
耶鲁大学-南京信息工程大学大气环境中心 

Yale-NUIST Center on Atmospheric Environment 

A Discussion on Two-layer Models of 
Ecosystem Evapotranspiration 

Reporter Shen Jing  
17/8/2012 



耶鲁大学-南京信息工程大学大气环境中心 

Yale-NUIST Center on Atmospheric Environment 

Outline : 
 The introduction to the S-W model. 

 Its short-term performance. 

 (refer to Evaporation from sparse crops-an energy combination theory  ) 

 Its long-term performance. 

(refer to Partitioning of evapotranspiration and its controls in four grassland  

ecosystems: Application of a two-source model) 



The introduction to the S-W model 

 



The equation combination 

In Eq.(6), 0.6 is the extinction coefficient of the canopy for net 
 radiation, chosen arbitrarily as 0.6 or 0.7. 



The equation combination 



The equation combination 



Its short-term performance: 

Fig 2a. Energy available to the crops and their free water substrates varies 
 with changes of vapor pressure deficit D . 



Fig 2b. Fraction of total evaporation originating from the plants 
varies with changes of vapor pressure deficit D. 



Fig 3a. Computed total crop evaporation rates  for the model  
              varies with changes of soil surface resistance. 



Fig 3b. Fraction of total evaporation originating from the plants 
               varies with changes of soil surface resistance. 



Tab 1. Calculated total crop evaporation rates with changes 
in the parameterization of aerodynamic resistance. 

The table illustrate the effect of halving and doubling the assumed value of mean 
 boundary layer resistance, the exponential decay in eddy diffusivity through a fully  
developed crop and extreme changes in the parameterization of raa  and ras. 



Tab 2 Fraction of total evaporation originating from the plants with  
changes in the  parameterization  of aerodynamic resistance. 



Tab 3. Total crop evaporation rate and fraction of total evaporation originating from the  
plants , for changes in the net radiation extinction coefficient   C=0.5,0.7,0.9. 

Numbers in brackets are the full range difference in the two perturbed values  
expressed as a percentage of those given with C=0.7. 



Fig 4a. Computed total crop evaporation rates vary with changes 
               of mean stomatal resistance. 



Fig 4b. Fraction of total evaporation originating from the plants varies 
               with changes of mean stomatal resistance. 



Study sites 

Study sites Location A.Mean.
Ta 

A.Mean 
Precipitation 

Max 
Height 

Max LAI 

SD 37⁰37′N,101⁰20′E;
3160m a.s.l 

-1.7℃ 580 mm 45cm 4 

GCT 37⁰40′N,101⁰20′E; 
3293m a.s.l 

-1.7℃ 580 mm 60cm 2.8 

DX 30⁰51′N,91⁰05′E; 
4333m a.s.l 

1.3℃ 477mm 5-10cm 1.1 

NM 43⁰33′N,116⁰40′E; 
1252m a.s.l 

-0.4℃ 350mm 50-60cm 1.5 

Its long-term performance: 



The equation combination 







Fig 2. comparisons between the modeled and measured evapotranspiration(ET) 
 at half-hourly time scale. The years of data used are 2005 in SD, GCT and  DX and 
 2004 in NM. 



Fig 3. diurnal variations of the modeled and measured ET during pre-growing season, 
 peak growing season and late growing season. For the sites SD, GCT and DX, the days  
Selected to represent each period were April 20-23, August 1-4 and September  
15-18, 2005 respectively. For NM, the days selected were May 5-8, August 1-4 
 and September 15-18, 2004, respectively. 





Fig 4. comparisons of the seasonal dynamics between modeled and measured  
ET in 2003-2005. 





Fig 5. Effect of canopy stomatal conductance (gsc) on E/ET at the half-hourly 
Time scale. Data were selected in the peak growing season( July 15-August  
15) In 2005(SD, GCT and DX) and in 2004 (NM). 





Fig 7. Effect of leaf area index (LAI) on daily E/ET was calculated as the ratio 
 of modeled daily E to modeled daily ET. 







Conclusion 

This study confirmed the good long-term performance of the S-W 
model at the four grassland ecosystems in China. 

The possible reasons: 
(1)Key parameters were estimated from Monte Carlo simulations. 
(2)The effect of soil water condition on canopy stomatal conductance 
 was added to the S-W model. 
(3)Robust EC data were used for the model-measurement comparison. 



Thanks for your attention and advice! 


