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Corn shows the effect of the drought in

Texas in August 2013
U.S. Department of Agriculture/Bob Nichols

Satellite image of flooding in Burma

(Myanmar) August 2015
NASA Earth Observatory images by Joshua Stevens

Recent Climate Stresses

California's accumulated precipitation “deficit”

from 2012 to 2014
NASA/Goddard Scientific Visualization Studio

Severe flooding in August 2015 in Pakistan

wipes out harvest
Image:Rueters/London




Food Security iIs more

4
AGEMIP e than just farm production

- Availability, access, utilization,
and stability of food supply all
Important for food security

Impacts of nutrient deficiencies

depend on age
» First 1000 days of life are critical

Agricultural economies and

food value chains act differently
when stressed by shifts in climate,
economics, or policies




Crop Models as a Key Component of
Agricultural Planning Framework
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X’ . :
e Utilize available tools:

Soil Moisture

- Direct observation
» Surveys and reports

Seasor

tinn  Forecasting

- Remote sensing
» Surveys and reports

Retrospective
Analysis

- Crop Models
* Allow estimation of
within-plant and
below-ground
status and processes

Crop Model

» May be configured for a
variety of management
conditions

* Driven by weather and
climate conditions

» Capable of simulating
non-linear effects
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Aga,#MIPW

Track 1

Track 2

Model Inter cornpar ison
and Improvement Project

Historical
climate
conditions

Future
climate

scenarios

AgMIP Approach Enables
Testing of Farm and Policy Strategies

Model calibration and
improvement - Evaluation
| and
intercomparison

Agricultural
Economic

Models

Cropflivestock
Models

Future agricultural

production, trade,

Adaptation, mitigation, and food security
and extensions

Rosenzweig et al., 2013 AgForMet
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The Agricultural Model Intercomparison

and Improvement Project (AgMIP)

AgMIP is an international community of
850+ climate scientists, agronomists,

economists, and IT experts e
. . Economics
working to improve assessments Coordinated B cossniiants
of future food security Climate-Crop AgGRID
Modeling Project GGCMI
Some AgMIP Meetings for A-P Region: CoME pSIMS

- East Asia:
October, 2011 (China)
December, 2012 (Philippines)
October, 2013 (China)
September, 2016 (South Korea)
- Latin America:
August, 2011 (Brazil)
September, 2013 (Brazil)
September, 2015 (Colombia)
- North America:
October, 2010 (USA)
October, 2011 (USA)
October, 2013 (USA)
June, 2013 (Mexico)
February, 2015 (USA)

Cross-Cutting
Themes
Uncertainty
Aggregation and Scaling

Representative Agricultural
Pathways

Crop Model
Intercomparison
and Improvement

Wheat Sugarcane

Maize Peanut
Rice Biofuels
Potato Canola
Millet/Sorghum Experiment-
Model
Interface

Crop-Water ET

Visit www.agmip.org for more information

and to sign up for AgMIP listserv

Key Interactions

Water Resources
Livestock/Pastures
Soils and Crop Rotation
Pests/Diseases

Ozone

Data and Tools

Data Translators
ACE Database

Regional AQF“QEETT’?IS
Integrated  cjimate Scenarios
Assessments AgMERRA
Sub-Saharan Africa
South Asia

Latin America and Caribbean
North America
East Asia
Europe
Australia


http://www.agmip.org/

o Major New Developments in
MIP i, Agricultural Modeling

e
-
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Ag:

Improved Models and Understanding: Increased focus on heat stress
and crop water / evapotranspiration processes; more diverse applications

Representative Site Networks: Allows for detailed model calibration and
representation of broader production regions

High-performance Computing: Parallel processing on clusters enables
unprecedented computational power

Multi-model Frameworks: Consistently outperform individual models

Improved Climate Data: Continuing ’ii |
advances in historical data and ‘
forecasts on various time horizons

Data Assimilation: Machine learning
and improved remote sensing tools can
constrain crop models
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Representative Networks for
Multi-model Analysis

Canada

Wheat Area

o

[ ]>0-001
[ ]>001-01
T -01-02
B >02-05
o512

Swift Current, Canada
Josephsburg,

Lethbridge, Canada

Lind, USA—e. &
Madison, USA—-——-——'——"""_'. -

Manhattan, USA/'% b Policoro, Italy

Maricopa, USA/'/ Ve{'lt‘a !
Ciudad Obregon, Mexico Sidi El Aydi, Morocco

Toluca, I\/Iexico/.

