Rainfall (mm)
For July, 2023
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Soil Meisture Anomaly (SMA)
During July, 2023
of Pakistan
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Spatial Distribution of Rainfall (mm) For September, 2023
For August, 2023
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Soil Moisture Anomaly (SMA)
During September, 2023
of Pakistan

Soil Moisture Amomaly (SMA)
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Climate action for future survival

v United Nations Climate Change (SDGs) PARIS CLIMATE AGREEMENT

v' COP21 (Paris-2015) - COP28 (UAE, 2023) 1. 3 3. & i

v The Paris Agreement limit global warming O v % &
to well below 2°C and & /1 Bﬁ
pursuing efforts to limit it to 1.5°C e e Ees

centigrade + achieve net zero impacts certain to occur
emissions bv mid-centurv

Global warming of 1.5°C

SUSTAINABLEQ
DEVELOPMENT 5
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Climate-Smart Agriculture (CSA)

Integration of Policies (SA Qutputs
, =i 1 Increase productivity
[ Productivity: | iﬁi
| Sustainably increasing food |

\ security & supporting rural /' Adaptation I:@E Increase net return

livelihoods
# .
,:11. Improve Input use efficiency
0%

@ Reduction in emissions
activities & sequester i Increase resilience
carbon on farmland

. o*K ﬁ Increase gender and
e, social Inclusions

Non-traditional Security Challenges in Pakistan and
the EU at Brussels

Adaptation:

Strengthen resilience ¢
agriculture & food
systems to climate
changes & variahility

Mitigation:
Reduce GHG emissions
from agricultural

Monday, March 04, 2024 13



Climate Resilient system for food production

v Global Agriculture would face unprecedented Watersaving
pressure during 21st Century (IPCC, 2014) - / ]
Halrs i

v CC presents a challenge to developing , q b
countries and their ability to end poverty l"_]f i ‘. ff ',A“gle O
through investment in agriculture I

v" Farmers need scale-up innovation (mitigation
and adaptation) to make farming more
resilient

PARB

Moisture; 13% 6%

Yield: 21% 12%¢ Hgm!ﬁ
2018-19

Non-traditional Security Challenges in Pakistan and

the EU at Brussels Monday, March 04, 2024 14



Impact of climate change on cotton-wheat cropping system and
adaptation technology development for sustainable cotton
production Punjab-Pakistan
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Genetic Adaptability and Water-fertilizer Intelligent Regulation
Mechanism of Climate Smart Varieties (PSF-NSFC)

Issues to be addressed

» Affects of Climate Change
on Wheat and Cotton Crop
Drought, heat and salinity
Water and fertilizer use
efficiency
Low yield and productivity
Sustainable cotton-wheat
cropping system

| China (XinJiang) |

Pakistan (Punjab) |

@Ctins polistanl)

| Economic Corﬁ'doﬁ

Adaptation mechanism of

colton and wheat varieties evolution
APSIM and SWAP ' :

Model construction

L Paijam?ter ’ Model-based intelligent
optimization

regulation of water and fertilizer

Accurate guidance for future
breeding of cotton and wheat

Expected Outcomes

» Promising genetic resource
of cotton and wheat under
changing climate
Cotton and wheat
adaptability to drought,
heat and salinity

Sustainable cotton-wheat
cropping system for Punjab
and Xinjiang

Long-term SINO-PAK
collaboration

Data resources and
capacity building

MNS University of Agriculture, Multan
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Soil carbon sequestration to fix the carbon and improve the
resource use efficiencies for water and fertilizer (biochar and
slow release fertilizer)




Potential of biochar, carbon fertilizer and slow release
nitrogenous fertilizer to reduce the GHGs emission

University of Agriculture




Climate smart practices, zero tillage planting in different cropping
system to reduce the carbon footprint and GHGs emission




Climate smart practices, zero tillage planting in
different cropping system to reduce the carbon
footprint and GHGs emission




Climate smart practices, zero tillage and mulching 1n
different cropping system to reduce the carbon
footprint and GHGs emission

P,

——
XK

—
CRRFTS

University of Agriculture
Multan




Application of UAVs for monitoring of crops and
ecosystem services under agro-forestry system

RGB, and qﬁ_\
Multispectral '
1mages for
monitoring

Wheat and o ALERR

canola crops , _ BN
in sole and L R N //
agroforestry - y

system N | /
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NDVI maps to detect Sub-field heterogeneity in
winter triticale crop

NDVI
[ EN
[ 050
[ 059
[ 068
o7

5 April-2020
Winter triticale

24




Weather forecasting and crop based agro-advisory for
carly warning and early action for fifteen districts of
south Punjab (example of climate adaptation to tackle the
climate extremes)

