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Ag¥MIPE:

Introduction

The purpose of this handbook is to describe recommended methods for a trans-disciplinary,
systems-based approach for regional-scale (local to national scale) integrated assessment
of agricultural systems under future climate, bio-physical and socio-economic conditions. An
earlier version of this Handbook was developed and used by several AgMIP Regional
Research Teams (RRTs) in Sub-Saharan Africa (SSA) and South Asia (SA) (AgMIP
Handbook version 4.2, www.agmip.org/regional-integrated-assessments-handbook/). In
contrast to the earlier version, which was written specifically to guide a consistent set of
integrated assessments across SSA and SA, this version is intended to be more generic
such that the methods can be applied to any region globally. These assessments are the
regional manifestation of research activities described by AgMIP in its online protocols
document (available at www.agmip.org). AgMIP Protocols were created to guide climate,
crop modeling, economic, and information technology components of its projects.

Various regions of the world are now undertaking regional assessments following AgMIP
protocols and integrated assessment procedures. This Handbook version also has a number
of modifications to the methods and to our description of methods based on what was
learned from the use and evaluation of the Handbook version 4.2. However, it is important to
recognize that the procedures presented here were designed for the data available to the
S8A and SA teams, for implementation of two crop models per integrated assessment
region (at least DSSAT and APSIM), and for use of one socio-aconomic modsl (TOA-MD) in
the integrated impact assessments. Going forward, we recommend the use of multiple crop
and economic models when available, based in large part to lessons leamed in the various
crop model intercomparisons (e.g., Asseng et al. 2013; Rosanzwsig et al., 2013) and on the
global economic model intercomparisions {Nelson et al., 2013). We envision that specific
choices of multiple models may vary among regions, but that a core set of models should be
used such that results can be aggregated and compared across all regions.

AgMIP regional integrated assessments require close coordination among economic,
climate, crop modeling and IT team members within each regional team. Assessments
should begin with regional teams working with stakeholders to define what outcomes are to
be evaluated and then developing details of the specific production systems that need to be
quantified. Each regional research team (RRT) should focus on impacts related to, at
minimum, food production, income, and poverty in their regions; emphasizing important food
crops and quantifying relevant uncertainties. Where appropriate, livestock components of
production systems should be included. Then a plan of work should be developed by teams
that will include AgMIP-recommended methods and procedures to accomplish integrated
assessments and desired compatibility of outputs across regions.

This handbook was written such that it represents a minimum approach that can be
expanded upon in regions where available data and resources allow. The methods and core
approach used by all interdisciplinary research teams need to be fundamentally consistent in
order to enable meta-analyses and large-scale studies. Particular care must therefore be

3
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taken in infroducing new mathods and models that could potentially imit the ability of results
o be compared beyond the immadiate region.

This handboeok is & living document that will continue (o evolve and be improved through
input from the regions as they apply it {o their own situations and gain experience in the
methods that are aimed at helping to unify methods and outputs.

Key Attributes of an AgRiIP Reglonal Integrated Assessment

- Designed with input from stakeholders and policymakers

- Crignted upon production-systems-based approach (rather than specific fields)
potentially including multiple crops, livestock, aguaculiure, and other sourcas of income.

- Transdisciplinary in its linking of climate, biophysical, and socio-sconomic conditions
and responses.

- Flexible in that its framework allows for the testing of adaptations and alternative modesis
and methods across & series of households in 8 given region.

- Addresses core questions of climate impact on current and fulure production systems
{detailed in the next section)

- Galibrated on current production system using available obsernved data with full and
open documentation,

- Examines the impact of both mean climate changes and potential interactions with
climate varability

- Presents resulls in 2 probabilistic manner with acecounting of major uncertainties.

- LUlilizes consistent lerminology across disciplines and among various AghMip
assassments and initiatives,

- Uploads results o an online AgMIP database for archival and cross-regional analyses
with full atiribution of data providers and intellectual contributions.

- Publishes findings in peer-reviewsd joumnals and disseminates information to
stakeholders.

Gore Climate Impact Guestions

AgMIP has identified the following core research questions that motivate research activities
for regional integrated assessments (Figurs 1);

1. What Is the sensithity of current agricultural production systems to climate
change? This question addressas the isolated impacts of climate changes assuming that
the production system doas not change from its current state.

2. What is the impact of climate change on future agriculivral production systems?
This question evaluates the isolated role of climate impacts on the future production system,
which will differ from the current production system due to development in the agricultural
sector not directly motivated by cimate changes.

3. What are the benefits of climate changs adaptations? This question analyzes the
benefit of potential adaptation options in the production system of the future, which may
offset or capitalize on climate vulnerabilities identifiad in Core Question 2 above.
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Figure 1. Overview of core climate impact questions and the production system states that will be simulated.
The current production system is rapresented by the blue dot, while the production of the system is represented
in three ways: assuming that there is no climate change (black}, assuming that there is climate change and no
adaptation (red), and assuming that there is climate change and adaptation (green). The dashed line represents
the evolution of the production system In response to development in the agricultural sector that Is not directly
motivated by climate change. Core Question 2 quantifies the impact of climate change on an adaptation-free
future affected by climate change, and the green line represents the benefits of adaptation In that future
production system. Note that Core Question #1 cannot be depicted on this figure, as future climate impacts will
necessarily encounter a different production system, however this question provides useful context on current
biophysical and soclo-economic vulnerability that motivates Initial investments in adaptation.

As each question is designed to allow a comparison between two different production
system states, Table 1 describes the key climate, crop, and economic modeling components
that will describe and compare these states.

Table 1. Overview of climate (blue color), crop model (green color), and economic model (gold color)
components needed in simulation sets required to compare production system states and answer core questions
#1, #2, and #3. Note that three crop model cases are defined as green numbers, and for this table the future
period is assumed to be the RCP8.5 Mid-Century (2040-2069).

Core Questions Simulation Sets
Climate Change
Current Sensitivity
Current Climate Future Climate

Current Production System | Current Production System

1. What is the sensitivity 1980-2009 Climate 2040-2069 Climate
of current agricultural Crop/Livestock Simulations | Crop/Livestock Simulations,

production systems to no Adaptation (#1) no Adaptation (#2)
climate change? TOA without RAP A without RAP
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Core Questions

Simulation Sets

2. What is the impact of
climate change on future
agricultural production
systems?

Future without Climate
Change
Current Climate
Current Production System
with Trend

1980-2009 Climate
Crop/Livestock Simulations,
no Adaptation (same as #1)

Future with Climate
Change
Future Climate
Current Production System
with Trend

2040-2069 Climate
Crop/fLivestock Simulations,
no Adaptation (same as #2)

Core Questions

Simulation Sets

3. What are the benefits
of climate change
adaptations?

Future Climate Change

Future Climate Change

without Adaptation
Future Climate

with Adaptation
Future Climate

Current Production Sy

with Trend

2040-2069 Climate
Crop/Livestock Simulations,
no Adaptation (same as #2)

Climate-adapted Production
System with Trend

2040-2069 Climate
Crop/Livestock Simulations
with Adaptations (#3)

Key Regional Team Outputs

A number of outputs are anticipated from the sum of RRT activities described in this
Handbook. This list of anticipated activities is intended to be used for RRT planning, and
thus specific outputs and methods are provided in the material that follows. In addition,

339

however, there are several overarching outputs that should be targeted by each RRT. These

overarching outputs are summarized below, along with questions that help motivate the

construction of these outputs.

a. A network of sites where muifiple crop models have been calibrated using

locally representative management, soils, cultivars, and climate to simulate

food production regions that are important for regional food security, with

analysis of calibration uncertainties. Key questions include:

Which important farm systems, crops, and agricultural sub-regions are to be
targeted for simulating regional food security?
What data are available for calibration of crop models and for economic

analyses?

What are the crops’ vulnerabilities to climate variability?
What adaptation measures should be analyzed in the study?
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b. 4 sel of Representalive Agriculfural Pathweays (RAPs) for each reglon for
use in anafyses of reglonal climate impacts and adapiafion. Key quastions
irluce:

«  What cutput varables from global models and analyses are key drivers of
agricultural frends in the region {2.g., climate, commodity prices, population
growth and GDP growth from Shared Socio-aconemic Pathways, and global
represantative agricultural pathwaya)?

s What key regional variables ara likely to be affectad by the higher lavel drivers
{policy, socineconomic, and technology)?

»  What quantitative trends in each of the variables are needed o parameterize
agricultural models {orop, livestock, and economic) for the regional integrated
assessment?

»  What qualitative storylines best describe sach of these RAPs?

¢ Gharacterfzation of hisforical agro-ciimate and cilimate chenge scenarlos
downscaled for use af the reglonsl scale. Key questions includs:
» What ars the most important factors that drive climate impacts on a given
cropiragion?
s What types of climate changes are likely to impact the region?
= What ara the ralative impacts of climate change and interannual variability?
»  Where are agro-climatic impacts likely to be most acute?
»  How certain are projections of future climate change?

d. Assessment of economic impacis for e subsef of agriculiural regions under
future climate changs, adaplation and socio-economic scenarios. Key
questions includs:

v How will climate change affect the distribution of production, incoms, and
poverty in the farm systems of a given region if adaptations do not ocour?

*  What are the projected adoption rates of climate-adapted systems? How will
various adaptations affect the impacts of climate change? Mow will allemative
socio-sconomic scenarios affect the Impacts of climate change?

» How do uncerbainties in key eoonomic parameters affect the projected climate
change impacts?

8. An adeptation package including sgronomic, sconomic, and policy
adaptations that improve oulcomes under future conditions. Kay quastions
inchide:

s What farm-level management adaptations would be beneficial under future
climate conditions?

»  What changes to the production system would increase resilisnce o future
climate challengas?

+ How can these adaptations be represented consistently in orop and sconomic
models?

f. Documentafion for communication o the sclentific communily and fo
stakeholders. This includes web sites, databases, scientific publications, and
reports that have besn communicated to stakeholders.

¥
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AgMIP Standardized Formats and Tools
To ensure consistency in the archival and translation of data and results from AgMIP

integrated assessment regions, several standardized data formats have been created that
will be referenced in the activities below. These standardized formats also ensure
compatibility with stand-alone and web-based tools that will facilitate the execution of
research activities and the dissemination of integrated assessment results.

- .AgMIP climate data format — Standardized format for climate series at a single
location, featuring daily climate data and variables needed for crop modeling.

- Gulde for Running AgMIP Climate Scenarlo Generation Tools with R — This “AgMIP
Climate Scenarios Guidebook” describes how to access the data and suite of scripts
raquired to produce AgMIP climate scenarios using the AgMIP methodologies, using
AgMIP-formatted climate data for both inputs and outputs.

- AgMIP Crop Experiment (ACE) database — contains site-based crop experiment or
farm survey data using a harmonized format based on JavaScript Object Notation
{JSON). The data objects are described as key-value pairs with flexible and extensible
data descriptors based on the ICASA data standards. Data can be translated from raw
format to ACE and from ACE to crop model-ready formats using the QuadUI desktop
utility. These data should be archived in the ACE online database through the AgMIP
Data Interchange (data.agmip.org).

- Data Overlay for Multi-model Export (DOME) - contains datasets for field overays, or
data which were not measured at the ACE sites, but are needed for crop modeling
exercises. These data are estimated based on the best agronomic knowledge of cultural
practices in the region. Seasonal Strategy DOME datasets contain basaline and future
management and climate inputs which are used to modify existing site data for analysis
of hypothetical scenarics. Each DOME dataset will be linked to one or more ACE
datasets. These data should be archived in the DOME online database through the
AgMIP Data Interchange (data.agmip.org).

- AgMIP Crop Model Output {ACMO) — Harmonized format for results of the crop moedel
simulations. ACMO data are linked to both ACE and DOME data. These data should be
archived in the ACMO online database through the AgMIP Data Interchange
{data.agmip.org).

- Cultivar library — This conceptual database consists of a library of cultivar parameters
used for various models. The parameter sets will be stored as JSON objects, files, or
links to other sources. Cultivar datasets will also be linked to ACE, DOME and ACMO
databases to ensure repeatability of simulations. {Not currently implemented.)

- [Economlc model Input and output archlves — This repository will store input and
output data for the TOA model, in the form of Excel files. Each file will be associated
with one or mora ACMO datasets.

- DevRAP - Provides a structure to guide the process to develop Representative
Agricultural Pathways (RAPs), to record and document the information systematically,
and to translate RAPs into model-specific scenarios. We have designed a version called
DevRAP v1.0 to provide a structured format for the parameters needed to run the TOA-
MD model as well as crop models.

- AgMIP ftp site — A temporary fip site has been established to archive data while the
interfaces for other databases are prepared. This ftp site can be accessed at
ftp://data.agmip.org using the usemames and passwords assigned to each team.

8
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- Data Journal — will ba used te publish and permanently archive datasets which are
complete and form the basis of joumnal articlez, web visualizations, or other references.
These published datasets will be asslgned a DOl and can be cited with credit glven to
data authors, as in any other published work.

Guldellnes for Actlvitles for AgMIP Reglonal Research Teams

A lizt of characteristic activities for AgMIP Regional Projects includes eleven categories of
activities along with methods that integrate across climate, crop modeling, economic, and IT
teams. These are presented below. Flgure 2 shows a schematic of the overall components
of the Integrated assessment process. Because of the Importance of close collaboration
among diferent disciplines (climate, crop, economic and livestock if Included In the
systems), regional teams may want to define a subset of the overall analysis to make sure
that all teaam mambers learn how to best interact with other team members to achleve the
overall results. For thls reason, a set of “Fast Track” steps and pracedures ks suggested
when new reglonal teams are first learning how to effectively use these methods {Appendix
1). Here, we prasent the overall activitles nesded to perform the entire Integrated
assessment.

