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Comparative Performance and Uncertainty of Gridded Atmospheric Products in 
Dzud Risk Assessments: A Case Study of the Selenge River Basin

Sural, K.E.1*, Shiklomanov1, N.I.,& Alexeev2, V., Shiklomanov A.I.3

Accurate meteorological inputs are critical for climate risk modeling, yet 

sparse observations in complex terrain create significant data gaps. We 

evaluated four high-resolution atmospheric datasets (UAF WRF, ERA5-

Land, MERRA-2, and NCEP-NCAR) across the topographically complex 

Selenge River basin (~447,000 km²) to determine how forcing variability 

affects the representation of extreme winter conditions linked to 

livestock mortality. Gridded climate indices were validated against local 

station records using ACC, MSSS, and ensemble-spread analyses. 

Results reveal substantial inter-dataset divergence and systematic cold-

season biases, demonstrating that dataset selection strongly impacts 

permafrost sensitivity and regional climate assessments. Resolving 

these uncertainties is essential for reliably mapping hydroclimatological 

variables and guiding adaptation policy across sensitive Northern 

Eurasian ecosystems.
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The Macro Winner (MERRA-2 > ERA5): MERRA-2 delivers the strongest 

composite Dzud fidelity ( ACC = 0.61 , MSSS = 0.21 ), driven by superior 

tracking of moisture anomalies (Precipitation ACC = 0.76, SPEI ACC = 0.79).

The Wind Chill Inversion: Global products fail completely at modeling deadly 

wind-temperature coupling (MSSS ≤ −0.79), whereas dynamically downscaled 

WRF uniquely captures surface Wind Chill Index (ACC = 0.60, MSSS = 0.20).

NCEP Magnitude Failure: NCEP loses all predictive value for Dzud risk 

(MSSS = −0.40) due to large variance and magnitude biases across stations.
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1. Evaluation of Normals: 

Mean Squared Skill Score (MSSS) measures 

the explanatory power of the gridded model 

relative to a baseline historical average 

(climatology):

MSSS = 1: Perfect forecast. The model error is 

zero.

MSSS > 0: The model is more skillful than the 

climatology. 

MSSS = 0: The model has the same accuracy 

as simply predicting the historical average

MSSS < 0: The model performs worse than the 

historical average.

MSSS = 1 −
𝑀𝑆𝐸𝑚𝑜𝑑𝑒𝑙

𝑀𝑆𝐸𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

2. Evaluation of Trends: 

Anomaly Correlation Coefficient (ACC) 

computes the linear association between 

modeled and observed anomalies, effectively 

factoring out the underlying seasonal cycle: 

ACC = 1: Perfect association between 

forecast and actual anomalies.

ACC > 0.6: Useful for numerical weather 

predictions.

ACC = 0: No linear association, meaning the 

forecast has no skill in predicting the anomaly.

To evaluate the accuracy and structural uncertainties of the reanalysis products (UAF WRF, ERA5-Land, 

MERRA-2, and NCEP–NCAR) against point-based station observations, data were spatially paired using 

bilinear interpolation. Two primary statistical validation pathways were then utilized:

𝑨𝑪𝑪 =
∑ 𝑓 − 𝑐 𝑎 − 𝑐

∑ 𝑓 − 𝑐 2 ∑ 𝑎 − 𝑐 2  

The Selenge River Basin (~447,000 km², Mongolia) features complex terrain with 

heterogeneous permafrost covering 29.5% of the area. Since these marginal zones 

hover near 0°C and are highly sensitive to climatic shifts, accurate forcing data is vital 

for subsurface modeling. This study validates gridded atmospheric fields from UAF 

WRF, ERA5-Land, MERRA-2, and NCEP–NCAR against ground observations 

stratified across low (<1000 m), mid (1000–1500 m), and high (>1500 m) elevation 

tiers to systematically quantify terrain-driven errors.
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  ACC = 0 . 61


  MSSS = 0 . 21


  ACC = 0 . 76


  ACC = 0 . 79


  MSSS ≤ − 0 . 79


  ACC = 0 . 60


  MSSS = 0 . 20


  MSSS = − 0 . 40


  = 1 −     M S E  m o d e l    M S E  r e f e r e n c e


  𝑨 𝑪 𝑪   =    (  ∑  (  f − c )  (  a − c ) )   (    ∑    (  f − c ) 2   ∑    (  a − c ) 2 )  

