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Background

Four principal objectives

To understand the major LCLUC transition
activities in the study region.

To advance our understanding of the causes of
LLUC.

To improve our understanding of the historical
effects of LCLUC dynamics on the guantities and
pathways of terrestrial carbon and nitrogen
fluxes.

To understand the impact of climate change and
variability on terrestrial ecosystem productivity
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SSEA Region

LCLUC
distribution
ih the study
S region

= Covers about 167 of earth's land surface

» Characterized by a long history of LCLUC activities
= the home for over 50% of the world's population

= Study LCLUC dynamics country-by-country basis



Maximum grid-level differences
using Various Realizations of LCLUC

(a) ACrop

Various Realizations:
= HYDE

SAGE (RF)
Houghton (HH)
Satellite data sets
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Wall-to-wall Landsat Analysis (30m)

Covers Longer Time Period: Decadal (1985-1995-2005)
Uniform Classification Scheme: IGBP

Patch to Patch Land Dynamics
Ground Validation (>12000 points)

3%

Y : 0 140 280 560 840 1,120 e
- Kilometers (

- Built-up and Urban Crop land Fallow land - Forest Plantations - Shrubland Grassland Barren land - Waste land Water bodies | Others

Roy et al. (Remote Sensing, 2015)



1985

Crop land 1,558,712 km? (47.55%)
ROk Fellow land 252,073 km? (7.86%)
‘> Plantations 77,493 km? (2.36%)
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1995
L Crop land 1,556,346 km? (47.45%

;ﬁf@?& Fellow land 266,671 km? (8.13%)
055225 8> Plantations 77,956 km? (2.37%)
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2005

Crop land 1,614,921 km? (49.34%)
Fellow land 221,136 km? (6.77%)
- Plantations 78,560 km? (2.38%)

Legend

|:| District boundary
|:| Crop land
|:| Fellow land
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1990
Agriculture area 1,144 km? (2.98%)

Bhutan

District boundary

Agriculture



2010
Agriculture area 1,200 km? (3.13%)
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Bangladesh % 2000

'\ié' . Agriculture area 10,6610 km? (72%




2010

‘ ‘\ Agriculture area 10,3520 km? (70%
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|:| District boundary 1990

Eiupv'v,dd Crop land 17945 km? (9.83%)
Fellow land 3027 km? (1.66%)




Legend

|:| District boundary 2000

— cwe  Crop land 13248 km? (7.26%)
Fellow land 9051 km? (5%)
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RESEARCH ARTICLE

Three distinct global estimates of historical land-cover
change and land-use conversions for over 200 years

Prasanth MEIYAPPAN, Atul K. JAIN (D)

Department of Atmospheric Sciences, University of Illinois, Urbana, IL 61801, USA

% Dataset

Historical Land-Cover Change and Land-Use
Conversions Global Dataset

Updated: Feb 02, 2015

A set of three estimates of land-cover types and annual transformations of land use are provided on a global
0.5 x0.5 degree lat/lon grid at annual time steps. The longest of the three estimates spans 1770-2010. The
dataset presented here takes into account land-cover change due to four major land-use/management
activities: (1) cropland expansion and abandonment, (2) pastureland expansion and abandonment, (3)
urbanization, and (4] secondary forest regrowth due to wood harvest. Due to uncertainties associated with

National Oceanic and
Atmospheric
Administration,
DeF‘a rtment of estimating historical agricultural (crops and pastures) land use, the study uses three widely accepted global

Commerce reconstruction of cropland and pastureland in combination with common wood harvest and urban land
data set to provide three distinct estimates of historical land-cover change and underlying land-use
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Ecological Modelli (2014) 152-174
Contents lists available at ScienceDirect
Ecological Modelling

journal homepage VW . e fier.com/ te/ecolmodel

Spatial modeling of agricultural land use change at global scale \!)Cmmrk

Prasanth Meiyappan®*, Michael Dalton”, Brian C. O’Neill¢, Atul K. Jain®**

3 Department of Atmospheric Sciences, University of Illinois, Urbana, IL 61801, USA
b Alaska Fisheries Science Center, National Ocean and Atmospheric Administration, National Marine Fisheries Service, Seattle, WA 98115, USA
¢ Climate and Global Dynamics Division, National Center for Atmospheric Research, Boulder, CO 80307, USA
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Dynamics and determinants of land change in India: integrating
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Summary of model findings (regional hotspots)

Firewood/Construction Materials
Lack of Electricity

Wooden Furnitures

Sheep Overbrowsing

Wooden Furnitures/Timber
Lack of Irrigation

Low Infrastructure for Agriculturef
Wooden Furnitures/Timber
Cattle overgrazing

Meiyappan et al. (2015)
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The terrestrial carbon budget of South and Southeast Asia
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Carbon Budget for SSEA countries
(2000s)
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iPETS Baseline Scenario
SSP5, No climate change

i. . IPETS La {:IU dD"Yb”f 0
Aggregated Househo W “
yield change R
> Hl\ I \.
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How to produce iPETS scenario with Aggregated
climate effects on crop yields (i.e., land use
land productivity)?

