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National Engineering and Technology Center for Information Agncultura
Nanjing Agricultural University—NAU
Pioneer of modern agricultural education in China (since 1914)

A state key university, member of 211 Project” (since 2000)
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ZhulJiang (450 ha)

BaiMa (360 ha)



BaiMa (360 ha) --under construction

Part of National Agricultural Sci-Tech Park



Colleges (19)

Agriculture

Horticulture

Plant Protection
Grassland Science
Animal Sci. & Tech.

Veterinary Medicine
Engineering
Food Sci. and Tech.

Information Sci. and Tech.

Life Sciences
Resource & Envi. Sci.
Sciences

Economics & Management
Finance

Foreign Studies
Humanities and Social Sci.
Public Administration
Rural Development
International Education
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u‘-‘ National Engineering and Technology Center for Information Agriculture

National Key Disciplines (14)

Crop Cultivation & Farming

Crop Genetics & Breeding

Agri. Entomol. & Pest Control
Pesticide Science

Plant Pathology

Agri. Eco. & Mgmt.

Land Resources & Mgmt.

Clinical Vet. Med.
Preventive Vet. Med.
Theoretical Vet. Med.
Plant Nutrition

Soil Science

Food Science

Vegetable Science
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National Engineering and Technology Center for Information Agriculture
Research facilities

National Key Lab (1)
National Key Engineering Center (5)
Ministrial-level Key Lab and Research Center (28)

Jiangsu Provincial-level Lab and Research Center(32)
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National Engineering and Technology Center for Information Agriculture

National Key Lab

-- Crop Genetics & Germplasm Enhancement

-Germplasm Resources

-Genomics

-Crop Breeding

Rice, wheat, soybean,
cotton, rapeseed, maize
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National Engineering and Technology Center for Information Agncultura

The NETCIA was established
by the Ministry of Industry and
Information Technology of the
People’s Republic of China in
November, 2010. It is a national
research center within NAU for

conducting the researches on
Innovation, integration, and
transfer of key technologies in
iInformation agriculture.
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National Engineering and Technology Center for Information Agncultura

Research Members

Agricultural Remote Sensing

ﬂ : 2 & » Faculty members (24)

| » Professors (14)
Prof. Tao Cheng Prof. Xia Yao Prof. Dong Jiang  Prof. Jlanjun Pan A55°a°'al5° Il’rof Asgxr:‘cig;\ge pl_:Of'
Crop System Modeling £ Y I ! >ASSOC' PrOfS' (7)

6 @ > Lecturer (3)

» Graduate students (>70)
Prot Yan 2 pro. WerengLuo o seng  ASHRASE  AggEepet  Asgmeie % Post-cloctors (2)
Agro-Information Engineering =
» Visiting scholars (2)
All of them are from colleges of:
» Agriculture

Prof, Weixing Cac  Prof. Jun Ni Prof. Zhigang Xu &fg&gﬁ%%ﬁg Dr. Xiaohu Zhang Dr. Xiaolei Qiu

Precision Farmlng and Management > InfO rmation SClence &
w ‘ G= Technology
. ‘ » Resource and Environmental
Prof. Yongchao Tian Prnf ngbn Dal Prof. Shachua Wang  Prof. Ganghua Li Assoclaie Prof. Dr. Qiang Cao -
Administrative Staff o Sciences

» Agricultural Engineering
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Office Director Research Secreta minis abiAdministrate
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Technique framework of NETCIA

-

Sowing Emergency Flowermg Maturity
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Design of | Growth monitoring | Predlctlon of
sowing strategy | i & diagnosis l Productivity
| |
I I
*Sowing date I |« LAI eDecisionon | ! *Yield
*Sowing rate ' |- Biomass regulation of | *Quality
*Basal NPK I | » Nutrition | | nutrition, I oUse
Water | iwater water & | efficiency
management : * Disease pesticide : of resource
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Smart agricultural machinery for precision farming
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National Engineering and Technology Center for Information Agriculture

Research areas

»Agricultural remote sensing
»Crop system modeling

»Precision farming and management

»Agro-Information engineering
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Model-based prediction of regional productivity
in rice and wheat crops of China

Yan ZHU

National Engineering and Technology Center for

Information Agriculture/NAU
yanzhu@njau.edu.cn


mailto:yanzhu@njau.edu.cn

Urgent demand on food security

ZA 1950-20164F 2 F A 11 i
B Challenges |
€ Rapid growth in population
¢ Limited farming acreage -
@ Increasing shortage Of Water FESOUICES | st o s s
@ Frequent extreme climate events = | www wuww

€ Continues increase of industrial use “:
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€ Tension in international market
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B Ensuring national food security is a

major task of each country for now and
a long time in the future.