{ Climate data l'ﬁ —{ RCPs | | 55Ps |

L

| crop,Livestock Models Regional <_| Global RAPs
RAPs : |
| :

Experiments, Surveys AgMIP Crop [ Livestock Global & Regional Econ
& Expert data Model Qutput (ACMO) Models

l

TOA-MD / regional
economic models |

J

Economic,
Environmental, Social
Impacts

Prices and Costs

Figure 2. AgMIF Reglonal 1A Framework: Paraliel development of system design, data and modeling to couple
crop & livestock madels with TOA-MD.

1. Scoping of production systems and developing/refining reaearch work plan for
reglonal Integrated assessment. The overall outputs from this set of activities Is a
report describing the reglon, crops selected for explielt modeling, characteristics of the
broader agricultural systems, the avallabllity of data {clmate, crop, soll, and
socloaconomic), and stakeholder Interactions and Inputs. Suggesied components of this
phase of the projects are as follows.

a. Review key project objectives, develop or refine research questions,
determine relevant stakeholders and policymakers, and assign team roles.
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b. Define key production systems to be studied and how they influence food
gecurity in the region. Select crops and livestock that will be explicitly modeled in
the study, other important components of the production system, and important
sub regions that will be modeled in the study (Figure 3).

System Diagram

] E

Household

Farm
Manure

Commercial
Fertilizer

Livestock

Flgure 3. Example diagram describing the major elements and interactions of a production system.

c. Select (multiple) crop models that will be used, keeping in mind that the aim
is to use at least the DSSAT and APSIM cropping system models across all
regions. Assess the level of experience among team members with the selected
models and identify additional capacity building needs.

d. Become familiar with the Tradeoff Analysis Multi-Dimensional Impact
Assessment Model (TOA-MD), the economic model that has been used in prior
regional efforts, or equivalent regional economic model(s). ldentify project team
members who will work with the regional economic model. Evaluate regional
economic model capacity-building needs and team members in the RRTs who
would participate in this training.

@. Produce a work plan that Includes responsible persons, activitles, time
lines, and maps of regions showing administrative boundaries, regions that will
be studied, and points showing where climate and crop data are available. The
report will include specifics of the information obtained in the above paoints,
including the plan for stakeholder engagement.

2. Develop Representative Agricultural Pathways {RAPs) for use In reglonal analysis
of climate impact and adaptation. RAPs provide an overall namrative description of a

10



Handbook of Climate Change and Agroecosystems Downloaded from www.worl dscientific.com
by NASA GODDARD SPACE FLIGHT CENTER LIBRARY on 04/14/15. For personal use only.

344 AgMIP Guide for Regional Integrated Assessments

plausible future development pathway, and also contain key variables with qualitative
storylines and quantitative trends, consistent with higher-level pathways (e.g. SSPs, global
RAPs developed by the AgMIP Global Modeling Group), see Box 1, Box 2, and Figure 4.
Prices, policy and productivity trends should be consistent with the higher-level RAPs or
scenarios that are available (SSPs, global RAPs, CCAFS regional scenarios). RAPs are
translated into one or more scenarios (parameterizations) for the TOA-MD model and crop
models. These scenarios represent a set of technology and management adaptations to
climate change. These scenarios, developed for specific RAPs, will typically include changes
in the types of crops or livestock produced and the way they are managed (e.g., use of
fertilizers and improved crop cultivars).

Procedures for RAPs development should be based on the step-wise process as shown in
Box 1, with input from all components (climate, crop, economic) of the AgMIP Regional
Team. Outside experts may need to be consulted if there is an important area of expertise
not represented within the team. Stakeholders should also be incorporated into RAPs
developed, as described below.

Box 1. Overview of Step-wise Process for RAPs Development

1. A multi-disciplinary team of scientists and other experts is established.

=  Team members need to have knowledge of the agricultural systems and regions to be covered

2. The team reviews general goals and define the time period for analysis and selected higher-level
pathways (Shared Socio-economic Pathways, Global RAPs) to follow the nested approach (Figure 4)

3. Main drivers from higher level pathways are identified (and quantified if possible, e.g. outputs from

global models)

4. Based on drivers and specific agricultural systems, a draft of a title and a short narrative of a RAP is
constructed

5. Based on the draft narrative, the team identifies key parameters that will likely be affected by driving
forces

6. The team draft storylines for each one of the parameters (see Figure 5)

7. The team checks for consistency within the RAP components and with higher level pathways and
models’ outputs

8. Based on consistency check, agreement and confidence levels among team participants, steps 4 -7
are repeated until an acceptable draft of consistent storylines and levels of agreement and confidence
are achieved.

9. The team identifies parameters that will need additional revision (expert opinion, modeled data, etc.) or
that will likely be subject to sensitivity analysis.

10. The team elaborate full RAP narrative

11. The RAP narrative is documented and distributed to other experts, scientists and key stakeholders for
comments.

12. The final RAPs are distributed to the modeling teams for parameters quantification and scenario
development

11
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Flgure 5. Screenshot of the DevRAP tool v1.0
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s, Bullding the RAP narratives and guantitative trends. n this section we outline the
steps to build RAPs narratives for AgMIP's regicnal teams. RRTs should use the
DevRAP tool (See Figure 5) to develop and document RAPs (Valdivia and Antle
20124,

1) Mentify members of the RAPs developrment team. Key members of the research
team representing climate, crops & livestock, and sconomics. Outside members may
be solicited if additional expertise is nesdad.

2) Define ime period for analysis; AgMIP has designated four “tme slices” in the 21%
Century for analysis, current, earby-century (20082038}, mid-century (2040-2089)
and late-Century {2070-2093).

3 Select higher-level pathways: Following the concapt of a nested approach, relevant
narratives and quantitative information from selected higher level pathways {e.g.
58Ps, Global RAPs) need to be exiracted. AgMIP regicnal teams are recommended
to begin using SSP2 (see Box 2 for a summary description).

4} RAPs research process:

a. First meating:
i Start with a “Business as usual” (BAL) RAP
ii. Team members identify key parameters that will likely be affected by
higher level pathways and draft RAF narative
iii. Team members are assigned varables for research
iw. Team members conduct research —use of templates for reporting and
supporting documentation. These templates can be distributed t©
axperts for feedback
b. Second meeting:
i. Team members report findings and discuss storylines for gach
variable
ii. BAU RAP is finalized using the DevRAP tool and complete the
following information:

Complets information for sach parametsn

Direction, magnitude & rate of changa

Marrative logic for changes

Cheok for internal consistence and with higher-level pathways

and modsals’ variablas

Level of agreement among participants

Level of confidence among participants

7. Hlevel of agreement andfor confidence are low, repeat
process until acceptable levels are achieved.
8. Assess whether one or more parameters need to be revised
by other experts or selected for sensitivity analysis.
8. Document source of information (pathway, modal, literature,
axpart).
iii. Additional RAPs are identified
. Process similar fo BAU is camied ouf with edditional background
rasoarch
¢ Meeling(s) to creats additional RAPSs —Follow similar steps as in a and b
. RAFs distributed lo stakehoiders and outside experls
5 Modelers develop Scenarios (see section below)

Bwp

o
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Box 2. Shared Socioeconomic Pathway #2 (SSP2) Summary: Middle of the Road

In this world, trends typical of recent decades continue, with some progress towards achieving development
goals, reductions in resource and energy intensity at historic rates, and slowly decreasing fossil fuel
dependency. Development of low-income countries proceeds unevenly, with some countries making
relatively good progress while others are left behind. Most economies are politically stable with partially
functioning and globally connected markets. A limited number of comparatively weak global institutions exist.
Per-capita income levels grow at a medium pace on the global average, with slowly converging income levels
between developing and industrialized countries. Intra-regional income distributions improve slightly with
increasing national income, but disparities remain high in some regions. Educational investments are not high
enough to rapidly slow population growth, particularly in low-income countries. Achievement of the
Millennium Development Goals is delayed by several decades, leaving populations without access to safe
water, improved sanitation, and medical care. Similarly, there is only intermediate success in addressing air
pollution or improving energy access for the poor as well as other factors that reduce vulnerability to climate
and other global changes.

Source: O'Neill et al. (2012).

b. Quantifying Economic Model Parameters. RAP narratives are next used to
construct parameter sets for crop and livestock models and for economic models,
including TOA-MD. Here we discuss creating parameters for TOA-MD using the
DevRAP tool; research teams can create other parameter sheets for other models they
may be using. The sheet SCEN_STi (where i=strata 1,2...) in the DevRAP tool is
designed to create and document scenarios for the TOA-MD model. One or more
scenarios can be constructed for each RAP as follows:

6) Create name and short narrative to describe the scenario: It is important to document
the key characteristics of the scenario, thus the narrative and scenario name must
contain elements to understand what the scenario is about.

7) Identify model parameters: The DevRAP tool includes the list of parameters used in
the TOA-MD (see Figure 3). The team will identify the parameters that will be
quantified for the specific scenario.

8) Quantify each parameter. use RAP information to assign a value to each parameter.
Data for these parameters can be obtained from the literature, modeled or from
expert judgment, and these need to be documented.

c. Quantifying Crop Model Management and Technology Inputs for Scenarios.
Similar to steps 6-8 above, the team will use the SCEN_CROPSM sheet in the
DevRAP tool to quantify specific crop model parameters (fertilizer level, sowing
density, improved cultivars, etc.) based on RAP narratives and scenario details (e.g.,
adaptation packages).

3. Assemble existing data from experiments and calibrate crop models. The target
outputs from this set of activities are high quality data that are entered into the AgMIP ACE
database and used for calibration of multiple crop models for selected sites. The data and
model simulations will provide scientific evidence that the models are adapted to the crops
and environmental conditions in the region and have cultivar characteristics/parameters that
can be used to simulate the crops that are to be studied in the region. This is what is
typically done in crop modeling training programs and in research projects. It is likely that the
RRTs already have accomplished this for some subset of crops and crop models to be used
in the studies. This activity is intended to document those data and past efforts, bring
together new data, and ensure that the models to be used have gone through this phase of
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work_ It is anticipated that there will be relatively few site-years with data for any of the
selected crops, but those data will be made available in the ACE database and used to
improve the adaptation of crop models for the regions. Suggested components of this
activity are as follows.

a. Assemble data from past experiments for calibration of selected crop
modoels to the region for selected crops. This includes crop, soil, and climate data for
site-specific experiments and fisld trials in the region. This will require input from
crop modslers, climate, and IT project team members.

b. Input data Into sentinel site ACE database for use in multiple crop models.
¢. Using the AgMIP IT tools, create input files for each crop model.

d. Using methods provided by each crop modeling group {e.g., DSSAT, APSIM,
perhaps others), simulate the sentinel site experiments and estimate cultivar-
specific parameters to best simulate the experimental results. These results will help
set cultivar characteristics and perhaps soil conditions for regional simulations to be
carried out by the teams (see below).

e. Secondary focus will be estimation of productivity parameters, relative to
initial conditions, crop residue, soil organic matter pools, and soil fertility for the site-
specific sentinel data (NOTE: these steps will be repeated to be more appropriate
for the regional simulations where site-specific information is not available).

g- Document model simulations (inputs, management, outputs, soil, climate, cultivar
coefficients) by placing them in the ACE database, along with explanatory text
and appropriate tables and figures showing the quality of the calibration of
cultivar coefficients.

4. Assemble and quality-control current climate series. The key products from this
activity will be a high-quality version of in-situ climate observations in .AgMIP format for each
location where crop models will be used, a file documenting the changes made to the
original raw observations, and summary maps and statistics characterizing the region being
analyzed. The following methods are recommended:

a. Assemble and assess quality of station observations.

+ Identify weather stations that best represent selected crop modsling regions.

* Obtain as much of the 1980-2010 period as possible (Daily precipitation,
maximum and minimum temperatures, solar radiation or sunshine duration,
wind speed, dew point temperature, vapor pressure, and relative humidity).

+ Convert to .AgMIP units and format with missing data given a value of -88. The
AgMIP format is described in the AgMIP protocols available at
hitp:/iwww.agmip.org.

* Name the climate series site with a 4-character code (first 2 characters from
internet country code and second 2 characters representing location) following
the guidelines in the AgMIP protocols (e.g. “NLHA” for Haarweg, Netherlands).
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* Begin a text file to document changes made in the quality assessment and
quality control of the raw files {e.g., “NLHA.info").

* Identify outlying (+/- 3 standard deviations probably deserves a closer look) and
questionable data that may be corrupted. The best approach remains plotting
out the dataset elements as time saries to see if anything looks amiss.

+ Check to see if data are plausible physically {e.g., questionable value
supported by other variables), temporally (e.g., questionable value supportad
by preceding or following values), or spatially {(e.g., questionable value
supported by neighboring stations). If values are not plausible, replace with a
value of -99.

* If vapor pressure, dewpoint temperature, or relative humidity correspond to a
time of day other than mid-aftemoon (~maximum temperature), approximate
values at the time of day of maximum temperature will be computed, by
conserving more robust dewpoint temperature or vapor pressures (which can
be calculated using temperatura at time of measurement) and then
recalculating relative humidity using maximum temperature.

b. Obtain background daily climate time series (1980-2010) from the AGQMERRA
dataset provided by the AgMIP Climate Team (Ruane et al., in preparation). The
output of this activity will be a complete set of estimated daily climate data for use in
filling in missing data for observation stations. (If the observational dataset is fully
complete this step may not be necessary). Until the AJMERRA dataset is fully
accessible online, latitude and longitude coordinates for each location to be
simulatad may be sent to Alex Ruane (alexander.c.ruane@nasa.gov) to obtain this
dataset in the .AgMIP format.

¢. Flil In missing/flagged observatlon data using station observations and the
AgMERRA estimated climate series. Note that two overlapping observational sets
may be combined in a similar manner. This set of activities will provide a continuous,
complete, physically-consistent daily climate series from 1880-2010 in .AgMIP format
for use with the crop models. Suggested steps are:

* Go through station observations and fill in all data gaps as follows.