E

Watkinsville, USA

Harvested Fraction

ltapta, Paraguay————=&-

Santa Rosa, Argentina—\%ﬂ

® | ow rainfall sites
® High rainfall and irrigated sites

Jokioinen, Finland

Alexandria, Romania
Sadovo, Bulgaria
Martonvéasar, Hungary

Wageningen, Schleswig,

Netherlands ~~Germany
strees-Mons, France~x
Rothamsted, UK% %

P TRk

Orleans, France

s Huelma, Spain

Nabeul, Tunisia
Libertinia, Italy

Thessaloniki, Greece
|zmir, Turkey

Ankara, Turkey
Aleppo, Syria

Londrina, Brazil
Balcarce,
Argentina

Aswan, Egypt

Poltava, Ukraine ,Yershov, Russia

Altbasar,
Kazakhstan

Karagandy, Kazakhstan
Samarkand, Uzbekistan

Krasnodar,
[ Faisalabad,
Pakistan

.- . Harbin, China

Luancheng, China

Nanjing, China
Xuchang, China
Dingxi, China
Dinajpur, Bangladesh
Ludhiana, India

Indore, India

Dharwar, India
Ghoochan, Iran

Maragheh,
Iran

Adi Gudom,

Ethiopia
I Wad Medan! Kojonup + IR
g}lﬁgéSouth Sudan Australia Wimmeraw
Merredin,| - Aystralia Griffith
Australia ,

Australia

Sites where 34 Wheat Models have been configured for analysis by the
AgMIP Wheat Team Phase 3 (Senthold Asseng, Frank Ewert, Pierre Martre, et al.)



Data for Agricultural
Monitoring and Modeling




Historical Weather and Climate
Information is Not Easy to Obtain
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World Meteorological
Organization stations:

3 ‘.
Y "R
. LY

HERR LS

WMO Statidns. .
Available h

Subset with useful |
climatologies: = ™

Legend

‘ =T>90% & P>90% ] oo i¥

e L ET>90% &P>50% S5 SOOI SN W T ) (SO SO SO
=T>80% & P>50% Lo’ .

=T>80% & P>30%

=T<80% or P<30%

From Ruane et al., 2014
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Reanalysis:

__Multiple Observations Help us Estimate
R Missing Weather and Climate

and Improvement Project

O7-Jane 1373 12UTC AN data: 7700 abseivabans DE-fueg- 1507 12UTC AN data: 530802 obserations
| ek ol koey; il b adl b all bes ey : ;
ﬁlrrgfmrm"m‘;jtwp_??'ﬁ _ﬂ_'ﬁﬁ:-:'*:r;'H'-'E_"I'G'ﬁ'ili_w":_'-? ot 9P 7 _12nads Euln’;'aﬂf:'-'.h'?ﬁ:'-E'E.li:ﬁ'_é;'rm_gu'::‘_tfaﬂ“%zuj_h'uf_::gnnm.':l::ua::_m.em

b e on Locatons

Dbgamabon Lecaiors

A H E T e
‘5-:'-. e |:!‘ ET

" 1973 - 77K Obs every 6hrs 1987 Z 550K Obs’ every 6hrs’
07-Jan-1979 128UTC All datar 326765 abserd alons

AL UG -._I_:‘F'I LE: L] s

oF-Jan-2006 1ZUTC AN datac 4217655 observabons
‘oiaeinhE 00 =ep P32l ods_warkdrradvE_ ODEbSD0 sap_fH.anapbs.| 57E0107_12z.0ds

&
o

4 - . ‘l!':\ Cxd 1 TR
4 : e T T G y sanbui et g v
T i S Y T e i e Hﬁ W PO
1] ] Lk

1979 — 325K Obs every 6hrs 2006 — 4.2M Obs every 6hrs

Climate Forcing Datasets — combine process-based models with gridded and
satellite observations (e.g., AQMERRA, WATCH, GRASP)
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NASS v. CFSR

Improved Climate Information

Climate Forcing Datasets for Agricultural Applications

NASS v. AgCFSR

Above: 1980-2010 Correlations between National Agricultural Statistics Service (NASS) County-level
production and that simulated by pDSSAT using CFSR (left) and AQCFSR (right) climate data
(from Glotter et al., 2016). Note dramatic improvement in correlations over major agricultural regions

including the US Corn Belt (outlined in black).

