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Noah-MP snowpack process enhancement lists

1. Improve canopy turbulent scheme: implementing roughness sublayer (RSL) with M-O 
theory [completed; need more comprehensive evaluations]: Abolafia-Rosenzweig et al. 2021

2. Improve snow albedo scheme:                                                                                                         
optimizing existing parameters [completed]: Abolafia-Rosenzweig et al. 2022                            
coupling with SNICAR [on-going; Tzu-Shun Lin]

3. Improve snow compaction/densification [completed]: Abolafia-Rosenzweig et al. in prep

4. Improve snow cover: optimizing snow depletion curve [just started]

5. Improve canopy snow interception [future work]



He et al. (2021, JGR): process-level 
snowpack analyses of WRF reveal 
possible deficiencies in Noah-MP: canopy 
processes, snow cover fraction and snow 
albedo

Existing publications

Abolafia-Rosenzweig et al. (2021, 
JAMES): accounting for canopy-induced 
turbulence in the RSL tends to improve 
accuracy of Noah-MP snow simulations at 
densely vegetated sites

Abolafia-Rosenzweig et al. (2022, 
JAMES): Optimizing BATS snow albedo 
parameters improves simulated snow 
albedo accuracy, particularly during 
ablation periods



Noah-MP snow compaction formulation

 

 

compaction from overburden and metamorphic changes

He et al. (2023) for detailed description



Parameter sensitivity

Snow depth from three simulations for each compaction parameter with +/-50% perturbations to each parameter

 

(Compaction from overburden)



The Noah-MP snow densification scheme still 
uses parameters derived over 50-years ago

2 locations in Hokkaido with <5-year record

Kojima (1967)



Today we have dense networks of snow 
observations!

https://www.nrcs.usda.gov/

SNOTEL
• >800 stations
• decades of data
• >2,000,000M observations



There are biases in this snow compaction 
formulation used by Noah-MP

Even when simulated SWE is 
constrained by observations

Mean bias = 53 mm
IQR of biases = -44 – 122 mm



Optimizing C
bd

 based on temperature
• Ran 40 sims with varied C

bd
: [0.0105 – 0.0315] (+/-50% of default value: 0.0210)

• For each of the 804 WUS SNOTEL sites we select optimal C
bd

 for accumulation seasons (Nov. – Mar.) and ablation seasons 
(post April 1) 

🡪 Test 160 unique linear equations based on 
perturbations of this seasonal relationship 
between C

bd
 & temp

🡪 Choose the “optimal” equation that results in 
the closest agreement with observed snow depth 
(small bias & RMSE)

Given that there is a relationship between optimal 
C

bd
 w/ temp can we formulate C

bd
 as a function of 

temp using a linear (ie C
bd

 = m*temp +b) equation?



Change in bias for western US SNOTEL sites 
(enhanced – default simulation)

Total period (WYs 2009-2018) Accumulation periods Ablation periods

Larger improvements in western sites where temperatures are warmer, where default 
parameter is too high

71% of sites with reduced bias 72% of sites with reduced bias 92% of sites with reduced bias



Snow density evaluation

Significantly improved snow 
density in ablation period 
(reduced biases)

Snow density = SWE/snow depth



Improvements most substantial for low 
elevation sites



Compaction enhancements are temporally 
transferable: evaluation WYs 1999-2008



Site-by-site temporal transferability

Total period (WYs 1999-2008) Accumulation periods Ablation periods

63% of sites with reduced bias 65% of sites with reduced bias 82% of sites with reduced bias



Open loop enhanced – baseline snow states 
from 4-km gridded W. US simulation

Snow fraction

Albedo

Snow depth

May 2011



Conclusions
• Process level enhancements for Noah-MP are being performed to improve snowpack 

modeling
• Existing enhancements include:

• Accounting for canopy-induced turbulence in the RSL
• BATS snow albedo parameter optimization
• Snow compaction enhancement

• Future work will focus on enhancing
• Snow cover fraction
• Canopy snow interception



Thank you!
abolafia@ucar.edu



SI



Why does the enhancement have greatest 
improvements for warm conditions? 

Default parameter value is 
suitable for cold 
temperatures (~ -5°C)…

but too high for warm 
temperatures







Biases in snow density in OL sims are smaller with the enhanced 
simulation



OL snow density 
comparison
















