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Outline 

• CLM4.5 and CLM5.0 land cover change sensitivity 
experiments 

• Observed climatic impacts of land cover change 
• Validation of CLM using FLUXNET 



Question #1 

• Can CLM4.5 and CLM5.0 reasonably represent the 
impacts of land cover change on surface 
temperature? 
 



CESM sensitivity experiment 

Name ATM LND Land Cover 

Ctrl_45_off 

Qian et al. (2006) CLM4.5 
(CESM-1.2.2) 

PFTs in 1850 

BareSoil_45_off Remove all PFTs 

AllGrass_45_off Replace all non-grass PFTs with grass 

Ctrl_50_off 

Qian et al. (2006) CLM5.0 
(CAM55CLM50hydro) 

PFTs in 1850 

BareSoil_50_off Remove all PFTs 

AllGrass_50_off Replace all non-grass PFTs with grass 



Metric for Biogeophysical Feedback  

albedo effect surface roughness 
effect 

Bowen ratio effect 

• the surface energy balance:  

• intrinsic biophysical mechanism (Lee et al., 2011): 
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Tsurf Change in BareSoil (CLM45) 



ET Change in BareSoil (CLM45) 

? 



Tsurf Change in BareSoil (CLM50) 



ET Change in BareSoil (CLM5) 



Tsurf Change in AllGrass (CLM45) 



Tsurf Change in AllGrass (CLM5) 



Observed Tsurf change 

tropical 

boreal 

temperate 

(Lee et al., 2011) 

open land - forest 



ET Change in AllGrass (CLM45) 



ET Change in AllGrass (CLM5) 



Question #2 

• Can CLM4.5 and CLM5.0 capture the observed 
impacts of land cover change on ET at paired 
FLUXNET sites? 

source: GoogleEarth 



FLUXNET paired sites 

Pair Period Location Name Latitide Longitude Elevation 
(m) Land cover Separation 

(km) 

1 2001-5 Duke Forest, 
NC 

US-DK1 35.9712 -79.0934 168 grassland 
0.69 

US-Dk2 35.9736 -79.1004 168 deciduous broadleaf  

2 2001-5 Duke Forest, 
NC 

US-DK1 35.9712 -79.0934 168 grassland 
 0.78 

US-Dk3 35.9782 -79.0942 163 evergreen needleleaf  

3 2006-10 Flagstaff,  
AZ 

US-Fwf 35.4454 -111.7718 2270 grassland 
33.84 

US-Fmf 35.1426 -111.7273 2160 evergreen needleleaf  

4 2006 Albemarle, 
NC 

US-NC1 35.8118 -76.7119 5 open shrub 
4.04 

US-NC2 35.8030 -76.6685 5 evergreen needleleaf 

5 2004 Boreal, 
SK 

CA-SF3 54.0916 -106.0053 540 open shrub 
19.90 

CA-SF2 54.2539 -105.8775 520 evergreen needleleaf 



LE change 



Change in ET components 



Question #3 

• How is the performance of CLM45 and CLM50 
using the Protocol for the Analysis of Land Surface 
Models (PALS)? 



PALS sites 



Statistical Metrics 

(Best et al. 2015) 



Sensible heat flux 

7.76 
 
10.87 

0.22 
 
0.22 

0.84 
 
0.85 

0.58 
 
0.59 



Latent heat flux 

-1.45 
 
-5.48 

0.14 
 
0.17 

0.81 
 
0.82 

0.53 
 
0.50 



Ranking the models 

• ns is the number of sites 

• nt is the number of metrics 

• Rijk is the rank of model at 

site j for metric k (1 or 2) 
(Best et al. 2015) 



Conclusion 

• CLM5.0 shows improved performance in bare soil sensitivity 
experiment. 

• Both CLM4.5 and CLM5.0 have a good agreement with flux tower data, 
and CLM5.0 shows a little bit improvement (variability better, biases 
worse). 

• Something is still missing in terms of climatic sensitivity of land 
cover/land use change (deforestation). 



 



 



ET Change in AllGrass (CLM5 coupled) 



ET simulation 

* open land (grassland or shrub) 



Forcing 



Land Cover Types 

Sensible Heat Flux Latent Heat Flux 

Grass: grassland (9); NE: needleleaf evergreen forest (10); BE: broadleaf 
evergreen forest (6); BD: broadleaf deciduous forest (6)  
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