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MOTIVATION OBJECTIVES & POSTER SCOPE Snow Products
~1.9 billion people depend on High Mountain Asia water || The project evaluates three operational cryosphere monitoring tools Attribute AN MODSNOW s L4 SnowMapper P rnpremmps kN GlacierMapper [y,
' ' MODSNOW, S Mapper and GlacierMapper) across Kyrgyzstan (2000- | . | |
systems & >1/6 of global population relies on snowmelt. - || §57 iy 0T ootves pen revestan | Core Approach | HOD e aaral |+ ERAS/ECMAE e e ownscaling | decadal compositing in GEE
) [ | |
Kyrgyzstan's water resources are largely driven by seasonal | |i. Inter-product agreement & divergence across seasonal, interannual and | Dailv b | . | .
. C 1 . - _ . | aily binary snow cover | Continuous SWE, snow depth . Decadal Fractional snow cover (FSC)
snow and glacier melt & is highly climate-vulnerable. basin scales; Output Variables | + snow statistics | (Daily + 10 day forecast) | + Snow Line Altitude (SLA)
Accurate cryosphere monitoring is essential for water ii. Topographic dependence by assessing classification skill variation as a | 8cten cloud | | |
. . i I T=3a| g : - step Cloua cover remova 17 ..
resources management and hydrological forecasting. function of elevation, slope, aspect and glacierized terrains; | Cloud Physics | eafuroy & Birdossy, 2009) | Not needed | Temporal gap filling + compositing
(Harpold et al, 2017 Huning & AghaKouchak, 2020; Qin et al, 2020 Wieder et al, 2022) | | 11l. SNOW process representation by characterizing systematic discrepancies { | | | | | |
-0 * Sparse uneven in-situ observations (declining since 1990s) | |in snow persistence, melt timing, transitions and snowline altitude. Key Limitation | Cloud/'water body | High elevation negative bias; | 10 day temporal coarsening
Ili.Q!I e Existing snow products differ in physics, mechanisms, : . g misclassification g no glacier physics |
outs. resolutions and assumbtions: This poster focuses on the prerequisite methodology: Spatial Resolution I 500 m | 500 m | 500 m
pS t,ll't et oud P o o Timieat The harmonization framework that makes the snow produces P | (0.0058926°) | (0.0056534°) | (0.0044916°)
atellite products — cloud, terrain, spectral limitations : . . _ — _
Models — forcing, parameterization uncertainties comparable to achieve objectives i-iii. Fundamentally different products — Need Harmonization before comparison