FEWSTERN Symposium, Dec. 7-9, 2017 Page 16



Quantitative prediction on crop productivity

Genotype (G)*,

Genetic parametef

X
Environment (E)

Climate, soil
X
Management (M)

Sowing date & rate  ~ -
fertilizer, irrigation......

Crop system model can be used as the quantitative tool for crop productivity
prediction and early warning of crop production risks based on the

interaction of genotype (G), environment (E) and management strategy (M).

FEWSTERN Symposium, Dec. 7-9, 2017 Page 17



Key problems to be solved

1 2 3

How to improve the How to expand the How to design the
model performance point-based adaptive strategies
under extreme simulations to under future climate
climatic conditions? regional forecasting? scenarios?

0.4‘ - = e ¢ ‘ E ;_‘“-l-ﬁr T I~ : = ' ‘ - -
® Upperofthepanicle | [Voo wosh  HEEERE T Earliest sowing date
- ® Middle of the panicle vy ; s
ho | ® Lower of the panicle
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Timing of heat stress treatment
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1. Spatial and temporal variation of extreme climate

Xinjiang
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Study region

Single-season rice:
113 stations
Double-season rice:
74 stations

Winter wheat:
166 stations

FEWSTERN Symposium, Dec. 7-9, 2017
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1. Spatial and temporal variation of extreme climate

Spatial variation of phenological dates

(a) /e (b)
DOY for Hcading 1 A DOY for Maturity

.115

135
140
145
150
155

¢  Station
Sub-region border

250 500 750
I KM

Spatial distribution of DOY for heading (a) and maturity (b) in study
region of winter wheat

B The maximum differences due to spatial variation of heading and
maturity are 77 and 68 days, respectively.

FEWSTERN Symposium, Dec. 7-9, 2017 Page 20



1. Spatial and temporal variation of extreme climate

Temporal trends of phenological dates

A Jointing ) B Maturity
' Maturity

Jointing

(d-yr") (d-yr")
O<-05 O <-05

© -0.5--0.25 ® -0.5--0.25
® -0.25- 0.0 © -0.25- 0.0
© 0.0- 0.25 © 0.0- 0.25
© 0.25- 0.5 © 0.25- 05
O> 05

Significance

Subregion border

0 300 600 900
KM

Annual trends of jointing and maturity dates during last 30 years

Significant negative trends (p < 0.05) were observed at 45.3% and 42.3% of
stations for jointing and maturity stages of winter wheat in China.
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1. Spatial and temporal variation of extreme climate

Spatial variation of post-nheading heat stress

In winter wheat of China Average
25 7_—
s e + Average HDD ,, 20112.3 11.0!
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Y _;"' I;z_.s. Eﬂ).l I 60 43
e kg AT T 4
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FEWSTERN Symposium, Dec. 7-9, 2017 Global Change Biology, 2014
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1. Spatial and temporal variation of extreme climate

Temporal variation of post-heading heat stress
In winter wheat of China
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B The significantly increasing trend of post-heading heat stress was observed in two
southern sub-regions during last few decades, while not for two northern sub-regions.

FEWSTERN Symposium, Dec. 7-9, 2017
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1. Spatial and temporal variation of extreme climate

> Heat stress and

mean temperature

explained about
29% yield

variability in

winter wheat of

Subregion Pravg Prop R?
NS -0.06 -0.02 0.26%* China during last
HHS -0.32 -0.01 0.37** 20 years, and
MYS -0.20 -0.01 0.21* e
varied in different

SWS 0.15 -0.03 0.13

—— sub-regions.
Entire region -0.19 -0.01 0.29**

FEWSTERN Symposium, Dec. 7-9, 2017 Global Change Biology, 2014



1. Spatial and temporal variation of extreme climate

Spatial variation of spring frost in winter wheat of China (Maximal value)

(d) (e) ®
AFDD (°C-d) TDR (°C-d")

L5
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3.0
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24{AFD (d), o £ 12.0 3 [AFDD (CCed) p = Sl PDR (Cd)
2 7.0 %0- 139 | ok
9.0 40! 4.1 160 1o} | 69 74
16} 63 S3
m.
ﬂlo 33

