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Outline

1. Whatis ET? Why do we care
about ET?

2. Recent case studies: Role of ET
In regulating energy and water
balances (China, US), and
ecosystem management




Why ET?

Hydrologists: It is all about ET, but
difficult to measure; residuals (P-Q)

Climatologists: latent heat; source of water
vapor and precipitation

Ecologists: Carbon in, water out; WUE,
focus on T, not ET; biodiversity

Water managers: focus on water supply;
ET = ‘Biological pumps’ or Necessary Evils?
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Provisioning

Ecosystem Services

Services

Products obtained
from ecosystems

W Food

W Fresh water
B Fuelwood
W Fiber

B Biochemicals

B Genetic resources

m Soil formation

Regulating Services Cultural Services

Benefits obtained
from regulation of
ecosystem processes

B Climate regulation

W Disease regulation

B Water regulation

B Water purification

m Pollination

Nonmaterial
benefits obtained
from ecosystems

B Spiritual and religious

W Recreation and ecotourism

W Aesthetic

M [nspirational
m Educational
B Sense of place

B Cultural heritage

Supporting Services

Services necessary for the production of all other ecosystem services

m Nutrient cycling

M Primary production




Ecosystem Tradeoffs and Synergies

« Carbon and Water

Water quantity and quality

Water use and water supply by forests

« Spatial locations (up streams and down
streams; upwind and downwind)

 Water and Biodiversity



GPP (g C m=2 month—1)

Water and Carbon Coupling
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Water Use Efficiency (gC/Kg H,0)
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Case Studies: ET Regulating Streamflow

e« Case 1: T

and Air Humidity in

Urbanized Watersheds
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Elevated Runoff by reducing ET

(Hao et al. HESS, 2015)

P, PET, ET and Q [mm)

2000

P ——
—— ET g ET
P=-0.94 Year + 1130. _ . _ .
R2=0.001,p=0878  ~~°°° linear [P}  ----- Linear [Q)
----- Linear [ET —----- Lnear |[PET

PET =4.74 Year + 360
R*=0244 p=0.003

ET =-11%ear + 844
R*=0.48, p=0.000




ET and Urban Dry Isalnd

(Hao et al. Water Resources Research 2018)

AGU100

ADVANCING
EARTH AND
SPACE SCIENCE

Water Resources Research

RESEARCH ARTICLE
10.1029/2018WR023002

Key Points:

+ Proposed urban dry island (UDI) to
characterize urbanization effects on
reducing atmospheric humidity and
elevating vapor pressure deficit

+ Enhanced UDI effects are explained
by feedback of the ecohydrological
cycle to urban land cover change

+ Urban heat island and UDI effects are
coupled and should be collectively
addressed in urban planning and
climate change assessment

Ecohydrological Processes Explain Urban Dry Island
Effects in a Wet Region, Southern China

LuHao' (", Xiaolin Huang' ' '/, Mengsheng Qin' ", Yonggiang Liu?' ", Wenhong Li* ",
and Ge Sun*

"Key Laboratory of Meteorological Disaster, Ministry of Education/Joint International Research Laboratory of Climate and
Environment Change/Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science and
Technology, Nanjing, China, *Center for Forest Disturbance Science, Southern Research Station, USDA Forest Service,
Athens, GA, USA, 3Earth and Ocean Sciences, Nicholas School of the Environment, Duke University, Durham, NC, USA,
“Eastern Forest Environmental Threat Assessment Center, Southern Research Station, USDA Forest Service, Research
Triangle Park, NC, USA




ET and LAl Explains Meteo Change !
(Hao et al. Water Resources Research 2018)
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ET Explains Environmental Change

(Converting rice paddies to urban use)
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ECOHYDROLOGY ~ ~
Ecohydrol. (2010) ﬁ R }FEI':% ﬂl:{
Published online in Wiley Online Library AN —
(wileyonlinelibrary.com) DOI: 10.1002/eco.194

A general predictive model for estimating monthly ecosystem
evapotranspiration

Ge Sun,'* Karrin Alstad,? Jiquan Chen,? Shiping Chen,® Chelcy R. Ford,* Guanghui Lin,?
Chenfeng Liu,> Nan Lu.? Steven G. McNulty,l Haixia Miao,?> Asko Noormets,®
James M. Vose,* Burkhard Wilske,> Melanie Zeppel,” Yan Zhang’
and Zhigiang Zhang’
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Model Validations with ET are Rare

WasSSl: a Water Centric Ecosystem Model

8-digit HUC
[12-Digit HUC (Water Resource Region)

0 250 500
T T |

1,000 Kilometers

Water balance

AS=P-Q-ET NEE =-(GEP—Re)

Carbon balance

0 25 50 100 Kilometers
Lo bl

| 8-digit HUC
[[] 2-Digit HUC (WRR)
Streams

GEP= f(ET)

ET=f(PET, P,LAl, S)

forests

HUC: 03020201

Deciduous

Re=f(Ta, or ET, or GEP)

Shrublands

=f(P,ET,S
Q=f( ) 19

Sun et al, JGR-Biogeoscience, 2011
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Projected Urbanization Effects on Water Yield in 2040
(Submitted HESS, 2019; Li C. et al.)
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Projected Urbanization Effects on Water Yield in 2040
(Submitted to HESS, Li et al., 2019)

Water yield in 2000
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Projected Urbanization Effects on Water Yield in 2040
(Submitted HESS, 2019)

® HUC12 == Y=bX (R’=0.83; slope=-599)
- ® HUC8 == R’=0.88; slope=-639
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Projected Urbanization Effects on Water Yield in 2040
(Submitted HESS, 2019)
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Projected Urbanization Effects on GEP-Water Tradeoffs
(Submitted J of Hydrology, 2019; Li C. et al.)
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Take Home

1. ET is major linkage to ecosystem functions
and services

2. Ecosystems need a lot of water to realize
the ecosystem services (climate moderation,
pollution abatement, soil erosion control ..)

FRMHAKHL, BRIC, @2 HPLT)EE

3. Water shortage major challenge under
climate change and urbanization 7K &5 G
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(Beijing Forestry University Data Dr. Zhigiang Zhang)
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