METHODOLOGICAL FRAMEWORK
2.Data Harmonization
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Snow (i,j) = { . (. ].) _ } » 1o Sno‘;‘@ Negative | Negative - Majority Rule _ y 5 Cohen’s Kappa (), Critical Success
L g 0, it SWE(i,j)<T ] > 50% Snow — Pixel assigned Snow, otherwise no snow Topographic functions Index (CSI)
N SN 3 * v (Elevation, slope, aspect, Snow Depletion Curves (SDCs)
¥ Missing || e s 1 mm SWE (~1cm snow depth) Precision, Recall, F1 score, - glacierized regions] per >00m elevation band
Eastermost part of Lake Issyk-K ce-f — Giacirmapper identified as optimal threshold Balanced Accuracy, Mattews | FSCA Decadal NetCDF — Statl?}“‘:al Analcylrsles G S Snow line Altitudes (SLA)
Kyrgyzstan >0 detecrtficiSgggﬁccc;\&e;ﬁndwates Y w2 & applied to full record Correlation Coefficient (MCC) (Daily vs Decadal) Hlevaton  Slope Canny edge detection
(Benson et al,, 2012; Peeters et al., 2003). Longitude StatiStical Evaluation : : : : :
_ o o Fig 8. Pixel wise Spatial Comparison Workflow
| Lake Area Lake Area o Performance Evaluation . Fig 7. Cross-Scale Statistical Evaluation CrampleDates MODSNOW  Snowvapper
Table 1. Malor Lake Names Lake Names I d d t G .d . . - MODSNOW: Daily vs Decadal FSCA (2012) N SnowMapper: Daily vs Decadal FSCA (2012) . | | \
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bodi luded Creation e o] 180 CITOT MELes ‘*
odiles exciude ISSyk Kul 6195 Toktogul’skoye 22344 0 0056530 0.8 - = 3.0mm BE 20.0 mm (a) RMSE & T °] - Repeating for all pixels to
( " ) 0.6 - = oomm = eeam, (b) Correlatlon :: :: N : : 0.7 generatspatlalmap
Song Kel 274.73 Chatyr-Kel 151.84 ! e : | | :
Fig 3. Final Area of Interest (AOI) Nearest Nel_ghbor 3 o o T T T LRSS wovmon o - s e R e ’ “”‘l? > .
e v e wee v e gwe e e we e ave Resampling s g T T o AT B R ) - : | e B
z | | z : : &8 2 SRR G i T & -
5 | ; ~|% Three bas; Preserves discrete categorial g 3 £ oo 34 : S
, e : | Selgeciedats(‘)lncsagzﬁig Values, Minimizes ChangeS to %0. l i l 0:00.0 0 N | j‘l’;;j‘m 00000000000000000000000000000000 . I 12 Nov, 2023 -~
T O z contrasting hydro- | pixel values Table 2. Overall FSCA and Classification metrics ¢ 1 1 snotspm g v ot st S - | |
< : , - : — - < C]imatic and (QIGO et Cll., 2022} CUI et Cll., 2023} Dawson 0.4 1_'_ — — — . — Lo (r = 0.94, RMSE = 0.09) 100 f) SnowMapper: daily — decadal KS=0.05,p=1.6e-01. - Var(dec)/Var(day) = 0.93 N | | /
= C? : t hi et al, 2018; Nkiaka et al, 2022; Wu et al., SWE Threshold F1 | BA | MccC FSCA o o o o . . o] Gt e ’ ecadal
: > Toktogulskoye TSy & C%%‘é%{ﬁ‘)%sl:c 2022) (mm) Mean Bias (%) | RMSE (%) Corr. _ oa DiSrution of per-date corsloton by SWE treshold, | | £ T WWWWW Fig 9. Glacier outlines — to partition glacierized and non-glacierized
ST | e Ala Archa 1 0.72 | 0.72] 0.43 9.47 20.56 0.75 o LT L T + 8 o) regions — to assess differences in snow cover behavior
5 2 (273 km?) 3 0.67 | 0.69| 0.38 15.63 24.42 0.71 g (Shown: MODSNOW, sample summer
=S 2 5 0.65 |0.68 0.36 -18.34 26.7 0.68 Lo (FSCA difference, Seasonal distribution, RMSE, Correlation, SRR e
g - e Chatyr-Kel L K e -ll\larylr{l ~Uch- Resampled 10 0.62 |0.66| 0.33 -21.3 29.7 0.63 5 i N Kolmogorov-Smirnov test, p-value, variance ratio) 243: N ' - 242'1 o R~ A
1 S S R ST ) e of e ere 2 NetCDF 20 0.58 |0.64| 0.3 24.15 33 0.55 Sl - l 1 — . . . < £
NS ) 5 S AL . (4‘6 734‘ km ) 1 3 5 10 20 50 S 41 A S 41.9 -
: L S R T e 2 S(;kh 50 0.5 |0.61/025|  -30.09 40.19 0.34 S Negligible information loss confirmed. i ~ % s
I I T I Framework is sensor-agnostic and transferable to other data-sparse mountain regions (product heterogeneity and variable incompatibility) Lot ()
Longitude (°E)

