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Background 

Global Terrestrial Network – Hydrology (GTN-H) 

Water is not distributed evenly over the globe Terrestrial Water Cycle 

Annual renewable water (m3/person/yr) 



• Evapotranspiration 
 

• Glacier Area and Thickness 
 

• Soil Freeze/Thaw Status 
 

Outline 



Model: ETMonitor 
 

Evapotranspiration 

ETMonitor: A process based model 
implementing processes of energy balance, 
plant physiology and soil water balance. 

interception 

Root uptake 

Rnc 

Rns 

SMs 

SMr 

SMb 

Solar radiation 

LST 

• Combining optical and microwave 
remote sensing observations 



Data used 
EO data 

Albedo and LAI (Global LAnd Surface Satellite - GLASS) 

Soil Moisture (ASCAT) 

Precipitation (CMORPH V1.0) 

Land Cover (MODIS MCD12Q1) 

Forest Height (JPL) 

  Meteorological data (ERA - Interim) 

  DEM (SRTM) 

Evapotranspiration 



Evapotranspiration 
Global annual mean ET by ETMonitor, 2008-2013 (mm/yr) 
 



Evapotranspiration 
Global annual mean ET by ETMonitor, 2008-2013 (mm/yr) 
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Evapotranspiration 
Global annual mean ET by ETMonitor, 2008-2013 (mm/yr) 
 

153 flux sites:  
– 98 from Fluxnet2015 
– 6 from HiWATER 
– 37from AmeriFlux 
– 8 from EuroFlux 
– 4 from AsiaFlux 

• validation 

Bias:0.26 (-1.22~1.46) mm/d 

R: 0.77 (0.28~0.92)  

RMSE:1.17 (0.47~1.87) mm/d  



Evapotranspiration 
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(e) Miyun

Cropland + orchard (semi-humid region) 
0 180 360 540 720 900 1080

Days since Jan 1, 2008

0

1

2

3

4

5

6

ET
 (m

m/
d)

EC
ETMonitor
MOD16

(d) Guantao2008-2010 
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(e) Miyun2008-2010 

Haihe Cropland (semi-humid region) 
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(a) Yingke
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(b) A'rou
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(c) Guantan

Cropland (semi-arid region, irrigated) 

Alpine grassland 

Alpine forest 
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(a) Yingke2009-2011 
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(b) A'rou2009-2011 
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(c) Guantan2009-2011  ETMonitor performs better than 
MOD16 



Evapotranspiration 

Comparison of Tr and Es with isotope observation in Heihe river basin, 2012  

• ET partitioning validation 



Evapotranspiration 
• Comparison with other ET products 

GLEAM v3a 

ERA-Interim 
reanalysis 

ETMonitor 

MOD16 

GLDAS Noah v2 

Tr：transpiration               
Es：soil evaporation    
Ei：rainfall interception loss  
Ew：water evaporation +snow 
sublimation 

ET = Tr + Es + Ei + Ew 



Evapotranspiration 
• Comparison with other ET products 

Soil evaporation plant transpiration Interception loss 

GLEAM 

ETMonitor 

GLDAS 
Noah v2  



Evapotranspiration 
• Seasonality of ET in high Asia 

May Jun. Jul. 

Aug. Sept. Oct. 

Pre monsoon Transition Monsoon season 
Monsoon season Transition Post monsoon 



• Evapotranspiration 
 

• Glacier Area and Thickness 
 

• Soil Freeze/Thaw Status 
 

Outline 



Glaciers and Lakes in HMA Region 

DEM 



Glaciers and Lakes in HMA Region 
Name Coverag

e 
Temp. 
range Data source Note organizati

on 

First Chinese Glacier 
Inventory (FCGI) 

Western 
China  

1956-
1984 

Aerial topographic maps and 
aerial photographs.  

long data span; with debris area but 
no boundary info 

CAREERI, 
CAS,  

The Second Chinese 
Glacier Inventory (SCGI) 

Western 
China  

2004-
2011 

Remote sensing images after 
2004 including Landsat 
TM/ETM+ and ASTER images, 
and DEMs from SRTM.  

Not complete in Lancang River, Nu 
River, and the eastern part of 
Yarlung Zangbo River due to  clouds 
and snow coverage; with debris 
area but no boundary info. 

CAREERI, 
CAS,  

World Glacier Inventory 
(WGI) Global 1900-

2003 
aerial photograph and 
topographic maps 

location, total area, type of debris; 
no glacier boundary info. NSIDC  

Global Land Ice Measur. 
from Space (GLIMS)  Global After 

1950 
ASTER + aerial photograph 
and SPOT data  

Long time span;GLIMS in China is 
from FCGI  NSIDC 

MODIS Persistent 
Ice (MODICE) data Global  After 

2000 
MODIS data with 500m spatial 
resolution 

total glacier area, not distinguish 
debris-covered area. 

