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Results 
 

Figure 2: 

Ålarger spread in sub-canopy LW radiation for 

CLM than for SP, illustrated by RMSE values 

(Table 1) 

Ånet underestimation, evidenced by MBD and 

consequent LW undersupply of ground/snow 

ÅMBD and relative error only marginal for SP 
 

Figure 3: 

ÅSP close to observations 

Ådiurnal cycle of sub-canopy LW radiation depicts  

reason for large spread in CLM 

Åoverestimated influence of SW radiation Ÿ high 

vegetation temperatures Ÿ overestimated sub-

canopy LW radiation during daytime 

Åbut: underestimation during nighttime exceeds 

daytime overestimation 

Åexcessive nighttime cooling also found for the 

one-layer version of SP Ÿ one-layer models 

may behave somewhat similarly 
 

Figure 4: 

ÅSP again close to observations 

Ålarge diurnal cycle in CLM extends to LW 

enhancement, even dominating it 

üpattern of diurnal cycle more or less flipped: 

usually LW enhancement at Alptal slightly higher 

during nighttime/early morning Ÿ slower cooling 

of vegetation compared to air Ÿ thermal inertia 

of biomass 
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Results and Discussion 
 

Figure 2: 

Ålarger spread in sub-canopy LW radiation for 

CLM than for SP, illustrated by RMSE values 

(Table 1) 

Åmainly underestimation, evidenced by MBD and 

consequent LW undersupply of ground/snow 

ÅMBD and undersupply only marginal for SP 
 

Figure 3: 

ÅSP close to observations 

Ådiurnal cycle of sub-canopy LW radiation depicts  

reason for large spread in CLM 

Åoverestimated influence of SW radiation Ÿ high 

vegetation temperatures Ÿ overestimated sub-

canopy LW radiation during daytime 

Åbut: underestimation during nighttime exceeds 

daytime overestimation 

Åexcessive nighttime cooling also found for the 

one-layer version of SP Ÿ one-layer models 

behave somewhat similarly 
 

Figure 4: 

ÅSP again close to observations 

Figure 5: 

ÅAlptal data exceeds boreal spectrum of CLM4.5 

on both sides Ÿ higher and lower LW 

enhancement values, although similarly low LW 

enhancement for locations with different 

atmospheric LW forcing 

üsensible: Alptal rather alpine than boreal and 

located in mid-latitudes (1200m, 47ÁN), also 

very dense canopy 

ü further comparisons at observational sites 

necessary to cover boreal spectrum Ÿ as 

diverse as possible (meterological forcing, 
vegetation structure and composition) 
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Figure 5 ï LW enhancement relative to atmospheric LW radiation. 6h 

averages over January ï June of a CLM4.5 simulation year (orange) as 

well as 23 January 2004 ï 23 May 2004 for CLM4.5 at Alptal (teal) and 

Alptal observations (black). 

Introduction 
 

Differences between forested and open areas in modelling skill of snowmelt is due to complex processes 

between the forest canopy and snow. One of these is the enhancement of longwave (LW) radiation, i.e. 

the increase of sub-canopy LW radiation compared to the atmospheric forcing. Recent changes to the 

canopy module within the snow model SNOWPACK resulted in an improvement in modelling sub-canopy 

LW radiation. In this study we compare the respective canopy parameterisations of SNOWPACK 

(SP) and the land component CLM4.5 (CLM) of NCARôs Community Earth System Model. Improving 

the canopy parameterisation in global land models could contribute to correct the deficiencies 

found in global simulations of snow cover extent. 

Conclusions 
 

1. Simulations of sub-canopy LW radiation at Alptal using the canopy module 

of CLM4.5 display a large diurnal cycle with overestimation during daytime 

and underestimation during nighttime. Due to the resulting net 

underestimation too little LW radiation is reaching the ground  beneath the 

canopy, thus exhibiting potential to improve the simulation of snowmelt. 

Figure 3 ï Diurnal cycle of sub-canopy LW radiation calculated over the 

period 23 January 2004 ï 23 May 2004 for observations (black), CLM4.5 

(teal), and SNOWPACK (coral) 

Methodology 
 

We use observations from SnowMIP2 for the 

winter of 2003/04 at Alptal, Switzerland (see 

Photo). The scheme for comparing CLM and SP is 

shown in Figure 1. The canopy modules are run in 

parallel using the same forcing and canopy 

interception (mass fluxes), the latter of which is 

calculated using CLM. The modules vary in the 

calculation of the vegetation temperature which 

results in differing sub-canopy LW radiation. 

Figure 4 ï Diurnal cycle of LW enhancement calculated over the period 23 

January 2004 ï 23 May 2004 for observations (black), CLM4.5 (teal), and 

SNOWPACK (coral) 

Figure 2 ï Comparison of simulated and observed sub-canopy LW 

radiation for CLM4.5 (teal) and SNOWPACK (coral). Alptal data are 

available for the period 23 January 2004 ï 23 May 2004 with a temporal 

resolution of 1 hour. The model time step is hence set to 1 hour as well. 

measure CLM4.5 SNOWPACK 

RMSE 21.9 W/m² 7.0 W/m² 

MBD -5.1 W/m² 1.1 W/m² 

relative error -1.5% 0.3% 

Table 1 ï Root-mean-square error, mean bias deviation and relative error 

of sub-canopy LW radiation for CLM4.5 and SNOWPACK simulations at 

Alptal over the period 23 January 2004 ï 23 May 2004 

1. Conclusions 
 

2. Simulated sub-canopy LW radiation displays similarities between CLM4.5 

and the one-layer version of SNOWPACK. This is encouraging since 

SNOWPACK was improved by increasing the complexity of the canopy 

parameterisation and could provide a guideline on how to improve 

modelling sub-canopy LW radiation in CLM4.5. 

Figure 1 ï Scheme for the comparison of canopy parameterisations: 

forcing data (red), model simulations (blue) and model output (green). LW 

radiation and enhancement are then compared to observations. Both 

models feature an individual energy balance for each vegetation layer. 