I
l |
12+ : _ I
ji E H I 10F é :
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" L 1 N ] . " 1 L L L
NS HHS'MYS SW§ NS HHSIMYS SWS, INS HHS,MYS SWS
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B Maximal AFD and AFDD during last 30 years in MYS and SWS were larger than
in NS and HHS, while stations with highest AFDD were found in HHS;

B Higher TDRs were found in NS and HHS than MYS and SWS during last 30 years.
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1. Spatial and temporal variation of extreme climate

Temporal variation of spring frost in winter wheat of China

Observed value H’"* Ve Hﬂi
(Mixed effects of i gl | BiE g
temperature variation | g % N
& phenology shifting) | g M )ﬁb

(a) N (b) o (©) o S
Effect of temperature | g 5" A g s “ri .
" 0.050 { :3":3 5 ra i ” 0. : =

variation

/ S(
Subregion border S
£
0 300 600 QU’QM ( (

(d)

Trendyeof AFDD (°C-d/y)
020
0.1

Effect of phenology
shifting i

- 0.10
0.15
0.20
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1. Spatial and temporal variation of extreme climate

Temporal variation of spring frost in winter wheat of China

0.3 . g
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g 0.026 9 15 2, 0.007 o
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@ Spring frost risk has not decreased, despite of global warming.

# Climate warming has reduced the spring frost in more than 75% of

stations in the whole region, it also accelerated phenology and shifted the
frost-sensitive crop stage to occur earlier;

€ Phenology shifting has increased the spring frost in more than 70% of
stations in the whole region.
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1. Spatial and temporal variation of extreme climate

Impact of spring frost on winter wheat yield

4 B Type

I Type I
[ Type 11

é ________________

% F=.k

S 1.1 4

-1.

S -1.3

=

o2

-

B Type T Linear: Tmean, HDD, CDD

<L Linear: Tmean, HDD, CDD, SRAD, P
-8t - Type Il Mixed linear:
B Type L fiyed: Tmean, HDD, CDD, SRAD, P

10 Lt ; Random: $tation, Year, Cultivar |

Yield reduction due to spring frost (%/year)

e \
A

With Type Il model

Subregion border
0 300 600 900

NS HHS MYS SWS

B Observed wheat yield was more sensitive to spring frost in HHS than

other three sub-regions;

B Estimated yield reduction was 0.7% (log yield, %) for 1°C-d increase of
AFDD (accumulated spring frost degree-days) for entire region.

FEWSTERN Symposium, Dec. 7-9, 2017 Agricultural and Forest Meteorology, 2017 ( Submitted )




2. Responses of productivity formation to extreme climate conditions

Experiments of rice under extreme climate conditions

A seissssssssssdss

: 2 BT = . & | 3 4- :
Treatment Heat stress Cold stress

Varieties Nanjing4l (V1), Huaidao5 (V1),
Wuxiangjing (V2) Huaidaol4 (V2)
Temperature levels 22/32 (T1), 25/35 (T2) 19/29 (T1), 13/23 (T2)
(Min/Max, °C) 28/38 (T3), 31/41 (T4) 10/20 (T3), 7/17 (T4)
Durations 2 days (D1), 4 days (D2), 6 days (D3) 4 days (D1), 8 days (D2)
Treatment stages Anthesis (S1), Grain filling (S2) Anthesis (S1), Grain

Interaction of S1 and S2 filling (S2)



2. Responses of productivity formation to extreme climate conditions

Experiments of winter wheat under extreme climate conditions
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Cold stress

Cultivars Yangmail6 (V1), Xumai30 (V2)
Temperature levels 43/33 (T1), 39/29 (T2) 16/6 (T1), 8/-2 (T2)
(Max/Min, °C) 35/25 (T3), 27/17 (T4) 6/-4 (T3), 4/-6 (T4)

: 3 days (D1), 6 days (D2), 2 days (D1), 4 days (D2),
Durations 9 days (D3) 6 days (D3)

Anthesis (S1), Grain filling (S2)  Jointing (S1), Booting (S2)

Treatment stages Interaction of S1 and S2 Interaction of S1 and S2
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2. Responses of productivity formation to extreme climate conditions



