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Objectives and Expected Results L

Goal: a novel, holistic understanding of the changing cryosphere and hydrosphere of HMA through model developments anc

an increasing amount of high resolution satellite observations.

Approach: Modelling blue, green and white water fluxes using very diverse spaceborne observations

Deliverables:

i. high-resolution land surface patterns and changes across HMA in key catchments;

ii. demonstration and first applications of a method to invert meteorological biases from Earth Observation data;

iii. catchment scale estimates of glacier melt, mass balance and snow cover, and their spatial and temporal variability;

iv. hyper resolution simulations of blue and green water fluxes at the 10 study sites for historic and future periods;
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WP1: Satellite
observations of water
tower processes
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Bias of incoming shortwave (W m™?)

WP2: Inversion of climate
reanalysis biases from
WP1 data and physical
modelling

Coarse meteorology
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Determining bias
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High resolution meteorology
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WP3: Hyper-resolution
ecohydrological modelling
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IMMERSE (ID. 95462) Study Sites

New focus on Pamir
region:

- complex processes,
moderate uncertainty

- extend new baseline
data (PAMIR project)

- create evidence base
for Pamir-Karakoram

Anomaly Elevation [m a.s.l.]
E -
H 1'000 7’000
- nearly all sites
H ¥ Dragon6 Study sites: 1. Abramov 4. Zulmart 7. Satopanth 10. Trakarding-Trambau 13. Parlung 24K
plan ned pI'EVIOUS|y ] 2. Kyzylsu 5. G457 8. Rikha Samba 11. Mugaganggiong 14. Parlung 4
- Glaciers 3. Sangvor 6. Mustagh Ata 9. Langtang 12. Western Nyaingentangla

visited by project team
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Ecohydrological modelling

Hype r'reSOI utiOn mOdel I i ng Jouberton et al. In review

2000 - 2018 2018 - 2023

B ‘

Tethys-Chloris model forced with bias- ET
corrected reanalysis data (ERA5-Land)

ET

Vegetation Grid Cell Glacier Grid Cell Sublimation Sublimation
Leaf Age 5 :
Phot: th
Drﬁjughtand (1)Le:\’!es-/ R——
cold stress e GPP —» NPP
(7) Standing ﬁ %
dead-leaves 4 (5) Fruits { Growhand Snowmelt | 1 Snowmelt
.. and Flower maintenance
,/ (2) Living i ., respiration
sapwood
Tissue turnover
L4 )
.(4) Carbonf\ydrate . | |
" reserves ; lcemelt | 1 lcemelt

Example of land-surface model results in western HMA

e Evapotranspiration becomes the dominant water
phase change process in more areas in recent years

Vertical
subsurf. g’ --------

...... S e Sublimation is the dominant ablation process at
Dtow highest elevations




Reanalysis bias correction

Challenge:reanalysis data has

Reference data

ERA5-Land
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Glacier albedo and flow

> Updated maps of glacier surface velocity in
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Annual mean centerline glacier velocity (blue line) versus glacier thickness
(red line) versus slope (green line): (a) Yanong Glacier (b) Parlung No.4
Glacier (c) Azha and (d) Xueyougu Glacier

(Zhang et al. 2021)
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Study site: Sangvor, Tajikistan

Glacier (RGI6.0)
4% |Pléiades [ISPOTS5 (Sep2006)
'DSPOT6/7 SPOT5 (Aug2003)
3 \: ; \\ . |
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1. Surge event between 2006 and 20147
10 km 2. Huge elevation gain between 2014 and
20197

3. Glaciersis decreasing rapldly smce 20197
2019 2024 Year

Elevation change [m/a]
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Mean annual glacier velocity in the Parlung Zangbo
Basin during 2013-2022

(Zhang et al. 2021)
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Mean annual glacier velocity in the Parlung
Zangbo Basin during 2013-2022
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Optimal time intervals for optical image'cros relatiorrer @esa
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» Study area: Yanong Glacier in the southeastern Tibetan Plateau
» Data: Sentinel-2 MSI Products; Method: COSI-Corr
» The appropriate time interval: 45 and 120 days

v" Short time interval: the displacement is too small to be detected

v' Long time interval: lose the correlation (the surface morphology of glaciers changes)
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(Chen et.al., 2025 manuscript)



Glacier elevation changes vs. mass’balance

Continuity equation dH Fortambek Glacier,
_usable forlocal or SMB —V xq Pamir
regional datasets dt

N\

!

