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Science Team Member “Activities”

Convener of special sessions on phenology at AGU 
Fall meetings:

2004: “Phenology and Global Change: Pattern, Process, and Dynamics”

2005: “Land Surface Phenology: Characterization, Modeling & Analysis of Change”

2006: “Land Surface Phenology, Seasonality, and the Water Cycle”

Topic editor for The Encyclopedia of Earth

http://www.eoearth.org



Eurasian semi-arid grain belt covers ~200 million ha and extends from eastern UA 
across southern RU and northern KZ 

The current population in the region is roughly 41 million with 70% in eastern UA. 

Three main grain crops: barley, winter wheat, and spring wheat. 

Cropping predominantly follows a rain-fed fallow rotational system.

Study Region
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Hypothesis 1
Following the collapse of the Soviet Union LCLUC was sufficiently extensive to 
affect the hydrometeorology of the Eurasian semi-arid grain belt, inducing 
significant changes in energy and moisture exchange between land surface and 
atmosphere, thereby modifying regional patterns of precipitation and surface 
conditions.

Q1. Can the changes in land surface phenology (LSP) 
of these types, magnitudes, and extents influence the 
regional hydrometeorology as seen in changes to the 
precipitation regime? 

Q2. Have these LSP changes already influenced the 
regional hydrometeorology?

4 questions we aim to answer



Hypothesis 2
Changes in regional hydrometeorology have made the Eurasian semi-arid grain 
belt more vulnerable to drier conditions under the influence of climate modes 
and this vulnerability will be enhanced given current GCM and RCM predictions 
under “Business as Usual” scenarios.

Q3. To what extent are the harsher growing seasons 
observed within the historical weather record associated 
with climate modes? To what extent can these associations 
be observed in the satellite record? What is the effect of 
the teleconnections on LSP?

Q4. What is the sensitivity of LSP in MM5-LSM in 
simulations forced by atmospheric conditions representing 
strong teleconnection influence? 

4 questions we aim to answer



TASK A: Q1 Modeling Studies to Address H1—MM5-NOAH will be run over the study region using historic, 
contemporary, and altered land surface covers during the spring green-up phase for pre-collapse (1985-88) and two 
post-collapse periods (1995-1999 and 2002-2005).

TASK B: Q2 Retrospective Analyses to Address H1—Retrospective analyses of multiple kinds of data: 
temperature and precipitation from ground stations, time series from passive microwave (SMMR, SSM/I, AMSR-E) 
and optical (AVHRR and MODIS) sensors, variables from retrospective modeling studies, and the new higher 
resolution MM5-NOAH simulations of TASK A. 

TASK C: Q3 Retrospective Analyses to Address H2—We will consider North Atlantic Oscillation (NAO), 
Arctic Oscillation (AO), El Niño-Southern Oscillation (ENSO), Pacific Decadal Oscillation (PDO), Indian Ocean 
Dipole (IOD), and the lesser Eurasian modes.

TASK D: Q4 Model Sensitivity Analyses to Address H2—We will select particular growing seasons, force 
MM5-NOAH with the associated atmospheric conditions, and observe the effects on hydrometeorological
parameters in the context of the variations in the climate modes. 

TASK E: Vulnerability Analyses to Address H2—We will develop scenarios of human vulnerability to 
climate change that will embrace both climate trends as projected by the selected GCMs and RCMs and 
nonclimatic scenarios due to socioeconomic, technological, land use & environmental changes. 

Plan of attack



TASK A: Q1 Modeling Studies to Address H1—MM5-NOAH will be run over 
the study region using historic, contemporary, and altered land surface covers 
during the spring green-up phase for pre-collapse (1985-88) and two post-
collapse periods (1995-1999 and 2002-2005).

Assess computational costs with model options & select optimal settings.

Modify MM5 to accept twice-monthly fractional green cover (Fgreen) layers.

Generate Fgreen image series from PAL NDVI using Jiang et al. (2006) method.

Run MM5-NOAH with new Fgreen series and assess difference over default data.

Jiang, Z., Huete, A.R., Chen, J., Chen, Y., Li, J., Yan, G., Zhang, X., Analysis of NDVI and scaled 
difference vegetation index retrievals of vegetation fraction. Remote Sensing of Environment, 
101: 366-378, 2006.



Reference data: GPCC precip

MM5 simulations using 20km 
& 1deg grids to scope 
settings



Vegetation Fraction - April

April 1982 April 1988

April 1995 April 2000



Vegetation Fraction - August

August 1982 August 1988

August 1995 August 2000



Total Rainfall: March through September 1989

Default veg SVI veg



Precipitation patchiness emerges in difference image
Results from SVI veg layer minus default veg layer 

Is this patchiness a real effect 
or artifactual?  Not yet sure, but 
we’re working on it.



TASK C: Q3 Retrospective Analyses to Address H2—We will consider North Atlantic 
Oscillation (NAO), Arctic Oscillation (AO), El Niño-Southern Oscillation (ENSO), Pacific 
Decadal Oscillation (PDO), Indian Ocean Dipole (IOD), and the lesser Eurasian modes.