14

correlation coefficient



New Weather and Climate Models
and Information Products

The Agricultural
Model Intercomparison
and Improvement Project
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CHIRPS Precipitation anomalies FEWS-Net Land Data Assimilation System
(FLDAS) soil water anomalies

Still need: leaf wetness for pests and diseases 15




Historical Agricultural Information
IS Not Easy to Obtain
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Maize Production (1000s of kg)

UN Food and Agricultural
Organization (mostly
national; not always
reliable)

USDA Foreign
Agricultural Service and
other yield estimators

US National Agricultural

Statistical Service (NASS) W
and similar in other

countries

Very few high-quality
field experiments,
especially long-term
agricultural research
stations
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The Agricultural
Model Intercomparison

World Agricultural Outlook Board

and mprovement Prolect \NWIAS DE . World Agricultural Supply and Demand Estimates

Uses a combination of remote sensing, meteorological indicators, and field reports to
estimate supply changes as information to stabilize commodity markets.

http://www.usda.gov/oce/commodity/wasde/latest.pdf

United States

oepartmentor VWOl Agricultural Supply

Agriculture

USD
=

ISSN: 1554-9089

Office of the
Chief Economist

WASDE - 556

WHEAT: Projected U.S. supplies for 2016/17 are raised on a larger crop that is partially offset by
lower imports. U.S. wheat production is raised for all 5 major wheat classes. Projected imports
are lowered 5 million bushels on larger supplies of U.S. spring wheat. All wheat exports for
2016/17 are projected 25 million bushels higher to 950 million on expectations of an improved
competitive situation and a sharp reduction of EU wheat production, which is expected to benefit
North American suppliers. Feed and residual use is raised 30 million bushels on the larger
domestic crop. The increased use offsets the higher supplies and ending stocks are slightly
lower. The season-average farm price is lowered 5 cents on the low end and 15 cents on the
high end to $3.35 to $4.05 per bushel.

and Demand Estimates

Agricultural Marketing Service Economic Research Service
Farm Service Agency Foreign Agricultural Service
Approved by the World Agricultural Outlook Board August 12, 2016

Global wheat supplies for 2016/17 are raised 2.3 million tons on a 4.9-million production increase 18

=t e martiallhy Aaffest iy 3 Aacrrascs v BamnirnninA ctencle The Riliiceia wiheaat ~cream e raieasd 7 0O
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Ag :':: M| P mtee Foreign Agricultural Service

Use a combination of remote sensing, meteorological indicators, and surveys to identify
problematic areas and compute final production numbers about 6 months after the
season’s end.

http://apps.fas.usda.gov/psdonline/

USDA United States Department of Agricutture
Z Foreign Agricultural Service
World Corn Production, Consumption, and Stocks

Local Marketing Years, Thousand Metric Tons
Date Created 08M12/2016 12:04:50 PN

B Download File (Spreadsheet Format)

201617 201617
201213 2013/14 201415 2015/16 Jul Aug

Production
Argentina 27,000 26,000 23,700 23,000 34,000 36,500
Brazil 81,500 80,000 85,000 63,500 80,000 80,000
Canada 13,060 14,194 11,487 13,600 12,500 12,000
China 205,614 218,490 215,646 224,580 218,000 218,000
Ethiopia 6,158 6,492 6,580 5,050 6,300 6,300
European Union 59,142 64,531 75,840 59,083 63,831 62,104
India 22,253 24,259 24,170 21,000 23,000 24,500
Indonesia 8,500 9,100 9,000 9,300 9,600 9,600
Mexico 21,591 22,880 25,480 25,000 24,200 24,500
Nigeria 7,630 7,700 7,515 7,000 7,200 7,200
Philippines 7,261 7,532 7,671 7,500 8,000 8,000
Russia 8,213 11,635 11,325 13,163 14,000 14,000
Serbia 3,750 5,900 7,700 6,000 7,000 7,000
South Africa 12,365 14,925 10,629 7,000 13,000 13,000
Ukraine 20,922 30,300 28,450 23,333 26,000 26,000
Others 91,579 94,550 57,335 96,125 94,779 94,779
Subtatal 596,543 639,518 652,528 614,239 641,410 643,483
United States 273,192 351,272 361,091 345,486 369,333 384,916