Crop map
One option, but:
Need to run CESM, or at least CLM/ISAM , again for each
iteration
No dynamic crops, pasture in CLM/ISAM

Downscaling Model



Evalua’rinlg the Crop Productivity under
Variable and Changing Climate: An
Integrated Data-Modeling Approach



Interactions between Crops, Biogeophysics and
Biogeochemistry

Environmental Factors (Climate, CO, etc.)

Agricultural
System

/N

Biogeo-

chemistry
Carbon and Energy and
Nitrogen Fluxes Water Fluxes

"\/

Environmental Change



Overall Objective

» Understanding the fluxes of nutrients
(C, N, P), energy and water between
terrestrial ecosystems (including crops)
and atmosphere require improved
representation of certain dynamic
aspects of vegetation and soil processes




Conceptual Diagram of ISAM
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ISAM Land Surface Model

- Biogeochemical Processes

Coupled C and N dynamics (Jain et al.,, 2009)

Comprehensive above and below ground litter and SOM decompositions
(Yang et al., 2009)

Land Cover and Land Use Change, including secondary forest dynamics
(Yang et al., 2010)

« Biophysical Processes

Above-ground canopy biogeophysics processes (Barman et al, 2014q)

Originally, soil hydrology adapted from the NCAR CLM3.5 (Barman et
al., 2014b).

Many Further modifications in biogeophysics, including recent
advances in vegetation, soil, snow interactions (El-Masri et al., 2014)



Important Processes

dynamic phenology and corresponding LAT
schemes, which account for Ii?hf, water, and
nutrient stresses while allocating the
assilmila’red carbon to leaf, root, stem and grain
pools;

dynamic vegetation structure growth, which
better simulate the canopy height;

dynamic root distribution processes in the soil
Iafyer.s, which better simulate the root response
of soil water uptake and transpiration;

processes controlling carbon turnover rates in
soils that are regulated by species composition,
allocation, litter decomposition, and fine root
Turnover



Phenology in Current Land Surface Models

Model name Resolution Leaf onset Control on LAI Leaf loss Source
BEPS Daily Satellite Satellite Satellite Ju et al. (2006)
Biome-BGC Daily G DD and radiation Dynamic C Daylength and low Thornton ef al. (2002)
sum allocation temperature
Can-IBIS Half-hourly T threshold GDD and dynamic Prescribed El Maayar ef al. (2002)
C
CN-CLASS Half-hourly C balance C balance Daylength and low Arain el al. (2006)
temperature
DLEM Daily T7-gay = threshold GDD to PFT limit Daylength and low Tian et al. (2010)
temperature
Ecosys Hourly Hours above T Dynamic C Hours below T Grant ef al. (2009)
threshold allocation threshold
ED2 Half-hourly Semi-prescribed Dynamic C GDD and leaf Medvigy et al. (2009)
allocation turnover
ISAM Half-hourly Prescribed Prescribed Prescribed Jain & Yang (2005)
LoTEC Half-hourly GDD GDD T-dependent turnover Hanson ef al. (2004)
LP]_wsl Daily GDD GDD Leaf longevity Sitch et al. (2003)
(prescribed)
ORCHIDEE Half-hourly GDD and chilling Dynamic C Decreasing T and Krinner ef al. (2005)
allocation T threshold
SiIB3 Half-hourly Prescribed Prescribed PPrescribed Baker et al. (2008)
SiBCASA 10 min Prescribed Prescribed Prescribed Schaefer ef al. (2008)
55iB2 Half-hourly Prescribed Prescribed Prescribed Zhan et al. (2003)

Richardson et al. (GCB, 18,566-584. 2012)



Phenology in Current Models

* Most global scale models use phenology
formulations either based on GDD or
prescribe phenology

— Fixed leaf onset and offset based on growing
degree days (GDD)