Assess climate mode influences on drivers of LSP:

• Temperature as AGDD from NCEP/NCAR Reanalysis 2

• Precipitation as seasonal averages from Xie pentad precipitation

• Snow cover seasonality from Northern Hemisphere EASE-Grid Weekly Snow 
Cover and Sea Ice Extent Version 3

Assess climate mode influences on LSP model parameter coefficients



1st PC of quantity of AGDD to peak NDVI

1st PC of NDVI at start of seasonal observations 

1st PC of seasonal dynamic range of NDVI AGDD from NCEP/NCAR Reanalysis 2
NDVI from PAL 1985-88 and 1995-99

A big, simple view of temperate land surface phenology

NDVI = α + β*AGDD + γ*AGDD2



http://www.cpc.noaa.gov/data/indices/soi

AGDD & SOI 
anomalies

APR30

AUG30

AUG-APR



AGDD & PDO

APR30

AUG30

AUG-APR



NAO & Xie pentad precipitation (2.5° grid)

DJF

MAM



1982-2001

# snow weeks 
correlated with ENSO

Positive correlation:
ENSO index up 
longer period with 
snow cover.

Negative correlation:
ENSO index up 
shorter period with 
snow cover.



LSP intercept & DJF NAO  

LSP green-up period & DJF NAO  

LSP dynamic range & DJF NAO  

LSP goodness of fit & DJF NAO  



TASK E: Vulnerability Analyses to Address H2—We will develop scenarios of human 
vulnerability to climate change that will embrace both climate trends as projected by the 
selected GCMs and RCMs and nonclimatic scenarios due to socioeconomic, 
technological, land use & environmental changes.

Analysis of General Circulation Model scenarios

Policy scenarios: Business-as-usual and Special Report on Emission Scenarios 
(SRES) of the Intergovernmental Panel on Climate Change (IPCC) 

Agricultural policies and national/regional economic  systems: Basic Link 
System (BSL) of the International Institute for Applied Systems Analysis (IIASA )



Global change

GCM scenarios SRES scenarios

Regional Climate 
Change scenarios

Regional
socio-economic 

Storylines 

Human vulnerability
Assessment: 
Agriculture,

Water resources,
Human health



MAGICC 
 

 
Model for the Assessment of Greenhouse-gas 
Induced Climate Change  
 
MAGICC is the climate model that has been 
used in all IPCC assessments to produce 
projections of global-mean temperature and 
precipitation. 
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SCENGEN? 
 
 
SCENGEN is a climate SCENario GENerator.
 
SCENGEN uses the output from MAGICC to 
produce maps showing the regional details of 
future climate.  
 
 
 
 
 



THE MAGICC/SCENGEN SOFTWARE : SCENGEN

Global-mean Temperature 
from MAGICC

Regionalization 
Algorithm

Library of
GCM Data Sets
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Baseline
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Baseline climatology: mean temperature

•HadCM2 modeled annual 
temperature 1961-1990, °C

•GFDL-R15 modeled annual 
temperature 1961-1990, °C

•ECHAM4 modeled annual 
temperature 1961-1990, °C

• Observed annual 
temperature 1961-1990, °C



Baseline climatology: precipitation

•HadCM2 modeled annual 
precipitation 1961-1990, °C

•GFDL-R15 modeled annual 
precipitation 1961-1990, °C

•ECHAM4 modeled annual 
precipitation 1961-1990, °C

• Observed annual 
precipitation 1961-1990, 
mm/day



Regional temperature change predictions for March-April-May 
for 2050 from different GCMs under business-as-usual scenario 
using MAGICC/SCENGEN (5o gridcells)

The variability of GCM predictions for 
the study region is very high! 

Where is consensus? 



Socio-economic scenarios:
• IS92 “Business-as-usual” scenarios (a-f)
• SRES emissions scenarios:



SRES storylines:
• A1 storyline: very rapid economic growth, global population that peaks in mid-

century and declines thereafter, and rapid introduction of new and more 
efficient technologies. 

• A2 storyline: a very heterogeneous world with continuously increasing global 
population and regionally oriented economic growth that is more fragmented 
and slower than in other storylines.

• B1 storyline: a convergent world with the same global population as in the A1 
storyline but with rapid changes in economic structures toward a service and 
information economy, with reductions in material intensity, and the 
introduction of clean and resource-efficient technologies.

• B2 storyline: a world in which the emphasis is on local solutions to economic,
social, and environmental sustainability, with continuously increasing 
population and intermediate economic development.



Progress on other fronts: 

Digitizing crop phenology data from 1950s reviews

Trend analyses of temp, ppt, NDVI

Phenological mixture model technology

Vegetation water content dynamics from 
passive microwave data (AMSR-E)

Intercomparison of PAL and GIMMS NDVI products 
for change analysis applications

Another work in progress…

geoffrey.henebry@sdstate.edu
http://globalmonitoring.sdstate.edu/eurasia-LSP/
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