2. Responses of productivity formation to extreme climate conditions

Phenology of rice under post-anthesis heat stresses

An‘thesis Maturity Anthesis Maturity

Nanjing41 Wauxiangjing14
2 T4D3 (a) NN SR OOUNRANNNNNONN @ (b)
g T4D2 » o
§ T4D1 Essggggggggiégggggié%w @
0 T3D3 RSN SSSSSSSSSSSSSSSK
£ T SO OO o \\AAAAAAAAAAAARRAANNNN | X 2011
2 1301 K NN s
= T2D3 [ ] ®
£ 12 SN » AR RN R AR R RN R RN
grzm o ® <] 2012
=R 1% NANAN AAAR NSNS O NIIFII R AR AR RN R,
2 12DAA liDAA
=
Z s [ (©) OSSOSO (d)
£ Tam | 3 NI AN ANRNNRNNNNS .
Z i . SOOI ¢ 2013
§ mms | N AR RA AR R RRRAAT
5 1302 SIS SN SIS K AII1IIIII NN ARRANRRNRe R
EEED] NANAAAAA RN AR AR Al R TR RREAANE
= T2D3 [ ] ®
4177 AARAR AL RRRRR AR R A AL LUAAA AR AU A AR RN NRA AR
2 T2D1 o @
%muz IR RHRERREESSSe M1 ITIIII N RRIRRRR RN
= 0 10 20 30 40 50 0 10 20 30 40 50
DAA (d) Anthesis-Maturity DAA (d)

Developmental processes of (a, ¢) Nanjing41 and (b, d) Wuxiangjing14 under different
temperature treatments at anthesis and 12 days after anthesis (12DAA).
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2. Responses of productivity formation to extreme climate conditions

Leaf area index (LAI) of rice under post-anthesis heat stresses

gL Nanjing41 gl (b) Wauxiangjing14

NN N
\
5t \é§§ ! §§
= >
4k 4l
0 8 16 24 32 40 48 0 8 16 24 32 40 48
Days after anthesis Days after anthesis

Reduced LAI of rice under heat stress during grain filling stage

lindicate the starting time for treatment
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2. Responses of productivity formation to extreme climate conditions

Light response curves under different Net photosynthesis rates of different
instantaneous temperatures treatment

321 A ;¢ o 25C X 30C
28F V 34T & 36C < 38T
> 40C O 42C + 44T el K
—‘:_\ 24 - » ‘_I1
20 - -
= 16 ' Environmental |
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O 12 S 14} :
s . g |
g =7 : :
= 4 nf Average Pn after treatment
n:q 0 L . . ! . T2>T3>T1>T4
400 800 1200 1600 2000 0 e R T

1234 5 6 9162330374

1
=

PAR(pmol m”s™)

Days after anthesis (d)
Photosynthesis rate can be effected by high

The threshold of photosynthesis temperature, but the slower leaf senescence

alleviates the effects of heat stress

is around 30 °C
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. Responses of productivity formation to extreme climate conditions

Dry matter partitioning (i.e. partitioning index of panicle) of rice
under post-anthesis heat stresses

0.6

=
=)

Nanjing41 Wuxiangjing14
o -ﬁf'___—r———'
S 0.5 0.5
=
=
= 0.4
= 0.4 :
e
-
s 03 0.3
o0
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= 0.2 0.2
=
=
= 0.1 0.1
R -
0-0 1 1 [ [ ' : 1 1 1 0.0 1 1 1 1 : I: L 1 i
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Days after anthesis (d) Days after anthesis (d)

Heat stress affected dry matter partitioning of rice (e. x. panicle)
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2. Responses of productivity formation to extreme climate conditions

Grain weight in different positions of rice panicle
under post-anthesis heat stresses

27 27
(a) Nanjing41 (b) Wuxiangjing14
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= 24 O Middle i
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=]
91k L
E 21 21
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12 1 1 1 1 1 12 1 1 1 1 1
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Heat stress reduced grain weight of rice, especially in the lower position of
panicle

FEWSTERN Symposium, Dec. 7-9, 2017 Page 36



2. Responses of productivity formation to extreme climate conditions

Spikelet fertility of rice under post-anthesis heat stresses

Treatment during anthesis Treatment during grain filling stage

1.0 gg 1.0 g
S1 (a) i (b)
2
= 08 g 0.8}
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2 g6} 0.6
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Heat stress reduced spikelet fertility of rice, with different effects for the

treatment during anthesis and grain filling stages

FEWSTERN Symposium, Dec. 7-9, 2017 Page 37



2. Responses of productivity formation to extreme climate conditions

Yield and yield components of winter wheat under cold stresses
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Cold stress reduced yield and yield components of wheat (Yangmail6),
especially when cold stress occurred during the booting stage.
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2. Responses of productivity formation to extreme climate conditions
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During a certain range of ACDD, the cold stress at jointing could alleviate the
loss of yield and yield components due to cold stress at booting.
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High temperature enhanced both protein and amylose concentrations, but
reduced amylopectin and total starch concentrations in grains.
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3. Process-based model for predicting crop productivity formation