» Use simple interpolations for short data gaps (e.g., if 3 or less days are missing
fill in by interpolating from good values on either side). Use caution if strong
outlier exists on either side as this may not be an effective approach (e.g., if
strong rain event precedes data gap we can't assume that it will have persisted
throughout gap.

* For moderate gaps (e.g., 4-10 days) use background dataset to fill in gaps and
bias-correct using surrounding good data (adjust mean to ensure approximate
continuity with beginning and end points).

* For longer gaps use background datasets to fill in gaps and bias-correct using
climatological biases calculated by comparing background dataset to good
station observations (e.g., if July Tmax in background dataset is typically 0.6°C
too warm, subtract 0.6°C from background dataset when filling in a July data
gap; if observed rainfall is typically only 80% of background rainfall in Octobar,
multiply background dataset by 0.9 te fill in October gaps).

+ Ensure that filled in data are physically plausible by checking the following:
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o Relative humidity doos not exceed 100%

o Relative humidity, vapor pressure, and dewpoint temperature are
physically consistent at time of day of maximum temperaturs,

o Solar radiation is not greater than astronomical maximum {(can use
historical monthly maximurm as proxy) or below zero.

o Maximum temperature is at least 0.1°C above minimurm temperature,

d. Approximate climate ime serles In reglons for integrated assessments. This
set of sctivities produces a set of climate time seres that corresponds to each grop
or livestook modeling location in an infegrated assessment region and forms the
1880-2008 (current) climate series identified in Table 1. {Note that this procedure is
awtomatad in the AgMIP Climate Scenarios Guidebook using the “farmclimate”
routing). Working with the crop and economic modeling teams, recommended
methods include:

o (Oblsin desired lathudes and longitudes Tor each integrated assessment siie to
be modeled. Names each station with a 4-character code.

s ldentify as many weather stations in {or nearby) region as possible. Quality
control these datasets following methods above, then assign each of the
integrated assessment locations to the most representative weather station
{“cormesponding station” may not always be selected by geographic distance
alona, but may also factor in climatic zones andfor elevation).

»  |f there are additional precipitation gauges (where other variables are not
observed), determing which infegrated assessment locations correspond to
these and start with this precipitation recond,

» Estimaie differences in monthly climatologies between integrated assessment
locations and corresponding station location using AgMERRA dataset (if
distances are greater than ~S0km] or WorldClim dataset {f distances are less
than ~50km). Adjust corresponding station in a manner similar to the gap-filling
bias adjustrment to estimale inlegrated assessment ciimale series.

e. Create an AghiP Agro-climatic Atlas for Current Period Climate. Thig allas
will contain maps of important agro-climatic variables for the region. Recommended
methods include:

*  Generate regional maps of mean temperature and precipitation during histoncal
baseling period from observational data and from GCMs 1© be used in scenario
generation.

e Jdentify agriculiurally important climate metrics. I region is alfected by a
prominent monsoon, determine which monsoon metrice are important to
regional agriculture. Compara colimata information with planting rules of thumb
from farmers and/or crop model configurations if possible.

+  Calculate these metrics and produce maps using observational products during
the historical bageline period (in consultation with local experts and
stakehaldars).

*  Analvze uncertainty among observational products (if available) as reference
for fiiure unceriainties.
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5. Assemble data and simulate crop models for analysis of yleld varlations. The major
outputs of this series of activities include simulations of yields by multiple crop models for
multiple sites within the study region. Idsally, regional projects will use on-farm survey data
for which the crop models can be used to simulate each field that was surveyad. This will
provide simulated results for the “matched” case where the models use climate, soil, and
management for each field to simulate productivity that is then “matched” with observed
yields for each field. In order o simulata each field, the teams will need to make
assumptions about crop model inputs that are needed but not collected in the farm surveys.
These assumed inputs should be developed with advice from agronomists in the region, and
they will be documented along with the observed field survey data for each simulated result.

Crop modeling team members should analyze these matched results to be sure that they
waere correctly produced with well-defined and documented inputs and to be surae that results
are reascnable. Invariably, there will be biases between simulated and observed survey
data, and the modelers should analyze means, variances, biases, and other characteristics
of the results prior to confirming that they are ready for use in the economic analyses.

A summary spreadsheet file (ACMO) will be prepared by the crop modeling team for use by
the economists. This file will document all of the inputs and assumptions used in the model
simulations as well as provide a summary of crop productivity outputs (e.g., yield).

If farm survey data are not available, crop modelers should work with multiple years of
historical yield statistics at a district level. In this “unmatched” case, simulated yields cannot
be matched one-to-one with observed famm field survey data, and variations in climate, soils,
and management inputs across the region will need te be defined and sampled from. This
should be done in a representative manner based on available information and expert
opinion, particulary about variations in management practices across farms within the
district. In this case, comparisons of crop model results will be aggregated to a district level
for comparing with district yields and analyzed. Also, a report should be written on methods
and results of crop model calibration, aggregation methods, uncertainty associated with
seasons, and biases relative to regional aggregated yields.

Recommended steps include:

a. Matched Case. Assemble matched yield case data from household farm survey
from sub-regions, where crop yield and minimal management {sowing date,
fertilization, etc.) are available along with household economics information for
50 to 200 farmers. If it is not possible to simulate each field to produce matched
outputs, crop modelers will need to use procedures for unmatched results (see
5.c. below and Appendix 2).

* Follow the morse detailed instructions in Appendix 2. You will nead to
enter yield survey data into Matched_Survey Data.lmport.xisx
spreadsheets and download AgMIP Tools from the http://ftools.agmip.org/
website.

*  Work with regional Agronomists and Soil Scientists to identify the most
likely soils for each field in the survey, and create the Field_Overlay
spreadsheets that fill in the information missing from the survey, such as
initial soil water, initial nitrate and ammonium, soil organic carbon
degradation, fertilization dates, prior crop residus, stc. Work with Climate
colleagues to identify climate information/sites.

* Use the QuadUl tool software to convert these spreadsheets into model-
ready input files for multiple crop models.

* Use crop cultivar coefficients that have been calibrated with independent
sentinel site data in the region (from procedure # 3 above).

18



Handbook of Climate Change and Agroecosystems Downloaded from www.worl dscientific.com
by NASA GODDARD SPACE FLIGHT CENTER LIBRARY on 04/14/15. For personal use only.

AgMIP Guide for Regional Integrated Assessments

«  Simulate the matched case survey data, compute means and standard
deviation of observed and simulated. Analyze simulated results by
computing various statistics and compare with observed statistics,
including comparison of yvield distibutions, means, variances, and
characteristics of bias between observed and simulated vields and
putliers. Depending on these analyses, crop modelars may degide to
accapt these inputs as basaline soils and management conditions for
further analyses or they may nesd to make changeas in the assumptions in
conjunction with agronomists familiar with production in the region.
Standard output files (ACKMO) are used to provide crop model inputs and
outputs for use by economists. See Appendix 2 for advice on analvzing
cumulate probability distribotions.

b. Simulate Yislds for Household Survey Farms. Using each crop model,
gimulate crop ouipuls accounting for the distribution of climale, scils, cultivars, and
management pragsent in the region for use in the economic mods! analyses. Crop
modelers will create ACMO files that include metadata for all “production” inputs
used to simulate the fields and a summary of yield results for sach field. Methods
include:

e A distribution of production snvironments and management will be determined
based on the field surveys {or on unmatched distributions of inputs, sea 5.d).
Each RRT will determing the best source of information for creating these
muitiple within-region environments and management systems to best
represant the inherent variability that exists in the regicn. This is an important
decision that needs i be made by crop, dimate, and sconomic Bam members
working together.

= Model simulations will be conducted over the distribution of weather stations,
soils information, sowing dates, cullivars, residue return, soil organic matier
pocls, and fertilization that reprasents the region being predictad. Prepare data
fila that contains all of the information used to produce the simulations and on
ey outputs such as crop yvield for use by the economic team (ACMG file).

*  Crop modeling leams should analyze results and write appropriate reports and
publications documenting and interpreting the biophysical implications of
climate change and RAP-hased adaptation options that are included in the
analyses.

»  Document model simulations (inputs, managernent, oulputs, soil, climate,
cultivar cosfficients) by placing them in the ACE database, along with
aexplanatory text and appropriate tables and figures showing the yield
probability distributions {using probability of sxceedance), analyses of
rasiduals.

«  Create maps and summary statistics e.g., spatial disbribution of climats, soilg,
management, and vields lHustrated in GIS mapping methods

. Unmatched Survey and Simulation Fields {or Begional Historie Yields). If
thers are no yield data available from household surveys, it will not be possible to
simulate a vield for sach farm as in the matched data case. In this cass, crop
modelars will need o work with sconomist team members and agronomists in the
region o assamble information on variations in managemeant and scils in the region
for this “unmatched” case. Assemble soll, typical management, and typical cultivar
irformation for the region along with long-term crop statistics data {for district leve!
or highar) for use in evaiuating crop model abiliies to simulate regional vields and
production. Methods for doing this are:

»  Yield stalistics of crops will be collected for the region over historical ime

periods of 30 vears,
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= Dultivar life ocycle information will be assumed comect from the site-specific
sentinel site data.

= Burvey informaltion will be collected with input of agronomists and soil
scientists, to represent the distribution of weather stations, soils information,
sowing dates, cultivars, residus return, soll organic matter pools, and
fertilization that represents the region being predicted.

= Use QuadUl software tool (as above) to creale model-ready input files for
rmultiple crop models to simulate histodc observed years as well as future
climate and adaptalion-RAPs scanarios.

=  Similar to the matched case {5.b), crop modelers will create ACMO files for use
by economists and prepare reports and publications that describe and interpret
biophysical rasults of the study,

»  For purposes of evaluating crop model abilities for simulating regional or
district-leve! yislds, crop model teams should aggragate yaarly simulated
results (over climate sites, soils, sowing dates, cultivars, management) to the
district level yield for comparison with historical district vields {e.g., comparing
distributions of simulated and observed yislds, mean annual bias, afc.).

* Document model simulations (inputs, management, cutputs, soil, climate,
cultivar coefficients) by placing them in the ACE database, along with
explanatory text and appropriate tables and figures showing the vield
distributions, analyses of interannual and spatial variations.

«  Create maps and summary statistics e.g., spatial distribution of climate, soils,
managament, and yvields llustrated in GIS mapping methods

6. Asgsemble economic data for regional economic analysis and develop skilis for
using the reglonsl economiec model. Oulputs from this set of activities include ot least
o aconomist members per project taam that are capable of pearforming sconomic
analyses in their respective regions and data assembled on baseline sociosconomic and
agricultural production data in their regions. An output will be orop modeders and
econcmists with experience in interdisciplinary collaboration in co-developing data sets
for use by both teams {e.g., historcal vields and socioeconomic survey data), with the
data input to the AgMIP database. Another output is the TOA-MD mode! set up to
simulate economic outcomss for the region, using bassline sociosconomic data. Specific
steps include:

a. identify economic survey data and corresponding study components (8se
the TOA-MD model and supporting documents for further detalls).

. Work with the climate and crop model teams to produce and analyze basaling
crop simulations for sites that are jointly selected for the region, bassd on available
data from regional statistics and/or on-farm surveys. This step requires direct
cooperation among disciplinary team mambers and relies on the above steps on
collscting cliimate series and calibration of crop models for regional vields,

c. Estimate sconomic model parameters using the avallable data {sse the TOA-
WD model and supporting documents for detalls).

d. Prepare a report {following AgMIP template) describing the existing systems and
documenting the data usad for regional sconomic analysis and parameter estimates.

7. Greate downscaled climate scenarios, based on AghMIP protocols, Tor use in the
assessments of climate change studies, and provide future scenarios for use with crop
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models in the AgMIP database. Note that these procedures are caplured in scripts contained
in the AgMIP Guidebook for Climate Scenarios. A key output from this set of activities will
be future climate scenarios derdved from the katest IPCC climate models and downscaled for
use in the target regions. These scenarios will be in the AgMIP dimate data format and
ready for multiple crop mede! simulations of impacts and agriculiural adaptation for each
ragion. in addition, a climate atlas will be produced of impartant climate variables and
derived agriculturally-important indices. These atiases will include maps for use in scientific
publications and for communication of results to stakeholdsrs.

& Greate CMIPS delta-based climate scenarios. These scanarios will be based on
historical baseline daily climate data, with each day’s weather variables perturbsad
using the changas in climate modsl outputs for fulure time pericds versus thoss
same model outputs for the historical tme period. These scenaros are made using
the "agmipsimpledela” routines in the AghiiP Guidebook for Climate Scenarios, and
will be craated for sach crop modeling site for the 5 GOMs emphasized for the core
climate impact questions and for all 20 CMIPS GCMs for the best-calibrated site in
the region. Specific methods includs:

#  Fgr each of these sites, calculate monthly changes in comesponding mean
maximum temperaturg, minimum lemperature, and precipitation by comparing
future 30-year climate periods (AghIP defines three main time periods: “near-
term™=201 0-203%; “mid-century™2040-2069; and “end-of-century™=2070-2088})
o the baseline climate period (1880-2009; use RCP 4.5 for 2006-2008 perod)
from the same GOM. The Mid-Century RCP8.5 is the priority period for
Basessment.

» impose these monthly changes on baseline climate series for all selected siles
by adding temperature changes o the baseline record and multiplying by a
precipitation change factor.

*  Assume that solar radiation, winds, and relative humidity are fixed at the same
values that weare in the historical ime series. Ensure that vapor pressurs,
dawpoint temperaturas, and relative humidity are physically consistent at timse
of maximurm daily temparatures {warmer temparatures have higher vapor
prassures and dewpoint lemperature af same relative humidity).

