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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-

Study Area & Data

Atmospheric analysis and modeling domain

Land, MERRA-2, and NCEP-NCAR) across the topographically complex y | }N('/
Selenge River basin (~447,000 km?) to determine how forcing variability 2~ |
affects the representation of extreme winter conditions linked to Jhatgal & Sykhbaatar 0
livestock mortality. Gridded climate indices were validated against local SMoron _hutag Darkh.a'noYeroo A
station records using ACC, MSSS, and ensemble-spread analyses. ToSOniSENgel g/ denemandal O%rkhon. .Baruunkha?/
Results reveal substantial inter-dataset divergence and systematic cold- [Geulaety 2 @ Bulgan Ugtaal ). daatar

: : : : Met Stations T tserleg Bu ant-Ukhaa\ e
season biases, demonstrating that dataset selection strongly impacts Grouped by Eevation, m }/’L‘ﬁ%’?\és setserleg éErdenesant e
S . . . < 1000 0 507100 00, Kilometers
permafrost sensitivity and regional climate assessments. Resolving 810001500 LU IESREX ¢ okl by
these uncertainties is essential for reliably mapping hydroclimatological . @ >uw ““"“’Gi',';;',”'CZ’TS;Q,??;"EZ’,?G&és,‘l‘;‘i,'?fi:ii‘?.”.f’i"@';i’lﬁ’téi;i'.fi"fm

variables and guiding adaptation policy across sensitive Northern
Eurasian ecosystems.

Methodology

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

The Selenge River Basin (~447,000 km? 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

W7o
P/ \N

FROZEN
COMMONS

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

tiers to systematically quantify terrain-driven errors.
bilinear interpolation. Two primary statistical validation pathways were then utilized:
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