¢NAU-CropGrow was developed by National Engineering and
Technology Center for Information Agriculture, Nanjing

Agricultural University, from 1994,
¢ Crops: rice (RiceGrow) and wheat (WheatGrow)

¢ NAU-CropGrow can simulate crop growth and development under
potential, water limited, and nitrogen limited situations, and runs at

a daily time step.
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Framework of NAU-CropGrow Model

Weather, soil, variety, management data
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3. Process-based model for predicting crop productivity formation

Sub-models of CropGrow

+» Phasic and phenological development
» Photosynthesis and biomass production
< Partitioning and organ establishment
< Grain yield and quality formation

“» Water balance

< Nutrient (N, P, K) dynamics
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3. Process-based model for predicting crop productivity formation

How about the model performance under extreme climate conditions?
Model evaluation with the data from AgMIP and NAU




3. Process-based model for predicting crop productivity formation

Model evaluation with the data under heat stress

Grain filling duration
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3. Process-based model for predicting crop productivity formation

Model evaluation with the data under heat stress
Dynamics of LAl & grain weight
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3. Process-based model for predicting crop productivity formation

Model evaluation with the data under heat stress

Grain yield

(a) Observed (b) CERES-W heat (c) Nwheat (d) WheatGrow (e) APSIM-W heat
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3. Process-based model for predicting crop productivity formation

Model evaluation with the data under heat stress
Grain protein concentration

(b) CERES-Wheat (c) Nwheat (d) WheatGrow (¢) APSIM-Wheat
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B Model performance under heat stress needs to be improved.
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3. Process-based model for predicting crop productivity formation

New heat stress routines significantly improved the model performance

Grain filling duration
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3. Process-based model for predicting crop productivity formation

New heat stress routines significantly improved the model performance

Dynamics of aboveground biomass
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3. Process-based model for predicting crop productivity formation

New heat stress routines significantly improved the model performance
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3. Process-based model for predicting crop productivity formation

Simulation of seed-setting rate under heat stress in rice

The seed-setting rates (SR) can be well expressed as a logistic function of

heat stress indices (HSI)
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1 B b and c are parameters of the logistic curve
RO IUIGAV I B Determining the shape of curve, & reflecting

the responses of seed-setting rate to heat stress

SR(HSI) =
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3. Process-based model for predicting crop productivity formation

Simulation of seed-setting rate under heat stress in rice

Responses of seed-setting rates at different panicle positions to HDD
under different treatment timings
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When seed-setting rates were fitted to the best heat stress index HDD, b & c,

which were temperature sensitivity parameters, varied with different panicle
positions & treatment timings.
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3. Process-based model for predicting crop productivity formation

Simulation of seed-setting rate under heat stress in rice

Flower distribution among different panicle positions
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3. Process-based model for predicting crop productivity formation

Simulation of seed-setting rate under heat stress in rice
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3. Process-based model for predicting crop productivity formation

The performance of new model was improved and virtually no bias if
three stages combined.
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3. Process-based model for predicting crop productivity formation

3.4 Built a 3D virtual system for crop visualization
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3. Process-based model for predicting crop productivity formation

3.4 Built a 3D virtual system for crop visualization at organ/plant/canopy levels
» Developed a light distribution sub-model based on the simulated canopy
structure, which can be used for the design of optimal canopy structure.

Low density leave D) e High density leave

EHF Transmittance (%)

Distribution of light transmittance among canopy at anthesis under
different planting densities (cv.Yangmail2)

FEWSTERN Symposium, Dec. 7-9, 2017 European Journal of Agronomy, 2015



4. Model-based productivity estimation & impact evaluation

B Developed the technology for predicting the regional crop productivity
based on the integration of model, GIS and RS, and realized the

expansion from point simulation to the regional prediction.
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4. Model-based productivity estimation & impact evaluation

4.1 Predicting yield potential & yield gap with multi-models

Yield in single-season rice cropping region
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4. Model-based productivity estimation & impact evaluation

Yield gap In single season rice cropping region
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4. Model-based productivity estimation & impact evaluation

Yield in double-season rice cropping region (Two seasons)

Potential yield High yield target Actual yield
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4. Model-based productivity estimation & impact evaluation