»  This will result in a 30-year AgMIP-formaited climate series for a given future
perod and GOM. Scenarios should be constructed for all 20 CMIPS climate
medsls at the bast-calibrated site in the region, whils scenarios for the other
crop modeling sites (farm survey sites) are only required for the § GUMs
(COSM4, GFDL-ESM2ZM, HadGEM2-EZ, MIROCS, and MPRESM-MR} in focus
for the core climate impact questions (identified as the 2040-206% [future)
climate sariss in Table 1.

b, Create AghiP Agroclimatic Atlas that shows future climate change
scenarios with uncertainties using maps with probabilities. These maps and
summary results will be published and also communicated (o stakeholders. Specific
methods are:
+  Produce region-wide maps of CMIPS climale change projections, including
median changes in mean guantities, vardability, and extremes {along with
coresponding uncertainties) for lemperatures and precipitation.
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«  Also produce maps for agricuturally important climate metrics under future
climate conditions for comparing with those produced for historical baseline
climates.

*  Place growing season temperature and precipitation changes from the 5 core
quastion GEMs in the context of the wider CMIPS ensemble (e.g., with scatter
plots or monthly box-and-whisker diagrams).

e. Greate CHMIPS mean and varlabliity change scanarios. This activity will produce
AghiiP-formatted climate scenarios including both monthly and sub-monthly
changes in temperature and precipitation. These procedures are captured in the
“agmipsimple_mandy” scripts in the AgMIP Guidebook for Climate Scenarios. In
many regions thers are not sufficient resources or available regional dimate model
{RCM) resulls to capture important uncertainly in climate projections, however where
these are available they are particulary helpful for their representation of sub-
seasonal melrics that are often affected by smaller-scale atmospheric dynamics.
Suggested methods include:

Caloulats monthly changes in mean maximum temparatuns, minimum
temperaturs, and pracipitation by comparing future 30-year climate periods to
the current climate period from the same GOM/RCM combination {where
available).

= Dalculate monthly changes in the standard deviation of maximum temperabure,
the standard deviation of minimum temperatura, and the number of rainy days
{pracipitation=0.1 mm) by comparing future 30-vear climate periods to the
current olimate perod from the same GCM/REM combination {where
available). The shape parametsr of the gamma distribution for wet events may
glso be of interast fram ROM resulls, but is generally not of sufficient quality in
GOM simulations.

* Impose these monthly changes on baseling climate series for all sites used in
the analyses using a stretched distribution approach that adjusts each event by
comparing existing and desired values by distibutions! percentiles.

°  Assume that solar radiation, winds, and relative humidity daily varables from
the historical daily climate records are unchanged. Ensure that vapor prassure,
dewpeint lemperatures, and relative humidity are physically consistent at time
of maximum daily temperatures.

*  Produce mean and variability change scenarios for all 20 CMIPS GCMs at the
hest-calibrated site in each region,

d. Create Mearterm climate scenarios {optional). This activily will produce
LAghiP-formatted climate scenaros for the Near-term {(2010-20388) period, where the
influence of climate varability is likely to be at least as large as that of climate
change. Methodologies and tools for this procedurs ars based upon Greene ef al.
(20128,b). While these methods are still under development, we outling them here:

«  (Obtain long-term temperature and precipitation records from at least 1960-2010
{e.g., from CRU, GPCC, and University of Delaware sets) and CMIPS GCM
outpuls over the 1860-2039 period.

«  Galoulate GOM-gnsemble growing season pracipiiation and masdrmum angd
minimum emperatures to represent anthropogenic influence on region.
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»  Smooth observations for each location using 30-year smoothing window
representing long-tenn trend and variabilthy.

s Subtract average of smoothed observations and GCM trend from annual series
of growing season obhservations at each location to obtain ime series of natural
vardability {may add weight to 30-year smoothed observations if ciroulation
anomalies or thresholds are known (o have responded 1o anthropogenic
forcing ).

= Transformn the nalural variability time seriss inle principal components.

s Uss top 510 Empirical Orthogonal Functions (EOFs) to it vector auto-
regressive model, and use this model {o create 10,000 years of natural
variability for each site.

o Select from the distribution of decadal rainfall totals in this record and from the
distribution of CMIPS GCM frends in order 1o create a 30-yvear Near-term
scenaric designed {0 examine particular vuinerabilities in the agricultural sector.

»  Construct a daily time saries in .AgMIP format that matches the seasonal
properties in the Mearterm scenario using analog months from the AgMERFA
daily climate sedes used in Activity 4 above.

8. Gonduct multiple cropfivastock model simulations at all cropflivestock modaling
locations for the three cases identified in Table 1:; #1) current climate with current production
systems lachnglogy, #2) future climate scenario{s) with current production technology (no
adaptation), and #3) future climate scenario(s) with adaptation. In addition, examine full
3CM ensemble for a single, best-calibrated and representative site in each inlegrated
assessmant region (these lalter results will not be passed on to economic analysis).

Oitputs should ba reviewsd by crop modaling team members working clossly with sconomic
and climats eam members to ensure the resuits are plausible, e.g., that there are no
unaxplained outlisrs. Whan the team has finalized the crop model simulations and
summarized outputs in the ACKMO fils, outputs from the thres cases will be used by the
aconomists in the TOA-MD sconomic modeal, and outputs from the single location GCM
ensemble simulations will be used by the climale team members 1o place the subset of
GUMs in context.

a. Simulate yield distribution across all farms for the core climate impact guestion
cases. This includes simulation of responses across GCMs, farms, and across years
within the 30-year periods. Multipls cropiivestock models will be used o simulate
varations in climate, solls, and management, thus obtaining within-region variability of
production. These results will be put into the AghiP ACMO database for use in the
sconomic analyses.

*  Gase #1: Current ciimate with current production systems technology: Simulate
current period climate series (identified as planting years 1980-200% in Table 1}
for all farms using the 30-year climate series created in Activity 4 above, current
production systems and a GO, concantration of 360ppm for all vears (see
Table 2}.

v Case #2: Future ofimate scenariofs) with curment production technology fno
adaplation); Simulate future period cimats delta-based climate scenarios
{beginning with RCPA.8S Mid-Century, identified as planting vears 2040-2068 in
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Table 1) for all farms using the 30-yvear cliimale series created in Activity 7
above, current production systams and a CO; concentration corresponding to
the central year for all simulations (see Tabde 2). Run scenarios for at lsast the
following GUMs: CCSM4, GFDL-ESM2M, HadGEM2-ES, MIROCS, and MFP(-
ESM-MR. This GUM subset was selected to save resources due to their long
histery of development and svaluation, a preference for higher resolution, and
established performance in monsoon regions.

s Organize simulated vislds and enter those resulls into the AgMIP Crop Mode!
Cuiput database (ALMO), which containg variables nesded by the economic
bearn mombers for the regional economic model analyses.

s Create and document an adaptation package vie collaboration betwesn the
crop and econamic modseling team. Adaptations connected to vuinerabilities
igdentified in a comparison between Case #1 and Case #2 results are prefamad
{e.g., heat or droughi-lolerant cultivars; dramatically shifted sowing dales;
added irmigation; subsidies for improved saed). Improved managemant that is
not diractly linked with climate impacts on the region are better handied as part
of the representative agricultural pathway that defines future production
gystems prior fo climale change adapiations.

v Case #3: Future climale scenariofs) with current produciion technofogy with
adaptation: Simulate future period climate delta-based dimate scenarios
{baginning with RCP&.5 Mid-Century, identified as planting years 2040-2068 in
Table 1} for all farms using the 30-year climate series created in Activity 7
above, current production systems plus the adaptation package identified
above in Activity 8a and a 00, conceniration corresponding to the central year
for all simulations (see Table 2). Run scenarios for at lsast the following
GCMs: CCBM4, GFDL-ESM2M, HadGEMZ-ES, MIROCS, and MPLESM-MR.

o Summarize yield impacts in tables, graphs, and maps for publication and
communication to stakesholders. Includad in thase tables, graphs, and maps
should be;

o within-region varability in impacts, and

o uncertainties associated with crop models and climate models

o interpret reasons for variations among crop and olimate models and
households

Tabbe 2: Cantral year carbon dioxide concentrations for AghilP dlimate scenarios and time poricds, with the
Current and ROPS.S Mid-Century time periods highlighted as they will be the prirmary focus of integrated
mssossment. Thess are the concentrations to be used for all years in @ given scenario experiment.

Seenario and Time Planting Year

Parlod Goverage Mid-vear JEO
Gurrant 1980-2008 1985 360 ppm
RCP4.5 Near-temm 2010-2039 2025 423 ppm
RCFS.5 Near-temm 2010-2039 2025 422 ppm
RCP4.5 Mid-Century 2040-2068 2055 458 ppm
RUPS.S Mid-Cantury 2040-2068 2055 571 ppm
RCP4.5 End-of-Century 2070-2009 2085 532 ppm
ROPE.5 End-of-Cantury 2070-2088 2085 801 ppm
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b. Simulate Impacts of full ensemble of climate changes from all 20 CMIPS
GGMs on single, best-calibrated site in integrated assessmeant ragion.

Compare climate impacts from all 20 GOMs using both delta-based [mean changes
only) and mean-and-variability scenarios, place the § GCM-subset in this broader
context, and estimate influence of variability changes. I these simulations suggest
that variability changes are substantially important, these scenarios may be used
instead of the dela-based scenarios for core guaestion economic analysis if resources
allow,

¢. Simulate impacts from Near-termn climate scenarios (optional}. Conduct
simulations for planting years 2010-2039 at the best-calibrated and most
representative site using the Near-term climate scenanos created in Activity 7 above,

9. Analyze regional economic impacts of climate change without and with adaptation
using the reglonal economic model. Cutputs will be impacts of climate change on
agricuitural production, famm income and poverty, and projected rates of adoption of adapted
gystems. To the extent possible, teams should use these results of these sub-national
analyses to draw implications for the national impacts, e.g.. by exirapolating impacis o
regions with similar production systems. The AgMIP regional integrated assessment
framework is summarized in Figurs 1.

#. Economist team members will use the methods outlined in Appendix 2 to use
crop modal simulatad yields to estimate regional economic modsl parameaters.

b. The economist team members will use the TOA-MD {or similar) regional
seonomic model to analyze the impacts of climate change for gach of the
goonomic maodel simulations identifiad in Table 1, using crop/livestock model
cases #1-43, which together address the three core climate impact questions:

+ 1. What is the sensitivity of current agricultural production sysfems fo
climate change?

« 2 What is the impact of climate change on fufure agriculurs! production
systems?

s 3 What are the benefils of climate change adaptalions? For this analysis
the econemists will first work with the orop modeling team to identify an
adaptation package that includes croplivestock and economic model
parameters representing adaptations designed to address climate
vilnerabilities and opporunities identified in guestions 1 and 2 above,

¢. These results will be summarized with graphs and reports for scientific
publications and for dissemination to stakeholders.

1. Archive data and analyses of results for Integrated assessmants

An important output of integrated assessments will be databases for the regions that will
include climate, soil, managemant, expariments, surveys, regional aconomic model
paramaters, and historical yields that will have been used for the analyses in this set of
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projects that will be highly valuabls for additional ftlure analyses as models improve,
ressarch and policy quastions change, and adaptation approaches svolve, These archived
data will be availlable for broad use, although it ie recognized that some data used in the
projects (such as daily climate data in soma cases, or confidential survey data) may not be
archived due 1o intelleciual propery rights and data policies. Additionally, archived results
from olimate, crop models, and economic models will serve as the source for various
publications and presentations, including web-basad information that will be made available
for stakeholders. A well-documented archive of AghMIP experiments, outputs, and analysis
tools will facilitate future improvements in capabiliies © perform integrated assessments of
climate change impacis and adaptation at site and aggregated scales.

Figure 4 presents & data flow diagram for AgMIP Regional Integrated Assessmants. Data
created using the tocls and procedures outlined in this document should be archived in
AgMiF databases. Research teams shall contribute data to ACE [AghiiP Crop Experiment),
DOME (Data Oveday for Multi-modsel Export), ACMO (AgMIP Crop Mode! Output) and
Ragional Economic databases. The AgMIP IT Team will provide tools and training through
the regional workshops and web tutorials so that RRTs can interact with the ACE, DOME ,
ACMO and regional economic databases directly through the AgMIP Data interchange
{data.agmip.org) which connects 1o AghtiP daia nodes, This will allow for storage of
standardized databases of crop experments and yield trials for the region and oulpuls of
crop model simulations.

Daia to be archived includes:
a. Climate data
«  Observed weather dats for crop model calibration
= 1880-2010 gualiy-controlied daily olimate data for use in the AghiP regionsl
assessment
» futurs ensembles of daily climate scenarios
b Crop Modeling
»  Harmonized (ACE and DOME) data associated with detailed calibration data
from field experiments or other sources.
»  Calibrated cultivar parameters
+  Soil parameters as modified by modalars used in simulations
»  Harmonized data associated with farm survey sites for regional assessments
using baseline and fulurs conditions (ACE and DOME data)
+  Crop model outputs for survey, baseline and various fulure climate conditions
{ACGMO data)
«  Text summary of climate impacts on visld, considering crop management in
survey fields
¢. Economic data
» Inputs io regional economic medels (including survey metadata)
+  DevRAP matrix spreadsheet including output data from global economic
models used in the RAPS and productivity trends — osv format,
+  Regional sconomic model outputs - Impacts of elimate change on agricuitural
production, farm income and poverly, and percentage of winners and losers
and predicied adoption rates of adapted technologies in spreadsheet format.