world Total 869,735 990,790 1,013,619 959,725 1,010,743 1,028,399 19




AQ a,.iM|p;::.s.,,te:;m GEOGLAM AMIS Crop Monitor

and Improvement Project

Conditions at a glance for AMIS countries (as of August 28th)

Crop condition map synthesizing information for all four AMIS crops as of August 28th. Crop conditions over the main growing areas for wheat,
maize, rice, and soybean are based on a combination of national and regional crop analyst inputs along with earth observation dato. Crops that are
in other than favourable conditions are displayed on the map with their crop symbol.

e,

v
M GROUP ON =va Monitor EEEOGLAM

AMIS A?:cunml Market EARTH OBSERVATIONS s ageoglam initiatipe Global Agricultural Monitoring 20

rmaton System
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GEOGLAM Crop Monitor

Central America & the Caribbean: Maize

Conditions:

| B

- Favourable
Watch

| L=

| [

B ot -seasen

Bl e oo

Countries:

I:l Early Wamning Countries
Mon-Early Warning Countries

ECEOGLAM

Mt g el Mg

Drivers:

e - ~\
HEBAEOYN
Wet Dry Hat Cool  Extreme Pest&  Delyyed  Socko-  Comflict

Event Disease Orsel  eoonomic

Crop condition map synthesizing information for maize as of August 28%. Crop conditions over the main growing areas are based on a combination of
inputs including remotely sensed data, ground observations, field reports, national, and regional experts. Conditions that are other than favourable

are labeled on the map with their driver.

GROUP ON
EARTH OBSERVATIONS

CED

Crop Monilor

a geoglam initiative

ECEOGLAM

e—

—

— Global Agricultural Monitoring
T —

21



Seasonal Forecasts

§ 7
Ag 4 MIP . of Large-Scale Conditions

IRI Multi-Model Probability Forecast for Precipitation
for September-October-November 2016, Issued August 2016

- T — B Probabilistic Forecasts
Iy & By R Yo tell us basic chances of
. P A s G L, ' below-normal, normal,
= il o RPN e 5 D 2 or above-normal
' :_ N 71 R conditions
s {, L ﬂf NS> YR L > Based largely on sea-
. gt 2 VAN N .1 surface temperature
Fe A%T P &) v v anomalies and large-
2084 X f WK scale oscillations like El
[ & X e, Nifio, North American
»e Oscillation, or the
- g | Madden-Julian
oot sty ootegey. Lot | - - Oscillation
sosJ White indicates dimatology |;
DD fi
e : : : ’ . . > Not all places have a
180W 120W BOW 40w 0 40E BOE 120E 160E . .
significant forecast
Probability (%) of Most Likely Category
Below-Normal Normal Above-Normal
[ [ [
40 45 50 60 70 40 40 45 50 60 70

http://iri.columbia.edu/our-expertise/climate/forecasts/seasonal-climate-forecasts/ 22



... Models enable use of Latest Probabilistic
MIP sz, Weather & Climate Forecasting
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e o R

A

« Crop models can be run for retrospective analyses
and forecast mode

1980 ... 2016 -6 months -60days -15days Present +15days +60 days +6 months

. . Examples: NCEP/NCAR Reanalysis,
Retrospective Climate Analyses MERRA.2. ERAnterim. CFSR

: : - Examples: AQMERRA, WFD-EI,
Climate Forcing Datasets for Agriculture DayMet, CHIRPS, IMERG