Yield gap in double season rice cropping region (Two seasons)
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high yield target & actual yield (%0) potential yield & high yield target (%0)
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4. Model-based productivity estimation & impact evaluation

Gap between Gap between
high yield target & actual yield (%0) potential yield & high yield target (%)
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4. Model-based productivity estimation & impact evaluation

Partial factor productivity from applied N (kg/kg)

Single season rice Two seasons rice Early rice Late rice
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E 100 1 E 100 T T E l . T L t .
=] ! WO seasons arly rice 1 ate rice
£ ; W 28.6~53.6 kg/kg = T
£ g 80136.1:33.6 g a0 1kg/kg g G so- W 28.6~31.1 kg/kg
g3 : $® | W 30.3kg/kg :
El =1 1A! g g 6r Y |
= 7 I - = Z | I
2% ol T B 308 595 286 270 =% ,130.331.128.630-630.929.9'29 1 31.3 27 3
5 2 | ] 28.9 7] = E | .
£z . Lo L £E %ﬁ%%%%%%
St 1 | 1
" wp | AL R T S L :
Total 11 12 Im 112 113 114 1II5 Total 1111 III2 Total III1 III2 Total III1 1II2
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4. Model-based productivity estimation & impact evaluation

4.2 Predicting the regional productivity by integrating SM & RS

«+ Calibration of model prediction with RS monitoring
<+ Complement of temporal dynamics and spatial distribution

&

t integrationt
LAl LAl LAI LAI

i i | i

RiceGrow model

==Yield
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4. Model-based productivity estimation & impact evaluation

4.3 Comparison of temperature impacts estimated with different methods

mCrop yields (FAO STAT, 1980-2008)
mAll wheat production countries

o L ")
' (1) Point-based simulation (3) Statistical regression |
T st 7 = ’
| o .I. ‘:u‘”"“.:,.._ I. u. % ”~ ‘.5. . . :
: R ' |
.,.I §§ { A P Wheat :

|

.30 Wheat mOdeIS .30 Iocations 05 04 -03 —OI.2 —OI.1 tIJ 0.[1 02 03 04 05 :

I

|

(2) Grid-based simulation Log(Yio=ci + dij * year + dy; * year’ + B-Xi; + &y |

I

|

I

e N _ !

Wheat &, | T (Planting area >10* ha) :

I

|

B 7 wheat models B 0.5%0.5° Nature Climate Change, 2016 |
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4. Model-based productivity estimation & impact evaluation

4.3 Comparison of temperature impacts estimated with different methods
Impacts on wheat production with 1°C warming

_________________________________________________________ ~
( I
: Global Top five major wheat producers |
| g 50 50 1
| g 0.0 1 o 00 !
| E . : |
I & 201 £ 0 50 1
[ = g 1
: §1 4.0 ié--ﬂo.o 0.0 1
| ﬁ T & -15.0 150 :
$= 60- J_ i o) 0
! g e 200{ (a) China 30 /0 2001 (b) India '80 A) 1
: 9 -8.0 1 Gnd-i‘zased Puinl-lhased ; LA : 1 C - ' D Grid-based Point-based  Regression A I
| £ . Methods Methods :
| E 10.0 4 . 50 50 50 |
N 5.7% reduction per °C —. .
£ |
= 120 T r T T T 3
: E Grid-based Point-based Regression_A Regression_B Method_ensemble g 50 50 50 1
> @ |
| Methods E--mn -10.0 4100 1
T
| g
| ful-8.0%  F||  -67% | 47% |
(13 3 29
I Mllltl-methOd ensemble -200 { (c) Russia 200 1 (d) USA 200 {(e) France |
I Glid-;msed Pnin!-lhﬂsed Legres:siun_ Gvid-&lmsed Pnin!-llmsed negre;sian_n Regre;siun_s Grid.l;ased Pnim-:hﬂsed Regreslsizm_l |
I\ Methods — Methods Methods /I

O Projected relative temperature impacts from different methods were similar for
Globe, China, India, USA and France, but less so for Russia.

O Warmer regions are likely to suffer more yield loss with increasing temperature
than cooler regions.

