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Introduction

o Climate change (Temperature, Precipitation)
> Long-term trend
> Seasonal and diurnal pattern

> Intensity & frequency of extreme events

« Longer growth season or early greenness in northern
hemisphere
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Question:

1. How did the changing climate and phenology affect terrestrial water
cycles?

2. What's the relative contributions of temperature, precipitation, and
phenology to long-term trends and inter-annual variabilities of water
cycles and which region and season are most sensitive to the climate
change and phenology change over the last several decades?
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“VIC model

Variable Infiltration Capacity (VIC)

Macroscale Hydrologic Model
Variable Infiltration i el URasieson CotRiion
Capacity (VIC) is a process- Cell Energy and Moisture Fiuxes
based macro-scale
hydrological and land

surface model that simulate
energy and water fluxes over

Variable Infiltration Curve
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|mulat|on Experiments
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LAI: Leaf area index
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The trends in annual mean temperature, annual precipitation, leaf area index,
and simulated ET, runoff, and soil moisture during 1983-2009
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The inter-annual variations in climate and simulated water fluxes and the relative

contributions from climate factors and LAI on these hydrological fluxes.



Trends during 1983-2009 Dominant factor on trends Dominant factor on
interannual variations
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The spatial patterns of trends and the dominate factors on the
long-term trends and inter-annual variations.
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Soil Moisture

EWT (GRACE)

Validations of VIC simulated soil moisture and ET against remote sensing data

AMSR-E: The Advanced Microwave Scanning Radiometer
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GRACE: Gravity Recovery and Climate Experiment
EWT: Equivalent Water Depth
TWC: Total Water Content in the soil profile plus snowpack water equivalence
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Limitations and directions for future study:

# No vegetation dynamics, i.e. changes in biome or plant
functional types in this study. Biogeochemical processes and
vegetation dynamics need to be combined into hydrological
model;

# Need more sensitive analysis and parameter calibrations on

response of stomata conductance to extreme drought
conditions among different plant functional types;
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Atmospheric
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CCSM4: Global Climate
Largescale T, B U, ¥, W, O, R

Coupled Land-Atmosphere

CMAQ: Atmospheric
Chemistry

Meteorology
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WREF: Meteorology

Regional- scale
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VIC: Hydrology
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Terrestrial Nutrient
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Nutrients, Sediment:
Transport &
Retention

ColSim: Reservoir
Operations &
Withdrawals Altered
Streamflow,
Reservoir Storage

USDA/NSF/DOE EaSM (Earth
System Modeling)

PI: Jennifer C. Adam (WSU)
CoPIs: 18

WSU, OSU, PNNL, UCSB, NCAR,
Clark U.

Project Goal:

Improve understanding of the
interactions among carbon,
nitrogen, and water at the regional
scale, in the context of global
change, to inform decision makers'
strategies regarding natural and
agricultural resource management.

http://www.cereo.wsu.edu/bioearthAipdex.html
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mplications & Conclusion

Increasing leaf area index, which normally means increased growth season
and terrestrial ecosystem primary productivity, accelerated land
evapotranspiration and decreased runoff in the Continental US during the
last 27 years. It has almost the same magnitude of long-term effects on ET
and evapotranspirations as the increasing temperature during the last
decades.

Hydrological models should consider the effects of biogeochemical
processes on vegetation dynamics which causes LAI variations and hence
force long-term trends and season patterns of hydrological cycle.

Making decisions on ecosystem management including fertilization, tree
plantations, fertilizer usage, and cultivations need seriously put regional
water cycle consequences into considerations.
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