Elevation change Surface velocity
Hugonnet et al (2021) Millan et al (2022)
2015-2019 2017-2018




Time series of glacier albedo

Surface albedo reveals heterogenous glacier changes
annually, seasonally, altitudinally

Mean _ Trend
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Glacier albedo in 2001-2020 in High Mountain Asia (MODIS; Landsat-5/7/8/9, Sentinel-2)
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Spatio-temporal coverage of alil-sf;ky-'élbedo

... a) DEM

b) Slope
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» Spatial coverage much better than MCD3A3

» Correct association with landforms of retrievals below cloudy pixels
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Overview of Chinese YSs research

esa

2 THE EUROPEAN SPACE AGENCY

Estimation of hourly precipitation with HIMAWARI data

13:00 UTC on July 8, 2018
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Hourly precipitation at 13:00 UTC (left
panel) and 14:00 UTC (right panel) on July
8, 2019:

(al, a2) D-PRA Estimates;

(b1, b2) Rain Gauge Observations;

(c1, c2) GSMaP_NOW Estimates;

(d1, d2) Fixed-variables Estimates.

(Cui et al, 2025 IEEE TGRS under review)



Temporal and spatial variability 'of’snow cover’

Jouberton et al. in review

0.3

How is snow changing seasonally _ Landsat & Seniner2_ _simuiated
and long-term? e I )

10.1

1-0.1

Snow persistence anomaly [-]

-0.2

-0.3

sentinel-2, 10-Jun-2023, RGB

Snowfree  Snow covered e Multi-temporal snow cover maps allow to detect

e Combining surface albedo and NDSI to map changes in snow persistence

snow cover at high elevations
e Remotely sensed snow cover changes can

e Applied to multiple satellite surface reflectance confirm similar changes derived from model

products (Landsat-5/7/8/9, Sentinel-2) simulations



Precipitation Phase Discrimination in

[ J
Introduction
100

a0

~ 80
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3 70
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— Trh_methOd
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401 Freezing Point
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0.0 25
Temperature (%)
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static_thre: fixed threshold = 0.6°C.
Ding2014: Ding et al., 2014. Dai2008: Dai,
2008.Trh_method: Harder & Pomeroy, 2013.

For Precipitation Phase Discrimination,
accuracy of conventional methods
commonly drops below 90% between —
7°C and 10°C, especially near 1°C, even
for best-prefroming Ding2014.
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b i
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Data & Method Considering sub-freezing rainfall events
Abnormal Standard:
Daily Surface Climate T (rain) T (snow) > 8°C;
Variables of China T (sleet) < -1.6°C OR T,(sleet) > 9.6°C

Objective:
Constructing ML decision-tree or
network from geo & meteorological info to

precipitation phase

U

Pre-processing

{& Quality Control]

Divided into 4 regions based on

elevation, January.1,, annual prec input: longitude, latitude, altitude (geo) | rain
wind, Ta, Relative humidty, pressure, 9

’ precipitation amount(meteo); o | Sleet

“° Tw, Td(calculated) o

. Five ML methods are explored:
SVM (Support Vector Machines) ;

30

Latitude (°)

20

e A-Train
o A-Test
= B-Train
o B-Test

10

70 80 90.
[n each region;:

s C-Train
a C-Test
» D-Train
sz D-Test

100

 Fiy

15%

120

Q

fstations

are randomlv used as test set

RF (Random Forest) ;

CatBoost (a gradient boosting algorithm) ;
MLP (Multilayer Perceptron) ;

CNN (Convolutional Neural Network)



Vapour flux and its components
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Water flux VS. DEM in TP

« Total vaour flux decreases with increasing elevation (rate = 146mm/km), similar as transpiration
(rate = 114mm/km)
Vapour flux components by ETMonitor Vapour flux components vs. elevation
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Ecohydrological modelling

e Sublimation

removes 15%, 13%
and 6% ofsnowfall

e Evapotranspiration

removes 76%, 28%
and 19%oframfall

Fugger et al. 2024, ERL
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Step 1: Statistical downscaling

—
|ERA5-Land (coarse)

1000 pre-defining
biases (Ta, Pr, Sin)
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Optimized meteorology
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Step 2: Monte Carlo simulations

Bias-corrected
Meteorology

Guesses

Downscaling

Constrain

Physical modeling

(Tethys & Chloris)

Targets
(Remote Sensing)

e

Concept:

Statistical downscale
Monte Carlo model
simulations

Bayesian inference against
satellite albedo and mass
balance

Evaluation agamst local
measurements
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Results

@ Glacier mass changes since 1970
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@ Projected snowfall by 2100, per elevation band
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@ Projected runoff until 2100
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Concluding remarks

» Understanding the terrestrial water cycle in high elevation catchments is inherently
multi-phase: water phases must be discriminated in water inflow, outflow and stocks

» Retrievals of glacier velocity and elevation changes in combination with surface albedo
are the key to a better understanding of such processes

» Arrich suite of spaceborne data is being exploited for this purpose

» First results confirm the feasibility of the approach to correct meteorological forcing
data by inverse modelling of key properties of glacierized catchments

» Process models are being applied to assess response of the terrestrial water cycle in

high elevation catchments to projected climate
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Data access (list all missions and issues if any). NB. in the tables please insert cumulative figures (since June 2024) for no. of scenes
of high bit rate data (e.g. S1 100 scenes). If data delivery is low bit rate by ftp, insert “ftp”

ESA Third Party Missions

ESA /Copernicus Missions Chinese EO data

1. Landsat5, 7,8 and 9 2000

1. Sentinel-1 200 1. GF-1 WFV 48
2. PlanetScope 200

2. Sentinel-2 3000 2. GF-6 WFV 3
3. SPOT 6/7 mono 6000 km2

3. 3. SDGSAT-1 10

4. 4.SPOT 6/7 tri-stereo ISl 4.

5. 5. Pleiades bi-stereo 10000 km2 5.

6. 6. 6.

Total: 3200 Total: 2200 + 17500 Total: 61

km2

Issues: Issues:

Issues:

_have not seen data access specifications from ESAs

_note: all data listed above have been accessed
through other projects; this does not include the
Dragon-6 allocation
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mm Poster title Contribution including period of research

Achille ISTA ID 238 Modeling the water Analysis of snow cover variations and vegetation phenology

Jouberton balance of selected glacierized from EO data (WP1); Forward modelling of glacierized
catchments in High Mountain catchments using hyper resolution ecohydrological model
Asia from 1970 to 2100 (WP3); 2024-present

Haruki ISTA ID 237 Quantifying Glacier Mass  Analysis of stereo satellite data for DEM and orthoimage

Hagiwara Change in the Western Pamirs production and glacier thickness change measurement

(2003-2024): Insights from High- (WP1); 2024-present
Resolution DEM Time Series

Shaoting ISTA ID 236 Recent Response Of Pamir Analysis of multispectral satellite data for determination of
Ren Glaciers To Intensified Global albedo and surface temperature variability (WP1); Inverse
Warming modelling with hyper-resolution model to infer climate
reanalysis biases (WP2); 2024-present
Stefan ISTA Not attending. Completed Analysis of vegetation phenology from EO data (WP1);
Fugger employment. Forward modelling of glacierized catchments using hyper

resolution ecohydrological model (WP3); 2024

Juan Melo ISTA Not attending. Forward modelling of glacierized catchments using hyper
Velasco resolution ecohydrological model (WP3); 2024-present
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research
Jiu CHEN AIR - CAS 158 Estimate Accurate Glacier Flow  Development of methods; data
Velocity with Appropriate Temporal  processing and analysis; 2024 - 2025
Baseline
Mengyuan CUI AIR - CAS Hourly precipitation China / highlight Development of methods; data
Tibet processing and analysis; 2024 - 2025
Wangkan SHE Tsinghua University Machine Learning-Based Methods Development of methods; data
for Precipitation Phase processing and analysis; 2024 - 2025

Discrimination in China
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Monitoring seasonal accumulation in high-elevation catchments

Haruki Hagiwara
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Method

Compare surface Digital Elevation
Models (DEMs) by high-resolution
Pléiades stereo satellite imagery

Pléiades (CNES,

AIRBUS)

* 0.5mresolution

e < 1m vertical
precision

Elevation change
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Method

Compare surface Digital Elevation
Models (DEMs) by high-resolution
Pléiades stereo satellite imagery

Pléiades (CNES,
AIRBUS)
* 0.5mresolution

o < i ‘ N H
1 m V.ertlcal 2m resolution 2m resolution 30m resolution
precision (Pléiades) (Pléiades) (ASTER)

* Assess the mass balance by satellites
* Disentangle interannual mass balance changes
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Study site: Sangvor, Tajikistan