Archived by Climate-System Historical Forecast Project
(CHFP) Seasonal Forecasts

Archived by Subseasonal to Seasonal Project Sub-seasonal
(S2S) Forecasts

Archived by THORPEX Interactive Grand Global Ensemble Weather
(TIGG E) Forecasts




Developing Areas — Data assimilation

AQ 4k MIP . for agricultural models

¥
i.l

Plant Fluorescence versus NDVI data

CHIRPS PreC|p|tat|on FLDAS soll Water
anomalies anomalies

Fluorescence from OCO-2 & NDVI

RZSM [mm], 06/08 — 06/10

AgMIP Crop Model Ensemble

o] 50 100 150 200

Crop Conditions at a glance as of January 28th

& cionad

Vi
1 &
L4t
[ arirmered Y \IN Ze
Crop Monitoring —
GEQOS-5 and MERRA-2 from GMAO High-resolution NDVI GEOGLAM or elsewhere
24

Thanks to John Bolten, Christa Peters-Lidard, Joanna Joiner, Sibiry Traore, GEOGLAM Crop Monitor, Joshua Elliott, George Huffman, GMAO



Understanding Global Changes

and Potential Responses of a Linked System
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In coming decades, the world is asking the agricultural
sector to:

- Produce more food to provide healthy food for growing and
developing populations

- Adapt to climate change

- Mitigate emissions from agricultural lands

From Cynthia Rosenzweig, NASA GISS



MI P e The Average Climate Is Changing
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Ag

2081-2100 Zonal Ave 2081-2100 Zonal Ave

020 9N BN =40 0 40 B8O
(*C per “C global mean change) (% per “C global mean change)
0 025 05 075 1 1,25 1,5 175 2 a4 0

* Climate change is projected to increase temperatures and shift patterns of precipitation.

 Temperature increase is not uniform, with land areas and high-latitudes warming at a
greater rate than the global average

* In general -- more rain where it already is wet, lesssadae (pdh Borbaarts, J., Scientific American, 1992

27
From IPCC, 2013
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Agii M|P === Climate Changes Affect Agriculture

Possible benefits

e it =T g . il
s (—J—Ti R }
. CO, Improved water retention g4 AR ‘ LY {1 MR oy,

Increase
precipitation

&
ey
U]

il

¢ #?%"E
. . SEih a1 :y-}
Carbon dioxide xf,}'f?%v
fertilization <t il
. S
S

e

= -
g AR
AT oA AV o AN
-".:r.ii":" i 22kl kel Cnr- b SR

Possible drawbacks

More
frequent

[ AR

SeLiE e

Faster Increased

rowin RIS )

%erio J )it === flooding and
ey e ' salinization

- DT SR S »
- il o B

* Niche growing areas are particularly vulnerable

» Additional fertilizers and water transport will be necessary to maintain
current crop locations

28



4 M| P s Ensemble Results Allow
> i-l Modellﬁtercomurﬂ;&jz_r;cr . .
1 e Metrics of Uncertainty

Modeled Changes . N
in.RCP8.5 DR
Maize Yield

(2080s — present)

Note that all land areas
with agricultural outputs
were modeled — not all
are economically viable

Rosenzweig et al., 2013
Less maize = More maize

<< I Lk

0

5 GCMs, 7 GGCMs; hatched = 70% agreement in sign of change



§ J R Climate Change Is Altering
AQEMIP = the Probability of Extreme Events

| —Nommal Dismibution
— 19511961
—1961-1971
(—1871-1081 i
—1081-1901 |

-——1091-2001
—2001-2011

Climate and global crop

5 34-3-2-101 2 3 4 5
Left: Shifting Temperature distributions
from Hansen et al., 2012

Right: US-UK Task Force Report

« Shifts in average conditions can also alter patterns of climate variability and extremes
« Rainfall is expected to come in less frequent, but more intense, storms
« Climate change can lead to more frequent extremes and thresholds being exceeded

» Crop model projections suggest 1-in-100 Global corn production extreme may occur once
every 30 years in the coming decades 30



Probabilistic Scenarios
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P for Future Extreme Events
Growing Season Rainfall Historical Observations
11.0 | | | Major Drought Scenario
= 10:0 . Wet Period Scenario |
I 9.0 - —
€ 80 |
& 7.0 — |
— 6.0 _\ —
8 50 — —
c
= 4.0 =
o 3.0 — |
2.0 | | | | I I

1980 1990 2000 2010 2020 2030 2040 2050

Years
» Probabilistic climate extreme scenarios of growing season rainfall in the 2030s for
Navrongo, Ghana, combining observed natural variability with CMIP5 climate projections.
« 95% percentile wet period and drought for the 2030s decade shown