A deskdop ulility is under development that will combine all of the steps required for a
regional assessment researcher to input and manipulats farm survey data and convert to
ACE format, creats fisld ovarlay and seasonal strategy DOMES, gensrate model-raady data
for the user's models of choice, harmonize simulated mode! outputs into ACMO format, and
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store all data to the server in linked ACE, DOME and ACMO databases. Users will also be
able to use the utility to query the databases for existing datasets. The utility is a
combination of the spreadsheet template data entry, ADA, QuadUl and ACMOUI with
additional linkages to the online databases.

Raw Data Research Actlvitles Data Products

Historical weather daia

GCMs and RCMs
ICRISAT n

Daily weather data

= —

Detailed fisld expsriment data DOME.
* sulis database
* management
e
* waather
ACMO
database

ol
Vr

Harmonized crop model data
ACE data Cultivar library|

DOME data

e R
T ]

Economle
model in
ACMO ur::hlva':'ut
L Economle
ve
Ecanomic modeling data Published dat

Regional econarmic
model Inputs

Regional econamic
model outputs

Figure 4. Data flow diagram for AgMIP Regional Integrated Assessments showing AgMIP
data products and archive databases

Data Joumnal | |

11. Disseminate integrated assessment results. The key outputs from this set of activities
include scientific publications, project reports, results summarized on regional web pages
linked to the AgMIP web site, and workshops with stakeholders. Initial and ongoing
interaction with stakeholder and policymaking communities are likely to be as valuable as
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the dissamination of results to these communities, as early and consistent interactions
increass buy-in and help develop & more useful and efficient research project

a. Develop RRT-specific web pages for the AglilP wab site. The AghMIP IT Team
will provide information on how o create region-specific web pages and will give
regional IT team members access 10 create and maintain that web information. Each
ragion will have its project goals and mathods on the site as well as pictures of
project activities, output tables, maps, and graphs, as well as news items, for
example.

b, Gonduct project workshop with stakeholders.
¢ Invite stakeholders to S84 and BA workshops
*  Crganize stakeholder sessions at & region-specific workshops to keap them
informed and leam from them what information they need for their planning and
poticy-making responsibilities

¢. PFrapare sclentific publications. AgidiF research is dasigned to provide results
that are well-sulted for pasr-reviswad journal publications and informing national and
regional publications related to climate vulnerabilities, economic development, and
adaptation/mitigation planning relative to food production and food security.
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Appendix 1

Fast Track™ Proof of Concept Integrated Assessment Exercise

Bacause of the coordination needed among different science disciplines in the AghMiP
regional integrated assessment afforts, each AgMIP regional team should parform a “proof
of concept” assessment on a fast track to help everyone on the regional teams 1o
understand their roles and the interactions that must take place among different disciplines.
Accomplishing this will ensurs that the mechanics of the process are undarstond and
funclioning, at which point it will be easier for all teams to procead with their further, more
detailed assessmants.

Ta do the fast frack integrated assessment exercise, the team should sslact only one
subragion, one grop, one crop model, and one climate site location; then simulate crop
yields using the historical cimate data for that cne ocation and also simulate crop yields for
one climate change scenaric for the ime period of 2040 ~ 2068 using the methods
described above. Additional details are:

a. The entirs regional team should identify cne small sub-region where the fast track
assassmant will be performad. ideally, the sub-region should be an araa in which
household survay data are avallable with at least one climate data site within the
araa and where thens are exparimental data available in or nearby the area that can
be usad for calibrating one (or mora) crop modals.

b. The crop modelers will paramaterize the crop models using available data from
expariments, if this has not already heen done. This will provide parameters for
oultivar typas that are currently baing used in the region,

o. The economists should describe the site characteristics, including a map showing the
farms and including management and farm characteristics.

d. Economists will provide the sociosconomic data, including farm site locations, to the
crap modelers so that they can assemble the needed crop madel inputs to run the
crop models. ldeally, the sociosconomic survey data would have data on crop
managamant practices {planting date, N application amounts) and on crop visld, For
example, there may have been 80 farms surveyed with such data, and those farms
would be used to assembie crop model input data for each farm, similar io the
Machakos sxample that was used o demonsirate the approach,

. The climate team members in the region will prepare and clean the historical climate
series for one station in the region. Thig site will act as the baseline climate seres for
&l crop modeling and analysis in the fast-track (neluding sumounding famms), and will
also serve as the basis of one climate change scenaric generated using the basic
dalia method that represents projected GCM changes. These climate serdes may be
wssd in the crop modal runs to compute the impacts of olimate changs (assuming no
adaptation for this fast track).

f. The regional crop modelers will prepare input files for running one selected crop
model (DESAT or APSIM prafarably) for sach farm location in the selected study
sitefaras. This includes assembling representative soils for the sites. The crop
modelers will simulate sach of the fields in the farm surveys, analyze simulated
resulls relative to observed vields 1o evaluate reliability of resulls, and prepare a
madel output file ACMO} for documeanting model inputs and outputs for use by
soonomists in the TOAMD analyses.

g. ¥ sociceconomic data do not include farm site yields, then the crop modeling team
mambers will use the procedures for calibrating and evaluating crop modals for use
in simuiating mean yvislds for district or other administrative unit (see section Sein
this handbook}. This alemate procedure will provide crop models ready for use in
the region with estimates of average bias.
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h. The crop moedelers will then simulate yislds for sach of the farm sitas in the selected
ares using historical climate data (1980-2008 planting years) and repeat the
sirmulations using the one selscted cliimats seenario’'s climate file. The modsalers will
assess vield results, svaluating how reasonable they are and produce an AghiiP
Crop Model Output file (ACMO) that will be used by the esconomists in the TOA-MD
analysis.

i. The sconomic team membars will take crop model results and uss the TOA-MD
model to analyze the impacts of the dimate change scanario on the distdbution of
economic impacts for the area,

j.  The sntire team will mest to evaluate the entire process and o discuss and interprat
the results,

k. Afier the proof of concept study, the team will be ready to design iis assessments of
impacts and adaptation options based on the RAPs, more advanced climate
soenarios, and a better representation of climate and crop model uncertainties,

Table 1. Regional Ressarch Tearn Activilies. This is a chocklist of activities thal should be coordinated across
taarn marnbers I sach RRT sueh that each RRT can producs comparable Integrated assessments, as noted In
tha timeling of activities.

Task

1. Scoping of cropping systems and developingfrefining research work plan

2. Develop Representaiive Adaptation Pathways (RAPs) Tor climats change

3. Assemble Existing Data from Experiments and Calibrate Crop Models

4. Assemble and Cluality Control Historical Baseline Climate Series.

5. Assemble Data and Simulate Crop Models for Analysis of Yield Variations.

B. Assemble Sociosconomic Data; Devalop Skills for Regional Economic Analyses

7. Create Downscaled Climate Scenarios

8. Simulate Productivity Impacts of Climate Change; Analyze Adapiation Options

9. Analyze Economic impacts of Climate Change and Adaptation Approaches

10. Archive Data and Analyses Results for Integraled Assessments

11, Disseminate Integrated Assessment Results
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Appendix 2

Calculating Statistles for Climate Impact Assessments Using Tima-Averaged
Crop/Livestock Model Simulations, RAPs and the TOAMD Model

John Artfe and Roberlo Valdivia
February, 2014
introduction

This docurment desoribas how crop mode! simulations and Representative Agriculiural
Pathways can be used with TOA-MD o implement assessments of climate change impact
and adaptation using “matched” and “unmatched” data from crop or ivestock simulation
models. We use the case of a population of heterogeneous farms with a single stratum and
ona production activity to llustrate the mathods. This appendix presents methods for the use
of date from crop or ivastock modsls to simulate cimate impacts by averaging data over
fime within the “current period” and within the “future period” defined for the analysis.

It is important to recognize that the methods presented here are not designed to represent
termporal variability within the current period or within the fulure period. We focus on the time
averaged case because of key limitations of the data thal are usually avallable. In most
cases, we do not observe yields or management over enough years (o measure vaniation
over ime for individual farms. Thus, our methodology is designed (o use cross-sactional
survey data to estimate spatial hetarcgeneity reflacting bio-physical differences and
management diferences across farms.

The first section presents concepts and definiions. The second section desoribes the
calculations used to estimale the parameters of the TOA-MD model.

1. Concepts, Definitions and Assumptions
The Three Core Questions

The methods described here can be used to answer the three "core guestions” described in
the first part of this Handboock: climate sensitivity analysis in current world conditions
{question 1); impact of olimate changs in futurs world conditions (quastion 2); adaptation to
climate change in future world conditions {question 3}. Note that the TOA-MD model can
also be used to analyze the adoption of adapted technologies under current conditions, but
that type of analysls Is not part of the Core GQuestions for climate change analysis.

Incorporating Spatial and Temporal Variability

W know yields and related outcomes {sconomic retums) vary over space and time, and this
variation is important 1o understand valnerability of farms to cdimate change. Therefore we
need to project these distributions into the future for climate impact assessment.

We can describe 8 variable such as a yield for a production system h used at location j at
time t as vy Lot 4y be the mean for farm j obtained by averaging its values of v over time
and lat e be the maean for year t oblained by avaraging v, over all fams in that year. We
will say that py is the fime-gveraged mean for farm | and py is the spaliali-averaged mean
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for year . Bimilarly, we can decompose the variance of vy into spatial and temporal
companants. To obiain meaningful approxdmations o the distribution of outcome: variables
for the TOA-MD modal, we offen need o stratify populations of farms that come from
different sub-populations or different time pericds. For example, in & given year, wa may
need to stratify farms geographically or by socio-economic characteristics such as size or
ownership of livestook,

Cur goal is to use the available data to estimate these varances using the data we have:

»  Farm survey data that provide observations of current yields, management and other
variahieos.

*  Becondary data on average vields for the study region.

*  Projected vield growth rates from global agricuttural economic madels or RAPs.

»  Current and fulure simulated vields that are based on observed soils and
management, and current and fulure projected weather.

A key limitation of the data is that, in most cases, we do nof ohserve yields or management
aver enough yaars to measure variation over time for individual farms. Thus, our
methodology is designed to use our cross-sectional survey data to estimats spalial
haterogeneity reflecting bio-physical differences and management differences across farms.

Defining the Study Reglon, Time Perfods and Systems

The presentation here is for the analysis of a farm population in an “integrated assessment
region,” {.8., a shudy area defined geographically and possibly in terms of other socio-
eoonomic charactedstics. Our convention for time tis that it represents a calendar year, The
current period covers t= 1,7 years, and the fulure period is F years ahead of year 1, and
thus covers years t = F+1,.. F+T. Following the TOA-MD terminclogy, we use a subscript h
= 1,2 to index the farm system which is composed of the household and the agriculiural
production system which can include crop, livestock and aguaculiure sub-systems.

kote that the interpretation of system 1 and system 2 depends on the type of analysis
baing dons. For the purpose of calouwlating the effects of climate change on
productivity, we interpret system 1 as the current production system in the current
period and system 2 as the same system if it were observed in use with the fulure
wlirnate. However, for analysis of the three questions, system 1 and system 2 are
constructed to represent various combinations of climate change effects, socio-economic
conditions and technologies.

To further simplify this presentation, wa consider the case of a production system that has a
single activity {say, a crop). More generally, the same types of caloulations would bhe applied
to 2ach activity in each sub-system (i.2., to all crops, all livestock, all aguaculture activites).

In most cases available farm survey dats will come from a year {or vears) near the and of
the currant pariod used for climate data and bio-physical model simulations, and
managemant data used in these simulations will come from these survey data. For example,
AgMIP's Regional Research Teams are using 1880-2009 as the current pericd for climate
data and crop and livestock simulations. However, most survey data being used are from
2008 or later, For the economic analysis, using & 30-year pericd as "current” is not practical
due to data limitations, the challenges of dealing with real and rominal trends, ete.
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Therefore, for the economic analysis, we ars using the most recent S-yaar period centerad
&5 closely as possible on the vear(s) of the economic survay dats for pumposes of defining
the “current period.”

Basic Variable Dellnifions

t = ima {calendar year)

F = beginning of fulure Hme pericd [year)

T = length of cument time period C and future time period F {years, first vear = 1)
h = system index = 1,2

j=farm index, j = 1,...,d farms in data sampile representing the integrated assessment
region study arsa

k= year when survey data were collectad

P = representative output price {currency unitsfkg) in the current or future period
¥ = crop yield {kg/ha)

iy = time-averaged mean of yields vy for farm j for the cument period

Wy = time-averaged mean of yields vy for farm j with climate change

Y= mean of observed yvields yqy In the survey data for current year k

Yy = mean of yields averaged over all vears in the current period, obtained from secondary
data in the study area

By = ¥4y = nomalization factor used to scale survey data yields to the current period
rnean

gy = simulatad crop yield for system b, farm | in year t {kg/ha)

sy = simulated crop yield for farm | ime-averaged over the current period
Gz = time-gveraged simulated crop vield with climate change for farm j
brg = S fyi = bias in simulated crop vield (note, can only be observed for current period)
= 8z /6q = ralative yvield for farm

ap = total crop area on the farm (ha)

Pl = PEVEINUE = D - Y- 8 (CUrrency unitgfarmtime)

Ry = time-averaged revenue (currency units/farm)

Cre = production cost {currency unitsfarmfAime)

Keg = bone /8 Yo = avarage production cost {currency unite/ke)

My = (P = wep) s = profit margin (%)

Oy = time-averaged production cost (currency unitsfarm)
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1= mean of production cost avaragsed over all years in the current period, obiained from
sacondary data in the study area (f avallable)

o = 0qfCae = normalization factor used to scale production cost survey data to the current
period mean (note, If B can't be estimated, then use By = By to assume that production
costs from survey dala deviates from what is representative for the current pericd and costs
are normatized by the same factor as yields; or use Bu = 1 when cost data is representative

for the current period).