FEWSTERN Symposium, Dec. 7-9, 2017 Nature Climate Change, 2016



4. Model-based productivity estimation & impact evaluation

4.3 Comparison of temperature impacts estimated with different methods
Impacts on four major crops for top five countries with 1°C warming

5.0

5.0

Wheat

Il

-15.0
-2.6% -9.1% -7.8% -5.5% -6. 09F)

Maize

e

-15.0 A

110.3% -8.0% -5.5% -2.6% -5.2%

o
o

(2]
o

(%)
(%)

Yield impacts with 1°C increase in global temperaturejeld impacts with 1°C increase in global temperature
Yield impacts with 1°C increase in global temperatureield impacts with 1°C increase in global temperature

-20.0 -20.0
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5.0 5.0
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4. Model-based productivity estimation & impact evaluation

4.3 Comparison of temperature impacts estimated with different methods

Global impacts for four major crops

>

=~
o
T
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Maize
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] h 319
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3t 1‘ | Yield changes (%) due to temperature changes by the end of century

Temperature anomaly (°C) X>

T
—

Temperature impact on crop yield (% per °C)
[=2]
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0
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4. Model-based productivity estimation & impact evaluation

4.4 Assessing 1.5/2.0°C global warming impacts on wheat production

Global wheat production (31 wheat models)

1.5°C Global warming
CO,: 423ppm

2.0°C Global warming
CO,: 487ppm

(A)

Russia
U.S.A France 3204 China
6.4% 1.1% tips ™ 3.4%
* ' India
Change in Graier; i:;ndunﬁon (%) _ 2 : 6%
£ *
<B
(B)
Russia
US.A France - 3 gog China
9.6% 1.7% | 6.5%
** India
o eon ) .. -2.9%
<j_§| &
JEI
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4. Model-based productivity estimation & impact evaluation

4.4 Assessing 1.5/2.0°C global warming impacts on wheat production
Wheat production in China under 1.5°C global warming (2 wheat models)

Potential yield Absolute changes in Yp Relative changes in Yp

Potential yield Relative change of potential yield

/Nx Potential yield changes

unit: t ha' unit: t ha'

34 -2.0

6 - 1.5

No CO2 £ ._I o

8
effects ?
2

13.4

Potential yield
unit: t ha''

Potential yield changes
unit: t ha''

-2.0
W
-1.0
(— -0.5

0.0
0.5

Relative change of potential yield

unit: "/EJ w
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4. Model-based productivity estimation & impact evaluation

4.4 Assessing 1.5/2.0°C global warming impacts on wheat production

Wheat production in China under 2.0°C global warming (2 wheat models)

Potential yield Absolute changes in Yp Relative changes in Yp

Potential yield N Potential yield changes Relative change of potential yie d

unit: t ha unit: t ha'

NoCO2 | ¢ i
8 I— -0.5
effects '?0 00

Potential yield Potential yield changes
unit: t ha' unit: t ha
-2.0
C B
-1.0

B 0.5
0.0
0.5

S2
1.0 S

. 15 N
2.0, 4 a4
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4. Model-based productivity estimation & impact evaluation

4.4 Assessing 1.5/2.0°C global warming impacts on wheat production

Wheat production in different sub-regions in China (2 wheat models)

Absolute changes in Yp Relative changes in Yp
3 40

Without CO, effect | With CO, effect Without CO, effect | With CO, effect 2

o 1 1 <
- I 1.35 ~

% 2 0 : 13.0 =
= : 0.59 1 135 120 E
= 0.26 I 5.8 =
g 1 032041 1o 0.43 020 1 15,9 5.0 =
- 0.23 : 2.2 I * 3
f | meml I e T T el 2
bt S
® ﬁ ! 0.02 I 0.1 °
aE- 1 03;’{] 47 : 39 54 | I s
: i | :
Eﬂ I 063 I 1-20
s -0.96 ! I 5.6 S
S 2 122 ! ' 98 .
’ 14 -Global warming 1.5C %

3 . . . ' ' . . ' . . . s . I-Cllobal warming 2.0°C 10 jad

NS HHS MYS SWS NS HHS MYS SWS NS HHS MYS SWS NS HHS MYS SWS

O 1.5/2.0°C global warming was projected to increase wheat yields in two
cool northern sub-regions, but decrease wheat yields in the two warm
southern sub-regions.
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4. Model-based productivity estimation & impact evaluation

4.5 Quantifying the impacts of climate change, soil improvement,
variety updating and management

Study area
- Taihu Region

O Meteorological data: 10 sites, 1980s and 2000s (A) '
O Soil nutrients data: 2157 sites, 1980s and 2000s (B)
O Rice varieties: Yanjing2 in 1980s and Nanjing44 in 2000s