NASA, 
NSIDC 

Hindu Kush Himalayan 
(HKH) glacier data 

HK 
Himalaya
n 

2005 Landsat satellite data and 
SRTM DEM data  ICIMOD) 

Glacier Area Mapping for 
Discharge from the Asian 
Mountains (GAMDAM) 

High-
mountain 
Asia 

1999-
2003 Landsat images Nagoya 

University 



Glaciers and Lakes in HMA Region 
Objective:  

– to produce multiple years datasets; 
– to distinguish debris-free glacier area and debris-covered glacier area using 

machine-learning classification method. 

 

Shukla et al., 2010 

Debris-covered glacier 
Supraglacial debris (SGD) 

Mixed ice and debris (MID) 

Debris-free glacier  
Glacier boundary  



Glaciers and Lakes in HMA Region 

Progress:  
machine-learning 
algorithm (radom 
forest) for 
automatic glacier 
mapping 
 



Glaciers and Lakes in HMA Region 

NDSI NDWI NDVI 

TOA Tb Slope 
False color composite  
(SWIR,NIR, Green) 

Data: Landsat (TM, ETM+, OLI); GF-1 PMS, Sentinel 2; ASTER GDEM 30m (slope, aspect and 
elevation; Google Earth image 
Choose images from ablation season (least snow cover and cloud free) 



Glaciers and Lakes in HMA Region 
Preliminary results: 

 
    

 
  

 
 



Glaciers and Lakes in HMA Region 
Preliminary results: Example 1- a expanding lake at glacier tongues 
 

 
    

 
  

 
 



Glaciers and Lakes in HMA Region 
Preliminary results: Example 1- a expanding lake at glacier tongues 
 

 
    

 
  

 
 



Glaciers and Lakes in HMA Region 
Preliminary results: Change of glacier number and area 
 

• Both area and number of glaciers are decreased; 
• More significant decrease in number of small sized 

glaciers 

Three areas with different relationship and trends: 
1. Lake level ↑ vs ↓ glacier thickness in Tanggula 

Mountains,  
2. Lake level ↓ vs ↓ glacier thickness in the 

western Nyainqentanglha mountains, Himalaya 
mountains, and Gangdise mountains,  

3. Lake level ↑ vs ↑ glacier thickness around 
Kunlun Mountains. 



• Evapotranspiration 
 

• Glacier Area and Thickness 
 

• Soil Freeze/Thaw Status 
 

Outline 



Freeze/Thaw Status 
Linear regression method for F/T by fusion of microwave and 
thermal infrared data 

x 

y 

LST 

a*LST+b=0 

Freeze Thawed 

x 

y 

Tb37V 

Qe A*x+B*y+C=0 

Freeze 

Thawed 

1D (LST) 

2D (Qe,Tb37V) 

𝐷𝐷𝐹𝐹 − 𝐷𝐷𝑇𝑇 = −0.08 ∙ 𝑇𝑇𝑇𝑇36.5𝑉𝑉 + 5.36 ∙
𝑇𝑇𝑇𝑇18.7𝐻𝐻

𝑇𝑇𝑇𝑇36.5𝑉𝑉
+ 15.64 = 0 

F/T boundary 
 

Binary results to quantitative values 

FTI = 𝐷𝐷𝐹𝐹 − 𝐷𝐷𝑇𝑇  
Linear relationship with LST 

FTI = A ∙ LST + B 

Qe 

Data: MSRE, MODIS; FY3 
 
 



Freeze/Thaw Status 
In-situ measurements: Multi-scale monitoring network in Naqu of TP 

Totally 56 stations at three different spatial scales, 
and 30 sites recorded data from August 1, 2010 
Alpine grasslands: area of about 10,000 km2 (31-32N，91.5-
92.5E) 
Soil moisture and temperature (5TM) @ 5, 10, 20, 40 cm 

• Soil surface starts its diurnal freeze-thaw cycle from 
October and becomes fully frozen during December 
to February. 
 
 

 
• MODIS LST data products 
Spatial resolution: 0.05deg 
• AMSR-E Tb data products 
Spatial resolution: 0.25deg 



Freeze/Thaw Status 
Preliminary results: Validation 
 microwave thermal 

Comparison of results from 
microwave and thermal sensor 



Freeze/Thaw Status 
Preliminary results: 

Asc. Dsc. 

Coefficients of the linear relationship for ascending and descending orbits 



microwave 

Thermal 
infrared 

Integrated 

Freeze/Thaw Status 

   

Preliminary results: F/T detection by fusing microwave and thermal data 
 



Freeze/Thaw Status 
Preliminary results: Validation 
 Assessment of the estimate at 

CMA meteorological stations Active layer 
monitoring sites along 
the Qinghai-Tibet 
Highway/Railway 
(since 1998) 



Deliverables 
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Thank you for your attention ! 
 

Li Jia 
Team Earth Observation for Water Cycle (EOWater) 

State Key Laboratory of Remote Sensing Science 
Institute of Remote Sensing and Digital Earth (RADI),  

Chinese Academy of Sciences (CAS) 
jiali@radi.ac.cn 

http://eo-water.radi.ac.cn/en 
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