G = CryRye = production cost relative to revenue {unit-free)

Gy = CpfRy = time-averaged production cost relative ic time-averaged revenus {unit-frea}
Vig = Ry~ G = crop net returns for the farm {curmancy unitsftime)

Vi = average of Wy over current or future time {currency units)

The Relative Yield Moded

Wa use both survey data and simulated data to represent the effects of dimate change on
productivity using the rolative yigld moded. The idea behind this mode! is as follows: suppose
we interprat system 2 as the current system being used under conditions of a fulure climate,
and we interprat system 1 as the current systern baing used under conditions of the current
glimate. The average vield under climate change can then be related to the mean of the
current system as pyfihy = 1. We define r as the refafive pield under climate change, We
assumea that we can approximate a yield impacted by climate changs by estimating r with
crop model simulations as sx/sq, where syis the time-averaged simulated yield for farm
under climate change, and 54 is the time-averaged simulated yield for farm j in the current
period. Then we project the yield with climate change a8 y= 1 - yyowhere v s the
observed yield from a farm survey in the current year k for farm |.

Matched and Un-Matched Dala
Two situations may be encountared with analysis using this type of farm survey data:

Matched Data: o orop yvield can be simulated for each survey farm, for each orop in the
system for which a crop mode! is available. This is true when weather and scil data can be
associated with each survey farm, and some crop management data are included in the
sUrvay.

Data matching s possible in most cases whare farm survey data are available and some
kind of information is included in the survey to identify the survey farms’ locations. Ideally,
the spatial identifier is the farm’s spatial coordinates {or even betler, the ceniroids of
individual fields). Note that when spatial coordinates are not included in 2 survey, they can
be approxirnated with other location identifiers. For example, a legal address or village name
may be available, and this may be used to approximate the spatial coordinates of the farm,

ttis important to note that the matching of weather and soil data to survey farms will typically
require using the best approximation possible given avallable deta, because farm-specific
weather and soils data are almost never available. Nevertheless, as long as weather and
soll data can be assigned to each survey farm through some reasonable procedure,
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the term “matched data” Is used, because with the farm specific management data, it is
possible to simulate yields for each farm.

Un-Matched Data: a distinct crop yield cannof be simulated for each survey farm; however,
spatially varying weather and soil data are available to run crop model simulations with
representative management for the region.

Note that in the un-matched case, it is possible to estimate a simulated yield distribution that
corresponds to the population of farms represented by the survey, however, it is not possible
to match simulated yields to the survey farms.

RAPs: Accounting for Future World Conditions

RAPs are used to represent future conditions, including preductivity trends and effects of
future economic conditions on output prices and costs of production. Regional RAPs must
incorporate trends (e.g. yield trends from global econ models) following the methodology
presented helow, to translate current production systems into the future conditions defined
by a RAP.

Parameters needed for Question 2

The following parameters are used to adjust for future trends, if appropriate. They can
derived from modef projects or RAPs as appropriate.

I' = compounded yield growth factor between current and future periods. Used to estimate
trended parameters of system 1 for Core Question 2 {e.g. use AgMIP Reference scenario
data from IMPACT global model).

¢ = compounded price growth factor between current and future periods. Used to estimate
trended output price parameters.

*  When h=1, ¢ is the price growth factor WITH NO climate change and it is used to
estimate parameters for system 1 for Core Question 2 (e.g. use AgMIP Reference
scenario data from IMPACT global model).

*  When h=2, ¢ is the price growth factor WITH climate change and it is used fo
estimate parameters for system 2 for Core Questlon 2 (¢.g. use
55P2_HGEM_DSSAT_5crop scenaric from IMPACT global Model)

¥ = compounded variable production cost growth factor between current and future
periods. Used to estimate trended parameters of system 1 for Core Question 2. This factor
should be defined as part of the RAPSs.

Parameters for Core Question 3

Note that System 2 for Question 2 is the same as System 1 for Question 3. For System 2 of
Question 3, we begin with System 1 and modify the parameters to represent the adapted
technology (including changes in yields and costs). Thus, for System 2 of Question 3, when
calculating the relative yield the numerator should be obtained from the crop or livestock
model simulations for the adapted technelogy. For components of the system that do not
have crop or livestock models, estimates of the productivity effects of the adaptation must be
obtained from other information such as the RAP or other research in the literature.
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Flgure x. Overview of core climate Impact questions and the production system states that will be
simulsted and ksy sconomic componamia and outpat Indicators for TOA-MD simulstion rune. Nots: For
Nustration purposas the figure on top assumes negative cimats changs Impacts on yiekis. Some
reglons may have pozitive Impacts of cimais changs on ylelds.
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ey Assumptions

AT The distribution of jy (the frue Sme-averaged mean of farm | in the current period) /s
approximated by the distnbution of yu in the current year i in which the spalial yield
distribution is observed. This assumption aliows us to use the cbserved yield in year k,
normalized fo the mean of the current period, as a proxy for gy However, since we kKnow
that the cbserved yields for each farm will vary from the average in the current period, we
know that the projectad future vields include this variation. Thus, we nead 1o tale care in
using data from the currant period. The mor vears of data that can be usad, the more we
can average out the individual-year variation from the current period data, and doing so
should result in better estimates of uy; and thus better projections of future vields.

A2: Crop simulalion bisses are the sams in the present and futurs, implying they ars
focation-speciic bul time invarfent, Le., by = b for aff §. Since we cannot observe future
biases, thers is no way to relax (or invalidate) this assumption {although, we could test its
validity with historical data). Nota 5y = by vy thus A2 implies that we can use relative
sirmulated yields to approximate relative actual vields because Sufsy = by Y iy My = Yol =
rz. The same logic follows for the time-averaged relative yield 5.

A3 Gy = G = Gy The ralic of costrevenue is the same in systems 1 and 2 for all years.
Maote, this is aquivalent io the assumption that average cost per unit of output, wyis a
constant across farms and ime that is proportional to output price; Le. G = Ky ™ Yo 8o, Ka
= gy for all | and t, and «i/py = kaips. Equivalently, this is the assumption that the profit margin
My 18 the same in the present and the futurs. This assumption provides a standardized way
to project future cost bagad on cumrant costs, but note that this assumption can be modified
to fit a future situation where costs are expected to deviate from this relationship. For
agxample, if labor costs are a large share of cost of production and are expected to increase
faster than output price, the analyst might assume that <4/ps < wope or that the profit margin
is lower in the fulure.

Ad: Yields In the infegreted assessment region grow &l rale v, and crop moded sirmilalions
for the fufure period do not incorporate factors accounting for this growth befween the
current and future periods. In the approach prasentsd here, we assums that there is an
independent yield growth factor associated with technological change that is not accounted
for in crop moded simulations. However, if all technolpgical change is accountad for in the
crop model simulation methodology, then the growth factor I should be set equal fo 1.

AR Area alfocated fo the crop is constant within the curment and within the future ime period
(bt not necessariy the same betwasn tha bwo perods). This assumption is basad on the
premise thal data on area varation over time are not available within the current period, and
are not modeled for the future period; alternatively, the analyst can use year-specific data if
such information is available.

2. Galeulating TOA-MD Mode! Parameters
Matched Dals

Step MAT: Caloulate the relative yields r for each farm j=1,...J inthe survey,
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Step MA2: Survey data provide observations of y,. Calculate system 1 variables for each
farm in the survey data for the current pericd as:

My =Bw Y- T

Rii=¢ 1 p1-ag P,

Gy =B ¥ - CyRy,

Vi =Ry =PBec* ¥ - Gy

Note thatT" =1, ¢1=1, W = 1 for Core Question 1

Nole: p.is a ropresentative price, adjusted to the currenf period average as necossary. B is
the normalization factor used lo adjust observed yields in the dala to the current psriod
population average. The current period is defined as the five-year period cenlered as closely
as possible on the year(s) of the economic survey dafa. Minor crops and livestock are not
normalized.

Step MA3: calculats system 2 variables for each farm in the survey data for the future
period:

Hz = - Hy
Rg= 2 pz-az- Py
Cz =Gy Ry

Vz=Rg—-Cz={1-Gy) Ry
Note that ¢ =1 for Question 1

Step MA4: Using the data from MA2 and MA3, calculate the means for Ry, Cyj, Rz and Cy,
and the standard deviations of V4 and V3, where the calculations for the future period made
over all farms and future growing seasons.

Step MAS: Calculate RHO12 as the correlation between Vy; and V.

Note: RHO12 may be over-estimaled using these procedures due to the under-estimation of
future yield variation by crop or livestock models. Therefore the upper bound on RHO12 is
set at 0.95. That is, if the esfimated value of RHO12 is greafer than 0.95, the value of 0.95
should be used.

Unmatched Data, Time Averaged Method

As defined above, in the unmatched data situation, a distinct crop vield cannot be simulated
for each survey farm; however, spatially and varying weather and soil data are available to
run crop model simulations with representative management for the region. Thus, instead of
simulating a relative vield r;for each farm, we use the available data to simulate a distribution
of relative yields for farms in the study region.

The basic idea behind the approach Is to define statistical distributions for the variables of
each system, and to use the available data o estimate the paramaters of thess distributions.
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The key missing piace of information is the comelation bebween systems, which musi be
approximated using seme assumptions. Thus, in implementing the unmaiched case,
subjacting the model te 2 sensitivity analysis of these assumptions is important,

For the un-matched case we use the following additional definiions and assurnptions:
Be = mean of vy, h= 1,2

o = standard deviation of vy, h = 1,2

r= et O, e (0,1) = mean of g

A = My + Ua By, 8~ (0,1)

Gy = Y + O g, 85 ~ (0,1}

Ab &, ~ iid{Q, 1} {r is indepandently distibuted)

AB @, ~ 1id{0,1) (@, is independantly distributad)

AT eg ~ A0, 1) (G is independanty distributed)

Step U1 sams as step MA1

Step UU2: same as step MA2

Giep U3: caloulate statistics for system 1 varisbles: we, b B, Ta, On 04

Step U4 Use the statistics from Step U3 with the TOA-MD Sfetistics Celoulator to caleulate
the sysiem 2 stalistics for the TOA-MD model. Note, this includes the value for the betwesn-
system correlation (RHO12). This estimate of the between-system correlation depends on
the independence assumptions AS, A and A7, Therafore, it is wise (o subject the model to
sensitivity analysis arcund the value of RHO12 generated with this mods.

Multiple Activities

For systems with multiple activities, we apply the above caloulations to each system. In
addition, we need to estimate the within-system correlations between the returmns (o the
activitiss. With matched data we can calculgie the within-system correlations for system 2
the same way as for system 1 (i.e., by using the survey data to estimate the within-system
average correlation between activiies). For unmatched data, we typically assume that
within-system comrelations ana the same for systams 1 and 2.

For trend caloutations, vield trends for major crops from global models are used as the
starting point, with adjustments to regional conditions as appropriate. Minor crop trends
should ba defined by the team based on the major crop trends. Livestock trends should be
based on global mode! trands for millk and meat as appropriats, adjiustad to regions!
conditions.
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Appendix 3

Crop Model Simulations for Integrated Assessments: User's Guide

K. J Boote, C. Porfer, ©. Villalobos, J. Hargreaves, J. Anfle, R. Valdivie, and J. W.
Jones

December 3, 2012
infroduction

This document describes AgMIP tools and procedures for using farm household survey data
to craate input files that are formatted for use in different crop modeds. |t glso desoribes the
crop medel cutput files that are needed for input to the TOA-MD sconomic mode! for
integrated climate assessmenis. These files and procedures are provided for the "Malched
Data” case, which means that ¢ distinet crop vield can be simulated for egch survaved farm
field, for each crop in the survey for which cne or more crop models are available. In order to
simulate each farm field that is in a survay, a minimum set of input variables is neaded by
crop medels, Generally, farm survey data do not include all variables neaded by crop
models o simulate crop growth and vield, Thus, in order to simulate yields for the fields,
assumptions have 1o be made about a number of input variables thal are missing. Some
models have used their own buili-in defaull values for missing inputs. However, this is not an
acceptable practice. It is highly important that the assumptions about missing input values
are transparent to users, consistent across all models used in the integrated assessments,
and clearly documented. Furthermore, users nead to have the ability to set missing values
that best represent the farming systems that are being aralyzed, and these will vary across

regions.

Data collectad in farm surveys vary considerably from study to study. Here, we define the
absolute minimum farm survey data necessary in order to approximataly simulate each
field’s yield for the maiched data case. We also define the minimum set of data needed to
simulate crop growth and yield when the models are used o simulate water and N limited
production. Bacause of the need to supplement famm fleld survey data with assumed values,
two files are needed to provide all of the information needed to create crop model-ready
input files: 1) the Tarm survey data, and 2} a cormesponding file that containg the assumead
variable values that are neaded o quantify all required input variables that are not inthe
survey data. Wae describe these two files neaded by AgMIP software to produce crop modal-
ready input files and give an example of sach. In addition, we describe a third file needed
for setting up mult-year rung (haseling, climate scenarios, and RAPs). We also describe the
sofware that does the translations and the model output file that is needed by the TOA-MD
model for thie integrated assessment,

Managing and Documenting Crop Model Inputs

Table A3.1 presents file types that can be used to import data fo the AghilF data translation
tools. Templates of sach file type are provided for usears to enter data observed at their
research or survay sites. These lemplates contain headers which corraspond to variables in
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the ICASA Master Variable list for which precise definitions and units are listed. These
definitions and units are replicated in the templates as comments to help guide the user to
the correct form of the input data.

Raw survey data, measured at individual sites is stored in a Survey_Data_|mport file.
Invariably, some required crop model inputs are not measured and must be assumed. Some
crop models have internal assumptions that provide missing inputs but these are “hidden”
from users, they vary across models, and they are not likely to be relevant for all regions
where the models will be applied. In addition, some computer simulations make use of
observed management, soil, and climate, but modify some of these factors to evaluate
climate variability effects at a location, to assess impacts of future climate, and to evaluate
hypothetical management options. The “Data Overlay for Multimodel Export®, or DOME, is a
file type that is used by AgMIP tools to provide additional data used by each crop model to
simulate crop growth and vield. Table A3.1 describes different types of DOME files currently
implemented by AgMIP IT tools.