— GDD controls LAT during the growing season
— GDD and leaf turnover rate for leaf offset
— Temperature dependent turnover

» GDD and prescribe approaches suffer
from its ability to portray the LAI
seasonality under current or even
future climate change scenarios



Phenology in the Current Version of ISAM

A carbon-gain-based (not temperature
based)

— Leaf onset when it is advantageous for
plant to have leaves (or carbon assimilation)

— Leaf offset when plant lose carbon under
unfavorable environmental conditions

 Shorter day length
* Colder temperature
* Soil moisture stress

 Robust and can be applied globally

* Perform acceptably for both current
and future climatic conditions



Model and Data Based Estimates for Growing Seasons in the
Northern Hemisphere




ISAM Accounts for Dynamic Root

* Change in root biomass results in change
in root density with depth

* Root depth not prescribed but vary
based on soil moisture availability

— Under water stress conditions roots can
grow much deeper and increase water uptake

— Increase water uptake increases the growing
season

— Increase water uptake (or transpiration)

increase LE and reduce water stress effect
on GPP



Other Model Extensions and Significance

» Agriculture practices simulation

-Dynamic planting and harvest scheme: better simulate
varied planting and harvest time across diverse
environmental conditions.

-Progressive nitrogen fertilizer scheme: better
simulate the impact of N fertilizer on soil N dynamics

»Parameterization of bedrock depth based on
realistic bedrock depth data

-better simulate total soil water storage and its
spatial and temporal variation.

> Parameterization of the effect of soil
structure on soil hydraulic conductivity

-better simulate soil water infiltration in the fine-
textured soil



Biogeosciences, 10, 8039-8066, 2013
www.biogeosciences.net/10/8039/2013/
do1:10.5194/bg-10-8039-2013

© Author(s) 2013. CC Attnbution 3.0 License.

Implementation of dynamic crop growth processes into a land

surface model: evaluation of energy, water and carbon fluxes under
corn and soybean rotation

Y. Song!, A. K. Jain!, and G. F. McIsaac’




ISAM Approach

 Estimates crop yield at
— Site level at diurnal scale
— Site level at daily scale
— Regional level at diurnal scale

— Global scale at daily, yearly and decadel
scales




Model vs. Measured LAT for Corn
and Soy (2001- 2004)

Corn (Mead) Soybean (Mead) Corn (Bondville)
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Model vs. Measured LAT for
Corn and Soy (2001- 2004)

Corn (Mead) Soybean (Mead) Corn (Bondville) Soybean (Bondville)
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Comparison of modeled and measured

Soil Denpth(m)

Soil Depth(m)

corn root density and water uptake

Julian day 174

A Measured
ISAM-DynamicR
— ISAM-StaticR

(a)

0.2

0.4 0.6

(d)

1 1.5

Julian day 191

(b)
A

A

A

0 0.2 0.4 0.6
Root Density(kg/mz)

(e)

-2

0 0.5 1 1:5

Water uptake in each soil layer(mm/day)

Julian day 204

0.4 0.6

()

0

0.5

Root grows deeper
soil layers under
water stress
conditions.

Root extracts more
water from deeper
soil layers, instead of
shallow soil layer,
leading to
redistribution of
water among soil
layers.



Measured and Modeled Mean Hourly

GPP & LH
2001-2004 Growing Period

Measured Modeled
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Yang et al. (Biogeosciences, 2013)



Measured and Modeled Mean Hourly
GPP & LH

2001-2004 Growing Period
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Yang et al. (Biogeosciences, 2013)



Measured and Simulated

Soil Water Content
Mead Site Bondville Site

Corn (Year 2001)
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Geophysical Research Letters

RESEARCH LETTER

10.1002/2015GL063841

Key Points:

+ In Corn Belt, El Nifio (La Nina)
has positive (negative) impact on
corn yield

« Crop models can capture the regional
impacts of ENSO on yield

- The study highlights the advantage
of simpler crop models and gridded
data sets

Supporting Information:
« Figures 5S1-54 and Tables 51 and 52
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Crop models capture the impacts of climate
variability on corn yield

Dev Niyogi'%, Xing Liu', Jeff Andresen®, Yang Song?, Atul K. Jain?, Olivia Kellner?, Eugene S. Takle®,
and Otto C. Doering®