O Management practices: representative in the 1980s and 2000s

FEWSTERN Symposium, Dec. 7-9, 2017 Field CFO])S Research, 2013



4. Model-based productivity estimation & impact evaluation

4.5 Quantifying the impacts of climate change, soil improvement,
variety updating and management

| 195% 1 127%
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Contribution rate of variety updating  Contribution rate of management
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4. Model-based productivity estimation & impact evaluation

4.6 Designing the optimal strategy for high yield, superior quality and
high efficiency crop production

Optimum combination High yield, quality, efficiency

Weather Plant )

Soil ' Cropping technology [

v Cultivar
(yield, quality, resource use efficiency, stress resistance...)
v Climate year
(cool, normal, hot; dry, wet; extreme climate... )
v'Soil characteristics
(good, normal, poor...)
v'"Management strategy
(sowing date & rate, nutrient and water management...)

A 4
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4. Model-based productivity estimation & impact evaluation

B Optimal sowing date for winter wheat of China

Actual Difference
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T 1 $$
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— | — -
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s = o
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4. Model-based productivity estimation & impact evaluation

B Changes of growth duration and yield with optimal sowing date for winter

wheat

Growth duration

Yield

Yield gap (kg/ha)
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Differences of growth duration and yield between optimal and actual sowing dates
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4. Model-based productivity estimation & impact evaluation

B Designing of optimal nitrogen rate

Dry matter (t ha'!)

20
, Scenarios on
15 | : N doses
10 | bEUReeRAS Scenarios on
| 5‘.. climates
5 ;" ................ i
; !
Mean on climates :
Oct, Mar Jul R prediction of
| | gross margin &
Sowing 3 Harvest N balance
N dressing ﬁ H I‘ l
Everything known Scenarios Determination of the

optimal dose & time
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4. Model-based productivity estimation & impact evaluation

B Designing of ideal plant type

f

Seedling Tillering Jointing Maturity

\\wf\

\\H

Model-based virtualization of individual and population rice plant
» Dynamic of 3D-structure
» Canopy Iigtlt penetration and interception
» Biomass prloduction and yield formation

> Model-baséd design of ideal plant type for high yield
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5. Platform for crop productivity estimation & impact evaluation

5.1 Developed a platform by integrating SM with RS and GIS for crop
productivity estimation, impact evaluation, optimal strategy design,
and 3D visualization.

l:
|} BFIHE-GIS-ERAEMETD |
TS BEHER AR 5-;

lze= :

I ‘ l e S
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Future Prospects

Experiment O Experiments with single or multi-factor treatments (Heat
stress, Cold stress, Shading, Drought, Waterlogging et al.)

. 4
Physiological OO Response mechanisms of crop productivity under
Mecﬁnlsm extreme climate scenarios

Simulation O Dynamic characteristics of crop growth indices
algorithms O Simulation models suitable for future climate scenarios

‘ O Model-RS integration methods
Regional O Model-based regional productivity estimation &
estimation evaluation platform

l O Impacts of climate, variety, soil and management on

productivity under future climate scenarios

regional productivity under historical and future climate
Impact O Technical routes and adaptive strategies to improve
evaluation

Estimation of food crop productivity and early warning of food security

FEWSTERN Symposium, Dec. 7-9, 2017 Page 83
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T

M| P s AgMIP Global Community of Science

and Improvement Project

AQ

Work Groups
* Soils

. Climate Team
Cross-Cutting

Themes
» Uncertainty

e Water .
Resources Information

Crop Modeling Team | IERZEIEEL Technology

and

Grasslands Team

* Pests and
Diseases Data: AgMIP Sentinel Sites

» Aggregation and
Scaling

* Representative
Agricultural
Pathways

Platinum
Gold
Silver

>

( Improvements and \( Assessments 4 Capacity Building
Intercomparisons * Regional and Decision Making
« Crop models * Global « Regional expertise
« Agricultural economic models 9 » Crop-specific « Adaptation strategies
* Scenario construction ~ » Technology exchange

« Aggregation methodologies -

\_

Links to CCAFS, Global Yield Gap Atlas, Global Futures, etc.



AQ M| P . Two-Track Science Goals

Model calibration and
Historical improvement

Track 1 climate
conditions

Crop - Agricultural
Models | Economic

Models

Sesiotis Future agricultural

scenarios Adaptation, mitigation, Y4 and food sec
and extensions "

AgMIP Sentinel Sites Track 1: Model Improvement and Intercomparison
: Track 2: Climate Change Multi-Model Assessment
Platinum

Gold
Regional and Global Scales

Silver

AgMIP Sentinel Data Sites
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Rosenzweig et al., 2013 AgForMet
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