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- - (Research components are color-
MEI]OI' PI'O]ECt Goals and PI'OQI'ESS coded here and elsewhere on poster)

1) To|develop a comprehensive, high-resolution database|of recent
and current land cover in MMSEA and to|develop scenarios an
|simulations of LCLUC/in the region to 2025 an to be used as

data layers in a regional climate change model;

2) To make|field measurements|of key hydrological variables within
[two representative watersheds|for the purposes of calibrating and

validating hydrological and climatological models for the region;

3) Toimodel hydrological processes|within each study watershed
to establish the role of land-cover change in altering watershed
function.

4) To/simulate the climate and hydrology|of the greater East and
SE Asia region under scenarios of land-cover and climatic change.

J9) To use climate model output to drive simulations of the
watershed model to|predict the effects of both land-cover and|
[climatic change,|including feedbacks, on MMSEA hydrology.




P A Lo
bands T, 4, 2 Composhe Masalc Image {1999 « 2002)

Adden 'I'Iul:l ® 'Ih 22m ullmab
1onover wen uctabow the

MMae 33 Watershed, nerthemn Thuland
Lacakrans ot bl fpdrakagy |n51r||mrnt5
Pl mlige area: T2 gy K

Irmlallatin Typs

RE'Hota -
RO ad ¢ Ll al
L] .-@., 1
: P 2001 MODI5-based Larnd Cower
ol Eaul e
e Pl - ~1km Rescldion Pixels

Mocwnrm T Lawed Luyyur g

IGEBP Qassification Scherns




Land cover/vegetation map

MODIS-IGBP
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* MODIS-1GBP obtained at 0.008333
degree
* Upscaled to 0.08333 degree (~9.26 km)
using dominant landscape approach
* IGBP vegetation classes were then
translated to corresponding BATS classes
* Incorporated some attributes from
AVHRR-BATS when MODIS-IGBP
class was too broad (“Grassland” in
IGBP could be translated to “Short
grass” or “Tall grass” in BATYS)
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Figure 3. Baseline (2001), 16-class land-cover map for the
MMSEA simulation region.
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Number of experts interviewed and areas of expertise

Cambodia |1 International academic

Laos 3 Local academic (2), international
academic (1)

Myanmar |1 International academic

Thailand |13 Local academic (3), international

academic (4), politician (2), land-use
manager (1), farmer (1)

Vietnam |3 Local academic (2), international
academic (1)
Yunnan 5 Local academic (3), international

academic (2)




Cumulative land-cover change in terms of area (sg. km.) and percent
calculated in 5 year increments over the 25 and 50 year periods.

2001-2025 2001-2050

Cambodia |59,579 6,142 10.31 14,963 25.11

Laos 283,363 26,589 |9.38 40,982 14.46

Myanmar |462,495 |27,096 |5.86 44,819 9.69
Thailand 303,093 |28,583 |9.43 50,032 16.51

Vietnam 285,271 33,954 |11.90 54,694 19.17
Yunnan 337,532 49,189 |14.57 78,560 23.27
MMSEA 1,731,333 (171,553 |9.91 284,050 |16.41




MMSEA Land Cover / Land Use Simulations

« Overall MMSEA Results [ Increase [l Decrease
Model Land Cover % 2000 % 2050 % Change
Crops + Grass 12.38 14.81 2.43
Irrigated Crops 9.5 10.11 0.61
Shrubs 2.91 4.6 1.69
Deciduous Forest 12.82 15.28 2.46




2001 - 2025

Baseline land-cover map (2001), simulation output maps for years 2025
and 2050, and maps showing areas of change/no change for 2001-2025
and 2001-2050 time periods.
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Why Root-water uptake during shedding?

WINTERING SHEDDING - FLUSHING

Rubber
1 |

Rubber ..

