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Outline

1. What is 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? 



Why ET?

ET
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Ecosystem Services



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
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From Sun et al, JGR-Biogeoscience, 2011

Water and Carbon Coupling



Water Use Efficiency (gC/Kg H2O)
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Case Studies: ET Regulating Streamflow 

and Air Humidity in

Urbanized Watersheds

• Case 1: 城市化的水文气象效应(南京秦
淮河水稻田流域, 长三角）

• (Urbanization and UHI and UDI) 

• Case 2: 城市化对碳水平衡的影响
(Urbanization Effects on Water and 

GEP)



3

2000 2004 2007

2011 2013
➢ 城市：9.4% —24.1%

➢ 稻田： 42% —33.4%

➢ 菜地： 29.9%—26.2%

➢ 林地： 13.6%—11.9%

➢ 水域： 4.8%—4.3%

南京秦淮河流域土地利用/覆被变化 (LULCC, Nanjing, China)



Elevated Runoff by reducing ET
(Hao et al. HESS, 2015)



ET and Urban Dry Isalnd
(Hao et al. Water Resources Research 2018)



ET and LAI Explains Meteo Change !

(Hao et al. Water Resources Research 2018)



ET Explains Environmental Change

Hao et al. WRR 2018



We are in the News
(Hao et al. Water Resources Research)



中美碳联盟通量观测网络 （USCCC)

Oak Opening, Toledo, Ohio  

(OHOO) 

Beijing Poplar Plantation   

(BJPL) 

Duolun Steppe 

(DLSP) , IM

Xilinhot Grazed 

Grassland (XLDS) , 

IM

Australia, Castlereagh, 

Western Sydney (AUWS) 

Australia, Paringa, 

Open woodland 

(AUPA) White pine, Coweeta, 

NC  (CWWP 

Loblolly pine

(NCLP) 

Clearcut

(NCCC) 

Xilinhot Fenced 

Grassland (XLSP) , IM

Kubuqi Shrubland (KBSB), 

Inner Mongolia (IM)

Kubuqi Poplar Plantation  (KBPL) , 

Inner Mongolia (IM)

Duolun

Croplands 

(DLCP) , IM



ET= 11.94 + 4.76*LAI+PET 

*(0.032*LAI+0.0026*P+0.15)

R2 = 0.85

RMSE = 15 mm mo-1

n = 222 (13 sites)

月尺度蒸发散模型
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ΔS = P- Q - ET

Water balance Carbon balance

NEE = - (GEP – Re)

P

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

GEP= f(ET)

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

Q=f(P,ET,S)

Crops
Deciduous 

forests

Shrublands

Grasslands

Urban
WRR 03

HUC: 03020201

WaSSI: a Water Centric Ecosystem Model

Model Validations with ET are Rare

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.)



Projected Urbanization Effects on Water Yield in 2040

(Submitted to HESS, Li et al., 2019)



Projected Urbanization Effects on Water Yield in 2040

(Submitted HESS, 2019)



Projected Urbanization Effects on Water Yield in 2040

(Submitted HESS, 2019)



Projected Urbanization Effects on GEP-Water Tradeoffs
(Submitted J of Hydrology, 2019; Li C. et al.)



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 ..) 

森林抽水机，碳汇，湿地空调机功能

3. Water shortage major challenge under 

climate change and urbanization 水资源危机

Take Home



SGCP

北京大兴杨树林水量平衡
(Beijing Forestry University Data Dr. Zhiqiang Zhang)



(Wang et al. For Eco Man 2014)