Joint Project of

Pakistan Meteorological Department & MNS-University of Agriculture, Multan

South Punjab

Bahawalnagar | Bahawalpur | Bhakkar | D.G. Khan | Jhang | Khanewal
| Vehari |

Layyah | Ladhran | Mianwali | Multan | Muzaffargarh | Rahimyar Khan | Rajanpur | Sahiwal

Seven Days Weather Forecast (Multan)

20 Feb, 2024 21 Feb, 2024

22 Feb, 2024 23 Feb, 2024 24 Feb, 2024 25 Feb, 2024
Tuesday Wednesday Thursday Friday Saturday Sunday
Weather LYy P 7 /. 7 1/,
:f” ~ ',_{” ~ ',” = ',,” = ‘,/” ~ ',/” ~
Temp °C (Min/Max) 12122 o271 B/22 9/ 21 822 9/21
Wind Speed(km/h)/Direction upto14 /N upto9/N upto 10/ N upto9/ N upto 10/ SE upto11 /N
Relative Humidity (%) 80/70/75 80/70/75 80/7/70/75 80/70/75 80/7/70/75 80./70/75
Morning / Noon / Night

Morning = 8AM, Noon = 2PM, Night = 8PM



Agro-advisory for different crops in fifteen districts of
South Punjab (example of climate adaptation to tackle the
climate extremes)
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National Crop Genomics and Speed Breeding Center for Agriculture Sustainability

Genome assembly available for a
Genome -
crop species _

Germplasm Germplasm characterized at genome
and agronomic level

368 Genes Gene ldel]tlfnl:atlon and functional
characterization

. ~ Genomic breeding approaches using
Genomic breeding genomic knowledge and technologies

Gene editing Gene editing for improving plant
performance

Institute of Plant Breeding & Biotechnology




Climate resilient genotypes development: Hybrid

wheat for food security
2018-19

2019-20

TPL Arifwala
SNIFA (1)
SNIFA (2)

107 hybrids tested at 2 Ls ¢ o

6
. o 5 5 2 102 hybrids tested at 21 Ls
¥ AU ] :
Gain: 20 - 46% " 1 ¥ihia Ludon 300 hybrids synthesized
UAF
3 1 3 i Overall Avernge » - . —
100 hybrids synthesized : i
- I Sunerop Hyderabad
1 l 1 mHm” ‘ JBL Rahimyar Khan
RARI Bab T
0 i UAM
Gty 13 v e ybrid Guard L ahore -
Red W T R k g e i T Evvel Group =
Rk : 2 A Ghmﬁim Gold = Above 20% of best cultivar
J ! : 4 WRI Dark preen= 10-19%
2 W 5 UAAR Green = 1-9%
= AZRI Bhakk - i .
] i : ; s ‘::_,\i; st sl R Ll e - Maroon =j.Equa10r less than cultivar
1000 2000 3000 4000 5000 600D 000 SOOM 8000 10000 ok

Gaion over Galaxy—13
2020-21

m201T-18 B I018-1% m 2019-20 Best § Environ 2019-20
5 i 1o Average 10 Environ 2019-20 8 Poor § Euviron 201520 W Average over yease \
Hybrid trials 1.5 acres lacre | 2.5 acres
224Hat 2 Ls | -

140Hat2 Ls o . T
09H at 12 Ls 10-12 ﬁy nd seed
1080 new hybrids ; 100

-]

=
S

ART-4+  ART-5 = Zineol ART-5~ 29 ARS = ARS = Sumtop | ART- = RZ6 3-] AR 16 =
Z0IBWSN-245 IBWEN-245 PBICR=1& Tozwhbld Zineol Galaxy-13
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Fog capturing and high nutritional wheat genotypes

Nutrition use efficiency

Water saving

. Expected savings of

» ~9 million bags of urca
s ~ L irrigation
s = 10% yield gain

= Zusaip

=\

Line 2 Galaxy-13

Moisture: 13% 6%
17%.1.

Viald: 71044
g

29




Climate smart crop diversification

Sustamlng sml fer‘uhty
Reduc‘uon in-import of edlble 0|I
soybean meal for poultry feed:

MNS University of Agriculture, Multan Monday, March 04, 2024




Decision support system/Crop Models




Modeling Soil Erosion and other ESS

Explore the interaction of different factors (OM, slope, soil cover, texture
and field practices) to the soil erosion and further contribution of each

factors into the soil erosion process under heterogeneous field conditions.

i’ L T
o g R el R Sy TR R
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Pest Prediction Modeling for Whitefly and Pink
Bollworm 1n Cotton

Best Possible Feature Combination:

Best Possible Feature Combination:

Temprature <38

Pink BollWorm Attack

RH>74 and rainfall <2.5

ML Model Results

Number of observed and predicted Hotspot above ETL for Pinkbollwormin

70 4
Actual PBW 2023 Multan
— Predicted PBW
70.00
60
60.00
== (0bs.PBW_HotSpot2023
50 4
50.00
=@ Predicted PBW_Hotspot2023 (RF)
40 4 40.00
=== Predicted PBW_Hotspot2023 (ANN)
30 4 30.00
20.00
201
10.00
10 A
0.00
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0
T T

6 9 12 15
Weeks of Months From 1st June to 31st Oct
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PBW Prediction

Pest Prediction Center Pest Prediction Center
Pest Prediction Center

Go to PBW Attack Predictor Meter

Pinkball Worm Attack
Predictor

The Pink Bollworm (Pectinophora
gossypiella) is a major pest that
predominantly affects cotton crops.
This tiny moths larvae bore into cotton
bolls, feeding on the cotton and
causing significant damage, which
often results in a considerable
reduction in yield and cotton quality.
Managing and predicting the
infestation of the Pink Bollworm is of
paramount importance to cotton
farmers. With advancements in
technology, predictive models have
been developed to forecast the
potential risk of Pink Bollworm attacks
based on certain parameters.

These models use six key parameters:

Pinkball Worm Attack
Predictor

Max Temperature:

Enter Max Temperature

Min Temperature:

Enter Min Temperature

Mean Temperature:

Enter Mean Temperature

Relative Humidity:

Enter Relative Humidity

Rainfall:

Enter Rainfall

GDD PWB:

Enter GDD PWB

Pinkball Worm Attack
Predictor

Prediction: No Attack
Max Temperature:

40

Min Temperature:

20

Mean Temperature:

30

Relative Humidity:

75

Rainfall:

5

GDD PWB:

15
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W/ Food and Agriculture
v/ -] Organization of the

United Nations GREEN

CLIMATE
FUND

The overall aim of the conference is to bring knowledge, innovations and actions together
to restore ecosystems and transform agriculture production system to achieve climate
resilience




Publications

Contents lists available at Sciencelirect

Agricultural and Forest Meteorology

Field Crops Research

LSEVIER journal homepage: www.alsevier.com/locate/agrformel

journal homepage: www.elsevier.com/locate/fcr

Multi-model projections of future climate and climate change impacts i"i)_ L _ {
uncertainty assessment for cotton production in Pakistan || Application of CSM-CROPGRO-Cotton model for cultivars and optimum

. planting dates: Evaluation in changing semi-arid climate
Muhammad Habib ur Rahman*"", Ashfaq Ahmad’, Xuechun Wang®, Aftab Wajid",

Muhamma;l Habib ur Rahman®"*, Ashfaq Ahqu"‘d, Aftab Wajid', Manzoor Hussain®,

Aemuspheric Research 213 (2018) 422-436

Contents lists available at ScienceDirect

Contents lists available at ScienceDirect

Atmospheric Research

Atmospheric Research

ELSEVIER ournal homapage: www.elsevier.com/locate/atmosras
| K

journal homepage: www alsevier.com/locate/atmosres

Future risk assessment by estimating historical heat wave trends with [ |

projected heat accumulation using SimCLIM climate model in Pakistan | e Evaluation and analysis of temperature for historical (1996-2015) and [ ]
Wajid Nasim™"*, Asad Amin®, Shah Fahad®*"*, Muhammad Awais', Naeem Khan®, projected (2030-2060) climates in Pakistan using SimCLIM climate model: | &
Muhammad Mubeen’, Abdul Wahid", Veysel Turan', Muhammad Habibur Rehmar/, Ensemble application

Published online July 18, 2019
SOILTILLAGE, CONSERVATION, AND MANAGEMENT

Contents lists available at ScienceDirect

Field Crops Research

Managing Tillage Operation and Manure to Restore Soil Carbon
Stocks in Wheat—Maize Cropping System

Open Access | Published: 11 December 2021

Impact of in-field soil heterogeneity on biomass and

Science of The Total Environment

Sl Volume 828. 1 july 2022. 154567 vield of winter triticale in an intensively cropped
hummocky landscape under temperate climate

Using the Taguchi experimental design for ,onditions

assessing within-field variability of surface

run-off and soil erosion risk Muhammad Habib-ur-Rahman &3, Ahsan Raza, Hella Ellen Ahrends, Hubert Hiiging & Thomas Gaiser

Ahsan Raza ® © =, Hella Ahrends P, Muhammad Habib-ur-Rahman @ €, Hubert Hiiging 3, Precision Agriculture 23, 912-938 (2022) | Cite this article
Thomas Gaiser *
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