0 '
1 Jan 05 1 Feb 1 Mar 12 Mar 1 Apr0&

NOY - DEC - JAN - FEB - MAR - APR - MAY

Leaf flushing during the dry season:

1) New leaves during hottest & driest
season

2) Trees rely heavily on subsurface water

3) Climate is not the primary control of
phenology, but rather Day Length




Climate Simulations

* Regional climate model (RegCM3)
International Centre for Theoretical Physics in Italy

 Modeled LCLUC in MMSEA using

— Control simulations, present LCLU (2001) MMSEA
— LCLU replaced with irrigated crop
— LCLU replaced with short grass

— MMSEA'’s projected 2050 LCLU



Perturbed LCLU maps (left side) and relative changes

In regional precipitation (right side)
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Regional scale results

* Projected LCLUC to 2050

Evergreen broadleaf trees = Deciduous broadleaf trees
(Forest = Rubber and Cashews)

e Under 2050 LCLU scenario = changes In
precipitation over MMSEA, the Indochina
Peninsula, and eastern China are usually less than
10%.

» Global warming-related effects will have a greater
Impact on precipitation than our predicted 16.41%

changes in land cover.



The Expansion of Rubber and its Implications
for Water and Carbon Dynamics in Montane
Mainland Southeast Asia

E;(pansi'on;f rubber tree plantation-in Southé.rﬁ-" C"hi“ﬁa_..
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Project Objectives

Where is rubber being planted in the region and what are
current and predicted patterns of this expansion in relation to
other land-cover types?

What are the diurnal, seasonal, and interannual patterns in
energy exchange, evapotranspiration, net ecosystem exchange
of carbon, and aboveground net primary productivity for
rugger and the principal vegetation types being replaced by
rubber?

How does the unique phenological behavior of rubber
Influence the timing and rates of water flows through affected
watersheds and carbon exchange and sequestration?

How will the expansion of rubber and related land-use change
alter the region-wide storage of carbon?

How will climate change interact with rubber-related land-
cover/land-use change (LCLUC) to alter the regional stocks
and fluxes of carbon and water over the next 50 years?



Methods

Map and Model Emerging Rubber-growing
Regions

Use the Ecosystem Demography (ED) model to
simulate ecological processes, including leaf-level
physiological processes (such as photosynthesis,
respiration, and ET), individual-based vegetation
dynamics (growth, allocation, mortality,
phenology, and reproduction), landscape-scale
disturbance events (fire, wind-throw), and
belowground decomposition and soil hydrology.



Methods

ED Model Experiments

«  Toexamine the impact of rubber expansion, other LCLUC,
and climate change on water and carbon dynamics, we will
use ED to conduct the following four experiments:

— current rubber and land use (2000), current climate
(2000);

— projected rubber and land use (2001-2050), current
climate (2001-2050);

— current rubber and land use (2001-2050), projected
climate (2001-2050);

— projected rubber and land use (2001-2050), projected
climate (2001-2050).

We will investigate the marginal effects of a) rubber
expansion and other LCLUC, b) climate change, and c) the
combined effects of both on regional carbon and water
dynamics by comparing experiment 4 against 3, 2, and 1,
respectively.



Field Observations

 The model will include six major plant functional types (PFTs):
early-, mid-, and late-successional broadleaf woody vegetation
(excluding rubber) grass/shrub, crop, and rubber.

» Ground-based lidar will be used to measure vegetation attributes
such as height, DBH, structural biomass, leaf biomass for each
PFT. We will estimate the leaf area index (LAI) using a pair of
LAI-2000 plant canopy analyzers. Sapwood area will be
estimated using a variety of methods. These various
measurements will be used to derive allometric relationships
needed to parameterize the growth and allocation sub-models.



The water and carbon exchange characteristics of early-, mid-,
successional broadleaf woody vegetation (excluding rubber),
grass/shrub, and rubber are not well understood.

We will confine our observations of water and carbon fluxes and
related processes to those four vegetation groups

We will establish four eddy covariance tower sites near.

A permanent tower over rubber will be monitored continuously
throughout the study period.

In addition, three nearby sites, each dominated by a different key
PFT, will be monitored sequentially using a second, mobile,
Instrument set.

The mobile instrument set will be moved among the three sites
every six months, scheduled to allow adequate dry and wet
season monitoring at all three sites. Situated in a broad elevated
plain, with relatively large contiguous areas of rubber
cultivation, and various types of successional vegetation and
grass/shrub cover.
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