1 Department of Agronomy, Purdue University, West Lafayette, Indiana, USA, - Department of Earth, Atmospheric, and
Planetary Sciences, Purdue University, West Lafayette, Indiana, USA, 2Department of Geography, Michigan State
University, East Lansing, Michigan, USA, 4Department of Atmospheric Sciences, University of lllinois at
Urbana-Champaign, Urbana, lllinois, USA, >Department of Agronomy, lowa State University of Science and Technology,
Ames, lowa, USA, 5Department of Agricultural Economics, Purdue University, West Lafayette, Indiana, USA

Abstract we investigate the ability of three different crop models of varying complexity for capturing
El Nifio-Southern Oscillation-based climate variability impacts on the U.S. Corn Belt (1981-2010). Results
indicate that crop models, irrespective of their complexity, are able to capture the impacts of climate
variability on yield. Multiple-model ensemble analysis provides best results. There was no significant
difference between using on-site and gridded meteorological data sets to drive the models. These
results highlight the ability of using simpler crop models and gridded regional data sets for crop-climate
assessments.
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Figure 1. Research domain (the U.5. Corn Belt) and bar charts with error bars of corn yield under ENSO events for
selected 18 counties used in model assessment. (MN: normal, E: El Nino, and L: La Nina. ¥ axis represents corn yield
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Table 1. Simulated Average Corn Yield (1981-2013) of 18 Counties Grouped Into ENSO Phases?

Yield Ratio

HM; HMj DSSAT, DSSAT, ISAM g

=
=

County E/N L/N E/N L/N E/N L/N E/N L/N E/N L/N
Johnson, I1A 1.03 09 1.04 097 108 09 111 092 1.03 1.07
Winnebago, |1A 1.02 0587 104 054 105 114 107 095 1.04 1.05
DeKalb, IL 1.05 0584 106 09 105 105 109 092 1.01 1.03
Douglass, IL 1.00 09 101 098 106 092 105 092 098 0.96
Huntington, IN 1.04 093 1.04 095 102 094 109 087 098 1.03
Jasper, IN 1.05 054 103 09 091 077 099 084 098 1.00
Shawnee, KS 1.03 093 0% 097 106 091 106 094 1.09 0.93
Olmsted, MN 1.02 102 105 098 116 1.00 099 098 1.00 1.03
Renville, MN 1.00 097 107 0594 120 098 107 084 113 0.96
Adair, MO .08 094 1.04 09 120 094 108 092 1.09 0.97
New Madrid, MO 099 094 101 095 103 099 104 088 1.01 0.94
Platte, NE 1.04 100 098 097 097 091 093 092 1.04 0.86
Union, OH 1.04 096 1.02 095 104 094 105 091 1.00 0.96
Rock, WI 1.02 094 105 094 107 09 111 095 099 1.04
Sauk, WI .01 1.01 106 102 105 1.0/ 103 101 103 1.10
Grand Forks, ND 091 1.01 1.06 098 124 101 120 09 110 1.00
Lucas, OH 1.03 09 103 09 09 09 105 093 1.00 1.04
Brookings, SD .01 106 101 106 093 073 100 090 1.05 1.21

1
2
3
4
5
6
7
8

Average .02 097 103 097 106 095 106 092 103 1.01(0.99°)

2 S: model running with on-site meteorological data; R: model running with reanalysis meteorological data; E:
El Nino; L: La Nina; and N: normal. Event to event variability is available in the supporting information Figure 54.
b Average without using Brookings, SD.




The Impact of Climate Change on
Production of Multiple Food Crops
in the 215" Century-An Analysis
based on Two Land Surface Models



Input Data

» Climate Data: Climate forcing date for
the historical time 1901- 2005 and for
the future climate scenario CMIP5
RCP8.5 for the time period 2006-2100
based on CESM (CLM 4.5).

* Crops Area Data: Monfreda et al.

(2008) cropping system dataset (M3
data)




Experiments Performed

Three experiments are performed for Using
ISAM and CLM LSMs over the time period
1901-2100

= (Climate+CO, case: the model is driven by temporally
varied climate forcing and atmospheric CO,
concentration.

» Climate+CO,+N case: the model is driven by varied
climate forcing and atmospheric CO, concentration and
with interactive N fertilization for crops.

* Climate+CO,+N+I case: the model is driven by varied
climate forcing and atmospheric CO2 concentration and
with interactive N fertilization and Irrigation for crops




Comparison of Mean Crop Yield over the Period
1997-2003 between ISAM and M3 Data
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B
- ’ L 2
-




Change in Historical Corn Yield
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Change in Future Corn Yield

(2090s -2000s)
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Thank you