INSIGHTS & TRANSFERABILITY

REFERENCES

@ e Framework can apply beyond Kyrgyzstan. The 3 step harmonization (spatial co-registration, variable transformation, temporal alignment) addresses : é‘;?vﬁgrﬁ}‘_‘%%‘;;;ﬁ%%g%%fé?%ﬁ%{?gggﬁ%&f;%;’gglg;tfe‘;yegg%%%‘%‘gﬁv‘ﬂ,gﬁglggg?vié‘lgenm%ieé gflfgvr‘;i};tggg ggggg;’gggﬁéﬁg‘gﬁg;%?;qﬁg{gﬁ}‘ga:tie%h?(}f;r}jjoﬁy-g%%/é‘jf;%‘gy{ 1%%(11%1%6141;42%;;%219ﬁgt-;ggf;ggi_org /10,1175 /JHM-D-18-0007.1 gthliESTVP\IerllfrngﬁS conducted as part of a Master’s project
1 1- 1 1 1 - 1 1 . , A, & B4 , A : t t. t t ' , , - https: . : -13- - .
1ISsues common to any mUItl prOdu_Ct SNoOw lntercomparls_on l_n data _SCEiI‘C? mountain reglons' ] o szﬂ?gl:é i., kﬁdill;efg.s,}{]nggr-Slha)yes&%, Ilézr\rllc?lygglrlr;ﬁyn? S(.? é)ég}}llbrl;ce),n'lf., Sc?mics:l;(}%‘fIgg;,:srhlr)lliﬁst)sg,lo.,é’& ll;/([)e%fz;,y;r%ZOfg). M}CI)SD(EIIGO\?\E'II}OC]SIS: An E)p)erationalbtool for%sai/lgl s%k%ggover r(rllon/it(()esiilﬁg usigg MOé)ISldata. Ecrllvirorlllrréental Egrth Scier12c1eSi751(1242),}11078. htctlps://dolia)lé%/9140.}11007é511%626631-916-5869-5( The author gratefully acknowledges the SllppOI't of
e H ,A ALK , M. L, Klos, P. Z., Link, T., McN ,]. P, Raj , S, , R, & Steele, C. M. (2017). Rai : H i , tions, iction, .H Eart t ' ) , 1-22. https: i. . -21-1- : . .
* Apparent product discrepancies arise not only from physical inconsistencies but also from methodological treatment. Hence, the two must be . Haring, L 5. & AghaKouchak, A, (2030), Global snow drought hot spots and characteristics. Proceedings of tha National Academy of Seences, 117(33), 19753-19755. hitps./,/doiorg) 10.1073,pnae 1918021117 oo oo 2L pi//doLorg/10.5194/hess Prof. Dr. Peter Molnar and Dr. Beatrice Marti for their
dlsentangled befo re any performance ]udgment 1S made_ e Nkiaka, E., Bryant, R. G, Ntajal, ], & Biao, E. I. (2022). Evaluating the accuracy of gridded water resources reanalysis and evapotranspiration products for assessing water security in poorly gauged basins. Hydrology and Earth System Sciences, 26(22), 5899-5916. https://doi.org/10.5194 /hess-26-5899- guidance and Supervision.
- . . . . . . . . 2022 . q-
e The framework can be further improved by spatlally adaptive SWE thresholds, allowmg threshold values to vary with elevation, climate or terrain e Qiao, D, Li, Z, Zeng, ], Liang, S.,, McColl, K. A, Bi, H,, Zhou, ], & Zhang, P. (2022). Uncertainty Characterization of Ground-Based, Satellite, and Reanalysis Snow Depth Products Using Extended Triple Collocation. Water Resources Research, 58(4), €2021WR030895. https://doi.org/10.1029/2021WR030895 We acknowledge Dr. Abror Gafurov for providing
. . . . . . . . e . e Qin, Y, Abatzoglou, J. T, Siebert, S., Huning, L. S., AghaKouchak, A., Mankin, J. S.,, Hong, C., Tong, D., Davis, S. ]., & Mueller, N. D. (2020). Agricultural risks from changing snowmelt. Nature Climate Change, 10(5), 459-465. https://doi.org/10.1038/s41558-020-0746-8 access to the MODSNOW dataset and for the
@? lnStead Of USIHg d Slngle unlfOI‘m Value. InCOI‘pOI‘atlng 1n situ Observatlons, even lf llmlted, WOUld further Stl‘engthen the framework by enabllng o ;/l\éicede/r,/gv. R, K}eil(r)lic(l));;)/, Lehnzezr,of;,gl\ggisleglman, K. N.,, Rodgers, K. B,, Rosenbloom, N., Simpson, I. R., & Yamaguchi, R. (2022). Pervasive alterations to snow-dominated ecosystem functions under climate change. Proceedings of the National Academy of Sciences, 119(30), e2202393119. development of the MODSNOW tool. Additional thanks
. . . . . . . . . . . . S: oi.or . nas. '
validation against ground-based reality (For this project, MODSNOW provides a validated reference (~93-949% accuracy) against in situ observations). « WU, G, Chen, ] Shi, X. Kim, J.,Xia, ], & Zhang, L. (2022). Impacts of Global Climate Warming on Meteorological and Hydrological Droughts and Their Propagations. Earth's Future, 10(3), e2021EF002542. https://doi.org/10.1029/2021EF002542 to hydrosolutions GmbH for technical support.




	EGU26-13824
	A Methodological Framework for Harmonized Comparison of Model-Based and Satellite-Derived Snow Cover Products in Data-Sparse Mountain Regions of Kyrgyzstan
	Jumana Akhter1, Beatrice Marti2, Peter Molnar1, Joel Caduff-Fiddes3,4 and Silvan Ragettli2  1Civil, Environmental and Geomatic Engineering, ETH Zurich, Switzerland, 2Hydrosolutions GmbH, Zurich, Switzerland 3WSL Institute for Snow and Avalanche Research SLF, Davos, Switzerland, 4mountainfutures GmbH, Switzerland
	Abstract QR

	MOTIVATION
	OBJECTIVES & POSTER SCOPE
	Snow Products

	METHODOLOGICAL FRAMEWORK
	Study Area Selection
	Data Harmonization
	Evaluation Metrics Suite

	INSIGHTS & TRANSFERABILITY
	METHODOLOGICAL FRAMEWORK
	REFERENCES
	ACKNOWLEDGEMENTS