Source: Ruane and Fulakeza, in prep (following Greene et al., 2015)



Impacts Response Surface Analysis
Focus on Frequency of Extreme Years

H The Agricultural
Model Intercomparison
ﬁ and Improvement Project

R Ol Mo C L Y Cross-Sactlon at Zero Precipitation Change
T T ¥ 7]

[CO,] -
A - }
>AT ~

™
I ™ g 700
-
8
jD‘. g 600
/ &
iﬂ-h 5 550
8
45
- 120
a : 10
» i 7 ' & " 7 a o 0 1 2 3 a 5 6 7 8
ol @ e i Change in Temperalure
D # of years where yield less than

Mean Yield Change 1in 5-year event in baseline

—-60 5
-80
0
Henry County, Alabama, USA, Peanuts g
= baseline

32
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New diet
preferences may
also be cultivated:

Tilapia and Quinoa?

Food System Dependent on
Climate and Many Other Factors

Farming

Many
Leverage
pili—aiey Points for

Increasing
Resilience

Economic

Fl}I.!TI GAL
S‘E‘STEH L

Ergagarrant

http://www.nourishlife.org/
teach/food-system-tools/

33
Social



Extreme Events and Human Responses
Agi ‘i" MIP e Lead to Important Impacts

N SIS N YIS

eg ECONOMIC - POLITICAL - SOCIAL - TECHNOLOGICAL

!

Food Prices.l.“. /
Weather o qliction RESPONSE (.~ IMPACTS
Events  “gyock — toshocks pyoons.

<2 7/ I~

eg INFRASTRUCTURE - ENVIRONMENT eg STATE - CORPORATE - MARKET

J‘ - o -
- ""‘J > 7 o) O\
4’!'_/ c ) SYSTEMIC ~rlAvy EC)\D\‘

AMPLIFYING AND MITIGATING FACTORS

From US-UK Joint Task Force 34
on Global Food Security
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“Integrated and Coordinated Approach to

Regional

research

on farming
systems using
biophysical and
socioeconomic
models

Production
systems
and
regional
economics

to respond to
price changes

{., High-
resolution
gridded
crop

modeling
. for gap-filling

aml and aggregation

in each region

Global

o economics
with analysis of

2 - world and
regional prices

. H L Lk b L

-20

% change relative to B

53 54 55 56 53 54 55 56 53 54 55 56 53 §

Al ENVISAGE FARM

Understanding Climate Shocks

35
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and Improvement Project

Ag 3':: MIP i Summary and Conclusions

>

Climate variability and extremes require a risk management
framework that explores hazards, exposure, and vulnerability

New climate data sets are useful; more agricultural data needed
= Fill in gaps between observations
= Provide probabilistic seasonal estimates and long-term extreme event hazards

Crop models have great potential to augment existing agricultural
monitoring and assessment systems

= Allow identification and prioritization of early interventions and preventive actions
= Reveal vulnerable regions, systems, and populations

Understanding risk of extreme events requires an examination of

complex food systems

* Includes socioeconomic factors and interactions between local and global
Impacts

» Linked food systems can increase exposure but also provide many opportunities
to build resilience that we can test

= Great need to set up coordinated networks and assessments
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Ag i MIP &b AgMIP Potato Team

Potato Yield Responses to Increasing Temperature

25000 | Bolivia Burundi Denmark United States

20000 | T
. ﬁ @m .
i P! " X

15000 | x e
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Dynamical Downscaling
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» Increasing coordination in
regional climate modeling to
enable more useful
intercomparison, ensemble
approaches, and data
distribution (each uses multiple
GCMs and RCMs):

» ENSEMBLES (Europe)
= NARCCAP (N. America)
» CLARIS (S. America)

= CORDEX
Donatelli et al. have created climate
scenarios for crop modeling in Europe
based upon ENSEMBLES outputs

» Dynamical models should be
able to capture how climate
change interacts with finer scale

» Local-scale circulations
(e.g., mountain/valley or
land/sea breezes)

= Complex topography (e.g.,
differential heating at
higher elevations

Higher resolution does not

necessarily mean higher quality
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