One purpose of a DOME file is to provide model input information that is not contained in
farm surveys, vield trials, or even field experiments. For example, data collected in regional
surveys usually do not have all inputs needed for crop model simulations. The Field_Overlay
file is used to fill in the needed inputs that are missing so that all of the models make use of
the same regional or site-specific assumptions. This concept ensures the integrity of
observed values, clearly documenting assumptions made for simulation analyses, and it
ensures consistency across crop models for multi-model applications.

A second type of DOME, the Seasonal_Stratagy file, is used to provide information needed
to create synthetic simulation experiments for multiple seasons of weather data. These files
provide information for controlling simulations for multiple years, for example, and/or
management practices, cultivars, and other inputs that define a particular scenario that is to
be simulated. These files can provide information to set up baseline management and
climate simulations over multiple years, or they can be used to set up management
adaptation options that may be derived from the Representative Agricultural Pathways
(RAPs) analysses. In these cases, the soil, climate, and management regimens in
Seasonal_Analysis DOME files would override existing recorded management and replace
those data with the prescribed regimen.

AgMIP data translation tools include a utility that will allow crop modelers to match the
survey data with chosen DOME files that describe missing inputs for management practices
and soil conditions for a particular analysis. The Field_Overlay and Seasonal_Strategy
DOME files are combined with archived survey data (Survey_Data_Import files) and used by
the data translators to produce modsl-ready crop model input files for multiple crop models.

Data Requirements for Simulating Each Surveyed Field {(Matched Case)

Microsoft Excel files are used to collate the data described in Table A3.1. The Excel files are
exported by users into comma-delimited files (*.csv files). Sofiware was developed to read
and interpret these *.csv data files containing the Survey_Data_Import and Field_Overlay
data.
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The Survey_Data_lmport file must be created from the field survey information, with one line
per farm-fisld that was sampled in the survey. Table A3.2 lists the data that are required in
this file. Generally, housshold survey information incudss crop vield, some management
information, and economic data on & per farm-field basis, which may be in any format {e.g.,
Excel, ASCI, or print form). f the data are not in correct units or definiions {dry matter or
sar versus grain}, conversions are needed prior to entering data into the

Survey _Data_import spreadsheet. Table A3.3 lists an absolute minimum set of observations
from field surveys; unless these daia are availabls or can be sstimated from the raw survey
data, the crop models cannot be used to simulate matched field yields for the TOA-MD
gronomic model analyses. Typically, users can use the field LATAONG (preferrad) or the
village location for use in interpolating climate data for the site and for selecting an
appropriate set of soll properties.

An example Survey Data_lmport file is provided with this document that contains the field
sureey data along with soll and climate data for the fields in the format needed by AghiP
software. Each tab {workshset) in the file must be saved as a separate comma-delimited
{*.cav) file.

Soll and climate dala are typically not collected in farm surveys, so these data must be
provided by users who are preparing the survey Excel data file for use by AgMIP software.
Climate data may be provided in *.AgMIP format (the standard format used by the AgMiP
climate team) as an altemative to comma-delimitad *.osv) format,

A sacond set of Exce! files, the Field Qverday DOME files, contain all assumpltions about
crop management and initisl conditions that are rarely or never measured in the household
surveys. There may be up to one Field_Overlay file per field if fields are highly diferent and
nead different assumptions about required inputs that were not measurad. [These initial
conditions and management assumplions are nol frivisl and can moke & large differsnce in
simulated vield, See laler discussion describing how Agronomists and experts in the region
nead o be consufted in order to creafe this fle.] Table AJ3.4 provides a list of the cumrently-
definad minimum managaement and inital soll condition information neadad by crop models
{that ars likely nol provided in the household survey). These data are enterad into the
Fiald_COwverlay file for use by AgMIP software to fill data not avallable in the farm survey data.
The overiay files also dosument expliclt assumplions made and used consistently across all
crop models for the simulations. The Field Oweray fila along with the comresponding
Survey Data_import Excel file provide all of the input dats currently needed to run crop
models for the matched field survey of observed yields, Later, we will describe an
additional Seasonal_Strategy.dsx typs of DOME file that will be additionally neaded to run
multiple year baseline and multiple vear climate scenarios as well as RAPs,

Software for Producing Crop Model Input Files

QuadUl is a deskiop utility that reads survey and DOME data and translates to model-ready
format. This software reads all flald Information contained in the matched
Survay_Data_lmport file and the associated Figld_Oveday files and creales DBSAT and
APSIM model input files. Translators for other models are being integrated into Quadi)l as
they are developad by the various crop modaling tfeams.
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Crop Model Outputs for Use by the TOA-MD Model

Outputs from the crop models are then arranged into the AgMIP Crop Model Output file
(ACMO.csv) for use as input to the TOA-MD model. ACMOUI is a desktop utility that will
generate the ACMO harmonized crop modeling output file from the various models. This file
contains metadata which fully describes the crop model simulation linking the model outputs
to the ACE and DOME data.

Procedures for Creating Crop Model-Ready Input Flles for Survey Flelds
Step 1. Gather, assemble and enter data (survey and expert)

+ Download data translation tools from http://tools.agmip.org/
o QuadUl — desktop application for data translation
o ADA — converts from Excel to csv format for import to QuadUl
o ACMO_UI - converts modsl output to ACMO format
o Sample spreadsheet templates for survey data and DOME data ICASA
Variables List— list of variables to extend the survey data template, if needed
{http:/ftinyurl.com/ICASA-MVL)

* Using one of the survey data templates, enter the appropriate following data by
either: 1) cut-and-paste, or 2) direct entry. The entry is on a “per-farm-field” basis,
one line per site. If you have additional field-measured variables that are not
included in the template, it is possible to extend the file to include your variables. The
ICASA Variables list shows all of the possible variables that can be used to define
site data. Additional columns can be added to the survey data import template for
those data.

+ |f some data are missing, one or more Field Overlay templates should be used to
FILL in the missing data (examples are dates of N fertilization or manure application).
There can be multiple field overlays, if soils and soil initial conditions vary across
farms. The Field_Overay ID is specified per site in the survey data import file.
Required minimum data include:

o Field/Farm Name

Latitude and longitude of farm (or give nearest village name)

Weather station identifier (connects to climate files)

Soil identifier (name connecting to soil files)

Field_Overlay identifier {(name connecting to all the unknown management

assumption information for a given Field)

Crop (maize, wheat, elc.)

Sowing date

Plant population (plants per m2})

N fertilization (amount, kg N/ha and date of application)

Manure or organic matter applied (amount, kg/ha dry matter, and date)

Irigation (yes or no}

Harvest date (desired, but not crucial)

Harvested vield (kg/ha dry matter)

o Harvested byproduct (non-grain) removed by farmer (desired, not crucial)

* Visit with Soil Scientist experts from the region: Find the appropriate soil for each
farm (linking to latitude-longitude or village information}, and enter the soils
information by soil layer in the soil tab in the Survey_Data_Import file. The soil name
is also listed in the field section of the Survey_Data_Import file.

[« o o BN o]

[+ + I e B+ o B o i e B o]
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* There will be one or more Field Overlay sheet, in which you will enter expert
knowledge of Agronomists and Soil Scientists to define all the missing information
that is not available in the houssehold survey data, dsfining probabile initial conditions
related to initial soil water, initial soil mineral N (NO3 & NH4), soil organic carbon,
prior crop residue, prior root residue, shape of initial mineral N, shape of SOC, shape
of inert SOC, and shape of probable rooting profile. Do not attempt to simulate
without a field overlay file, as data will inevitably be missing and model defauits
incorrect.

o Field_Overlay files will tend to be seil-related for initial conditions for water,
mineral N, SOC, SOM, residue, rooting shape where soils are different.

o Field_Overlay files may alsc be sowing-related {plant population) or fertility
management-related (fertilizer/manure).

Step 2. Save Survey_Data_Import and Fleld_Overlay Data to ¢csv format

* Using the ADA utility, save Survey Data |Import sheets in comma delimited (csv)
format, one for field, one for soil, and one for each climate file, zipped into a single
archive. Caution: Do not open the *.csv files again with Excel, as they ARE NOT
true spreadsheets and do not correctly convert back into Excel files; the date format
can revert to a machine-dependent format.

* Using the ADA utility, save the Field_Overlay spreadsheets in comma delimited (csv)
format, zipped into a single archive.

Step 3. Translate data flles to model-ready formats
Run QuadUl by double-clicking on the QuadU|.bat file. Respond to the on-screen
requests for location of zipped Survey csv files and zipped Field_Overlay csv files, as
well as the placement for the output crop model files. If you are not successful, view
the QuadUl log report in the QuadUl folder.

* Your ending point will be files for running crop models, i.e., Files X, A, SOIL.SOL,
*CUL, *WTH for DSSAT, and similar files for APSIM or other crop models. In the
case of DSSAT or APEIM, simulations ¢an be run by double-clicking the DOS batch
file that was created with the translations.

Step 4. Check and correct missing/invalid model input data and run
simulations

= Run the crop model. With APSIM, load the simulation and view the log. With
DSSAT, look at the Error.OUT and the Warning.OUT files. These files will tell you if
the climate file or cultivar were not found, or if some variables such as sowing date or
plant population were missing. With APSIM, after the issues in the LOG are dealt
with, run the simulation. APSIM produces summary files (*.sum) which are a log of
significant events and warnings/fatal errors. The summary files need to be checked
for errors which may need to be comrected, otherwise the error in simulated yields
may be significant. If there are failures, go back to the Survey_Data_Import and
Field Overlay DOME files. Common errors include:

o If plant population (or other) was not in the Survey_Data_Import file, and is
not found, then you did not connect the Field_Overlay file correctly.

o Field_Overlay name was not entered in the survey template exactly as in the
Field_Overlay file. In this case, no Fisld_Overlay data were found.

» Evaluate the outputs. In DSSAT, look at the Evaluate.Out file which will list both the
simulated and the observed yield. In APSIM, there is a single line cutput for each
simulation. The APSIM-simulated yield values will need to be aggregated
{assembled) into one file. The observed yields are in the Survey Data_Import file
and will need to be matched per field.
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Step 5. Create AgMIP Crop Model Output {ACMO) File for use by Economic
Team Members

The ACMO file is partially created by QuadU| at translation time in the form of the
ACMO_meta.dat file which contains metadata in one line per field so that all of the
information used to simulate results for the fields is documented in a way that users could
reproduce the results. Running ACMOUI, a desktop utility, will complete the ACMO file with
the selected crop model simulated outputs.

Note that the ACMO files contain raw simulated results for each field, not aggregated or
adjusted in any way. This will ensure integrity of both inputs and model outputs. Table A3.5
lists all of the variables that ACMO contains along with information on variables created by
QuadUl and thosae that must be added by crop modelers.

Create Crop Model-Ready Input Files for Simulating Multi-Year Baseline,
Climate, and RAPs Scenarios (Using Strategy_Analysis files)

A Seasonal_Strategy type of DOME file will be created to assist multi-year simulations for
haseline and climate scenarios, both with and without RAPs. The starting point will be the
Survey_Data_Import and the Field_Overlay files that were already created for the surveyed
fields. In this case, the Survey_Data_Import file, in addition to having a Field_Overlay ID per
field, will also have a Seasonal_Strategy I1D {possibly just one for all farms in the survey).
Examples of what is in that file include;

* For Baseline Multi-Year: auto-sowing rules
* For Future Climate Scenarios: auto-sowing rules, plus link to new weather station IDs
* Translating RAPS into management using the Seasonal Strategy (RAPs can led to
improved crop and soil management practices including improved genetic
technology). Specifics include;
o Auto-sowing, possibly modified for earlier/shorter sowing window because of
better machinery
Weather station ID
changed plant population,
improved or alternative crop cultivar,
changed N fertilization,
increased prior root and surface residue (because of better fertilization-
population-cultivar)
o other adaptation strategies, as needed

cC oO0C¢CC

To run a Seasonal Strategy, repeat all of the steps for baseline analysis, using the

Survey Data_Import and Field_Overlay files, but now the Seasonal_Strategy DOME files
are also prepared using the spreadsheet templates. Each of the three sets of files
(Survey_Data_Import, Field_Overlay, and Seasonal_Sirategy) should be compressed into
separate zip files for import to QuadUl.

Notes on Use of Field_Overlay Files

* Function and Purpose of multiple Field_Overlay files
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o Fill in data that crop models need that are almost never available in
household survey, such as initial soil water, initial soil nitrate and ammonium,
s0il organic carbon pools (SOM3 for DSSAT-CENTURY, and inert SOC for
APSIM), and rooting depth (see Table A3.4). The shape of these listed
variables by soil depth is also generally missing.

o Fill in needed data missing from household survey, such as root residue from
prior crop, surface residue from prior crop, sowing date, sowing depth, plant
population, amounts and dates of fertilizer or manure applied.

o Link to cultivar ID and model specific cultivar ID

o It can be used to set automatic sowing rules for each field in the survey, if
planting dates were not recorded.

*  Where fo get Field_Overay information? First, DO NOT use crop model defaulls, as
the model defaults are wrong and differ among crop models. Often defaults use zero
or unity values when not appropriate and these are not region-specific. Secondly,
this must be done in close collaboration with local agronomists and soil scientists.

o Agronomists and soil scientists in the region who know production practices
for the crop and region in question. Although they may not give specific
values for the needed inputs, they will likely provide very useful ranges of
likely missing input information.

o Soil survey information (linking to latitude-longitude coordinates for field}.

o Country-wide statistics (amount of N fertilization per hectare), but this is not
region- or crop-specific.

o Pre-simulations with crop models with correct soil organic carbon and SOM3
{or inert SOC) pools, for setting SOM3 and inert SOC to give the low non-
fertilized non-legume yields for the region (requires knowledge of unfertilized
yield for region). Take the mineral nitrate and ammonium from the values
simulated at the end of the “prior” season.

o Make sure that the assumed values that you use in the Field_Overlay file are
consistent with all of the expert knowledge and soil survey information, and
document how these values were developed.

* Principles for use of Field_Overay files:

o First obtain knowledge from agronomists, soil scientists, and soil surveys.

o Do not use model defaults for missing information

o Then use QUADUI with Survey_Data_Import and multiple Field_Overlay
files, to create model-ready files for simulation.

o Simulate farmer fields {n = 50 to 150}

Summary of Simulation Runs Needed for Integrated Assessments

Crop modeling teams need make several separate sets of simulation runs and prepare
several ACMO files for the integrated assessments. The ACMO will be provided fo the
Economic modelers for use in the TOA-MD analyses. Specifically, the following set of runs
will need to be made, each with its corresponding ACMO file:

1. Matched simulations, with observed inputs and raw crop model results (not bias-
comrected). This set of runs will require the Survey_Data_Import field survey file along
with the Field_Overlay file.

2. Simulation Set #1. Current system simulation results, multiple years (e.g., 30 years),
which means current climate and current management conditions. This set of runs
will require the same two files above in addition to a Seasonal_Strategy file that will
set up the multi-year simulations.

3. Simulation Set #2. Climate change simulated results, multiple years (e.g., 30) using
current management with future climate conditions. This allows paired climate
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change impact assesamants. This set of runs will also require the same two files
above in addition fo a Seasonal_Strategy file that will set up the multi-year
simulations, this time using a fulure climale scenario.

4. Simulation Set #3. Climate change simulated results, multiple vears (e.g., 30) using
adaptlon managemant with future climate conditions. This allows paired climate
change impact assessmeants. This set of runs will also reguire the same two files
above in addition fo a Seasonal_Strategy file that will set up the mulli-year
simulations, this time using a future climate scenario. Adaptation scenarios include
improved cultivars, different fortilization, and alitered sowing dates, consistent with
RAPs,

&, Archive model simulations {inputs, management, outputs, soil, climate, cultivar
coafficients, simulated outputs) by placing them in the ACE, DOME and ACMO
databases.

8. Document simulations with axplanatory text and appropriate tables and figuras
showing the vield distributions and analyses of interannual and spatial variations.
Create maps and summary stalistics e.g., spatial distribution of climate, scils,
management, and vields illustrated in GIS mapping methods.

Guldelines for Analysis of Crop Medel Simulated Ouiputs for Matched Flolds

Crop modelers should analyze model outputs prior to use of the data in the regional
economic analysis, This is very important to ensure quality control of the process and that
crop modelers are able to understand the variabilily in results. It is also important that crop
modelers will be able to conclude that simulated vields are reasonable representations of
water and nitrogen-limited vields, recognizing that other factors, such as other soil nutrients
and pasis, are lilkely to contribute 1o actual yvislds in a region and that thesa factors could
vary considerably over space and time. We have provided suggestions for analyzing crop
model outputs, including computation of means, distribution of observed and simulated
yiglds, computation of mesan bias between chserved and simulated yielkds, and analysis of
outliers.

»  Evaluate Simulated and Ohserved Yields for Mean, Bias, and Distribution

¢ Place simulated yield and observed vields inte a spreadshest!, computing means and
standard deviation. Compute bias of the mean observed yield divided by mean
simulated vield. We do not recommend computing bias of individual fields if there
are any zero simulated vield values, as thatl will give smor.

»  Hank the observed yvalds and simulated yislds from high to low and compute
curmulative probability distributions of observed and simulated yields.

»  Attempt {o identify outliers and reasons for high mean bias as well 8s large
differences between cumulative distributions of simulated and observed vields.
These analyses may help crop modelers oriically evaluate some of the input
assumplions in the Field Owerlay file, for example, relative o the information from
regional agronomists and other sources that were used 1o set the valuss, fthere is a
large bias, it would be good to review the inpuls and results with agronomists. We do
not recommend any type of calibration for reducing the bias; this is intended fo
improve the reliability of the process and resulls. These analyses may be useful in
reporting and in publishing crop model resulls; only the final raw field-by-feld
simulated vields will be used in the ACMO file. Some ideas to consider as you
analyze resulls are;

o if bias {observed over simuwlated) is dramatically different from 1.00 (for
example (.5 or 1.5), there may be problems in Field_Overlay assumptions.
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Bias is driven by the mean simulated and ochaerved vields. For example, a
high bias of 1.5 or more could indicate that scil N availability (SOM3, initial
nitrate, initial ammonium}) or soil water availability (initial or capacity) is not
high enough. A low bias of 0.5 (model simulates too high) could indicate too
much soil N availability or too much water availability.

The full range of the cumulative distibution is driven not just by the
management and climate, but also by the extant of range of initial nitrate,
ammaonium, S0C, SOM, DUL-LL, and initial scfl water found across all the
farms. If that range of inputs is small (because of inadequate Flald_Overlay
antry), than the simulated distribution of yields could be insufficiant.

Strong left tails in simulated distribution (or chservad) ars indicators of crop
failures {zoro and very low yields). If loft tails is too strong in simulated, then
you may need to increase initial soll water content to reduce the instance of
simulated germination failures, or increass rocting depth or DUL-LL to
minimize crop feilures during reproductive growth,

Strong right tails in simulated or observed distributions are indicators of high
yislds. If simulated right tails are foo strong (or too little) whers the water and
M stresses are minimurm, one can maks the case that genetic yield potential
of the cultivar is too high (or too low).

Thess “indicator’ problems are given, not for the purpose of re-calibrating the
crop models to fit the distribution, but for the purposs of highlighting the need
for obtaining correct Field_Overday information in the first place.
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Table A3.1. Description of data files used by AghdlP IT fools to create multiple crop model input files.

Type of
File Mame Description File Type(s)

R data Burvey_Data_lmport | A fle used o provide observed Excel Spreadehest, one line per
fiald survey data for use in orealing | field, which is sxporied o 8 commea-
multiple model inputs dedimited (F.osv) file for iport

DOAE Fleld_Overay Vaed to provide missing inpuls Exvel Spreadshest, which is
needed by models that are not in exported to & comma-delimited
the obsarved fleld suvay data {".cav) Me for Import, Flle nams s

usad o link this file to sach field in
the BurveyData_import file

ROME Seasonal_Shategy Lised to set conditlons for mutl- Excal sproadshest, which can be
your model simulation of ugad with obsarved feld date and
alternative managament practices, | assockyted fleld data overlay Res for
soile, with roultiple historicat or shucdying crop responses to
Future yoers of ciirmeris data, seastrml slimate variability (same

initial conditions each season).
Exported to comma-dalimited {*.cev)
format for import.

DOME Retation_Strategy Usid to set condiions for roulti- Trvert yrsk Immvpolestyoesibied]
year model gimulation of crop
rotations, having just one sef of
initia! conditions at year 1

ALMO AghiIP Crop Modal Thess files conlain a surnrmary of Cornma delimited file which containg

Chubput file crop el ouba dats and hammonizad crop model simulation
document all of the inputs used by | oulputs for inpot to the regional and
crap madals o sivalate those global aconomic models. The file
ctputs. These files ang used by halps ansure thet cutputs arg
TOAMD economic model leams congistent between models and ars
as input to their analyses. it also fully linked o the data sources.,
inchudes all meladats describing
e Tleled soil, climate scenario, and
management such that simubation
can be répaated.
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Table A3.2. List of varisbles in the household survey FIELD dala needed to run crop models. These data are in
the Burvey_Dalte_import xdex EXCEL file. Mole thel some of these dats may not heve been collected in the
survey bul are provided later by those who are preparing the data for ranstation by AgMIP soltware iools into
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mindel-spacific input files needed to run each crop model,

Data Type Units Variakle Name
Flald!Farm natme EXMAME
Fleld overlay namels) FIELD CVERLAY
Seasonal sirateqy namels) SEASOMAL BTRATERY
Latifude dos, degrons Fl._LAT
Longhtuds dac. degrees FL_LOMNG
Waathar station idendifier to link to site
information WET 1D
Soll profile kenbhar BSOIL_ID
Planting date et PLATE
Crep 1D {sae st of codes above) eola CRID
Toial seasonal M applied I[Nl ha FEM TOT
Manura/Organic matter applied kgl Didl’ha OMARMT
Harwest date et HOATE
Heirvest vield {diry wi) holdryiha HWAH
Bry-product remoned at harvest as dry wi hgldiylhia Bl
Inlicates whethar the Reld has baen
irrigated ¥ orh IRRIG
Motes (as desired, oplional) TR _NOTES
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Table A3.3. List of observations that are considered absolute minimum in order to simulate each field in the

survey using management, climate, and soil information for the field, the *matched data” case.

N =

g No ko

Village name for climate data interpolation, which will aimost always have to be done).
Farm/field name (This plus village name provides the urique field name for the simulation and
location is used to identify a suitable soil to obtain soil inputs needed for the modal.

Crop species

Sowing date (yyyy-mm-dd).

Mineral N fertilizer amount used (elemental N applied per ha, or at least categoriss that can
be consistently interpreted to estimate amounts, such as none, low, medium, and high}
Farmyard manure or organic matter applied. If not given, we would assume that it is zero.
Whather irrigated or not. Probably, this is rare in most of our AgMIP SSA and SA projects,
except for rice. Also could include total irrigation for the season in mm (IRR_TOT).

Grain yield (dry weight per ha, or otherwise indicate basis and units for yield in survey data.

Table A3.4. A list of the minimum management and initial soil condition information needed by crop models
that is probably nof provided by houssehold yield survey. **indicates data hopefully provided from survay.

@ mphop=

10.
1.
12.
13.

Cultivar ID {link to medel-specific cultivar)

Sowing date {yyyy-mm-dd)**

Sowing depth {cm),

Plant population {plants/m2) **

Mineral N fertilizer amount used (kg elemental N applied per ha), dates of application (yyyy-
mm-dd or days after sowing), percentages for split amounts? **

Farmyard manure or oerganic matter applied (kg DM per ha) and dates of application (yyyy-
mm-dd or days after sowing).™

Whether irrigated or not.™

Root residue from prior crop (kg/ha)

Surface residue from prior crop (kg/ha)

Maximum rooting depth (and shape relative to 1.0 in topsoil)

Initial soil water {zero to 100% of available) (for each layer, or shape?)

Initial soil nitrate and ammonium (for each layer or shape in profile if kg N/ha total?}

Soil organic carbon pools (fraction SOM3 for DSSAT-CENTURY, or fraction inert SOC for
APSIM), by each layer, or shape.
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Table A3.5. List of variables contained in the ACMO fils for documenting crop model runs
and for use by economic madelers in the TOAMD analyses. Also the table shows which
variables are created avtomatically by the AgMIP IT Tool, QuadUl and which must be added

by crop modslars.

Variable Mame

Dafinition

Linits

Metadata or Crop Model input summary data (provided by CuadUt)

Els Expariment D

SUITE_ID Suite identification, for linking groups of sites or
asxpariments

LN Simulation order

FIELD_OVERLAY

Names of field overlay(s)

SEASONAL_STRATEGY

Narme of seasonal strategylies)

EXMAME

Mame of experiment, fiold fest or survey

TRT_MNAME Marns of treatment
CLIM_ 1D decharacter Climate 1D code
CLIM_REP Climate replication number for mulliple realizations

of climate data
REG 1D Fagion 1D
STRATUM Regional straturm iderntification number
RAP D Rap D
MAN_ID Management regimen 1B, for mulliple management

regimens par RAP
INSTITUTION Names of institutions involved in collection of field or

survey data
ROTATION Crop rotation indicatar (=1 to indicate that this is &

continuous, multi-year simulation, =0 for single year
WETA_ID Winathgosition 10
SOIL_ID Soil 10
Fl. LAT Site Latiuds decimal degrees
FL_LOMNG Site Longitude decimal degrees
CRID toxt Crop type {common nams)
GUL_ID Grop modelspecific culiivar 1D
CUL_MAME Cultivar nams
SDAT Start of simulation date Wyry-rrm-dd
PDATE Plarting date yyyy-rm-cled
HwAH Observad harvasted yvield, dry weight kgfha
CWAH Observed totel above-ground biomass at harvest kgfha
HOATE Uhserved harvest date yyyy-mim-cd
IR#C Total number of imgation svents
IR_rar Tatat amount of irigation mim
IROP_text Type of imigation application
FE_# Total ramber of ferlilizer applications
FEM_TOT Tutal N applied kg liha
FEP_TOT Total P applied kg[Pitha
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FEK _TOT Total K applied kgiKiha
OM_TOT idanure and applied aganic matter ket
T # Total number of tilage applications
TP _taxt Tillage type (hand, animal or mechanized}
Crop model simulation output data (provided by the crop modaler)

CROP_MODEL Short name of crop model used for simulations

{e.g., DESAT, APSIM, Aguacrop, STICS, ele)
MODEL_VER Model name and version number of the crop model

used o generate simulaled outpuls
HWAH 8 Simulated harvest vield, dry matier kg/ha
CWAH_S Simulated above-ground biomass at harvest, dry kafha
ALAT & HifiiRated anthesis date Yyy-mm-dd
MDAT & Siruatated maturily date yyyy-rom-dd
HADAT S Simulated arvast date yyyy-ror-ge
LADL & Simulated leaf area index, maximum maima2
PROF_S Total precipitation from planting to harvest mm
ETCPR S Simulated svapotranspiration, planting to harvest i
NLGKM_& Simulated N uplake during season kgfha
NLOM_S Simulated N leached up o harvest maturity kgha
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