Glacier (RGI6.0)
4% |Pléiades [ISPOTS5 (Sep2006)
'DSPOT6/7 SPOT5 (Aug2003)
3 \: ; \\ . |

5

1. Surge event between 2006 and 20147
10 km 2. Huge elevation gain between 2014 and
20197

3. Glaciersis decreasing rapldly smce 20197
2019 2024 Year

Elevation change [m/a]

Mean dh/dt =0.2 mla

Mean dh/dt: +O 2 + O 10 [m/a] Mean dh/dt: 0 52+ O 18 [m/a] Mean dh/dt O 45+ O 29 [m/a]
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Glacier meteorology inference

Shaoting Ren



Challenge: Difficult to obtain glacier meteorology

Climate
reanalysis

Meteorology (Ta/Pr/Sin)

Study sites

448"N
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N ') o

@ Multipoints for modeling
I Glacier outline
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gNos_
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Step 1: Statistical downscaling

—
|ERA5-Land (coarse)

1000 pre-defining
biases (Ta, Pr, Sin)

| A
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e
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Optimized meteorology

Bias-
correction

s

Ta/Pr/Sin

Ta/Pr/Sin

Optimized

Step 2: Monte Carlo simulations

Bias-corrected
Meteorology

Guesses

Downscaling

Constrain

Physical modeling

(Tethys & Chloris)

Targets
(Remote Sensing)

e

Concept:

Statistical downscale
Monte Carlo model
simulations

Bayesian inference against
satellite albedo and mass
balance

Evaluation agamst local
measurements



Incoming shortwave radiation
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IMMERSE (ID. 95462) WP2: Glacier meteorology inference

Spatial pattern of inferred glacier meteorology
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Glacier and runoff changes in glacierized catchments

Achille Jouberton
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Study sites
Parlung No.4, China
e [ ag™ [ ]
O
K :

L A mn =
; 28
! ?“E‘?h ‘%:‘ gkc:%‘ L% ;
“‘k:('@‘ G g @'- o =

Miles etal. (2021) Wil Pl

* Three benchmark catchments, with areas of 100 and 200 km?, spanning
elevations ranging from 2000 to 6500 m a.s.l.

* 3to 10 years of hydro-meteorological measurement time series.
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FUtu re prOjeCtionS CMIP6-projection of Ta at KYZ AWS
anomaly to hisorical avg. (1985-2014)

0 b historical

* GCMs (General Circulation Models) =

from CMIP6. SSP3-7.0

61 —— sspP5-8.5
« Select ~5from 20 models available 20
° 4 -
» Spatialresolution : ~100 to 200km '_:é: o
2 2-
* Temporalresolution: usually daily s
0_

Statistical downscaling

T T T L I . . .. . . P .
1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

* Empirical quantile mapping

* Disaggregated from daily to hourly using Melodist
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Results
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Estimate Accurate Glacier Flow Velocity with Appropriate Temporal
Baseline

Jiu Chen



Optimal time intervals for optical image'cros relatiorrer @esa
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» Study area: Yanong Glacier in the southeastern Tibetan Plateau
» Data: Sentinel-2 MSI Products; Method: COSI-Corr
» The appropriate time interval: 45 and 120 days

v" Short time interval: the displacement is too small to be detected

v' Long time interval: lose the correlation (the surface morphology of glaciers changes)

! 20221017 - 20221022 (Time interval: 5 days) - 2022101?_’ - 2(_)2_21101 (Time inte_rval: 15 day_rs) 20221017 - 20221111 (Time interval: 25 days) - ime i . 2022101? 20221201 [Tlme (nte

45 days) 20221017 - 20230105 (Time interval: 80 days)
3 7 a 3 ._ 7 rm T T 5 o SR PALE e T P \-u, T T [[TRE TR P T e Ei B 0w T TR

._J’l‘
P
s P
] 40 1 14 o 0 w 60 B0 100 120 200 3500 20 0 60 B0 100 120 200 3500 20 a0 e B0 100 120 200 350
G!aner Dlsplal:ement [Pl):elf..l’]Om] Glac.ler Dlsplac,ament [Pl):els-"mm] G|,-||:|e|— D|sp|acamg|1| ‘ngh,l]ﬂm] Glacier flow Velocity (mfyr) Glacier flow Velocity (mfyr) Glacier flow Velocity {m/yr)
20221017 - 20221201 (Time interval: 45 days) 20221017 - 20221216 {Tima |ntar\ra| 60 days} - 2922_‘!01_7 - 20230105 (Time interval: 80 days) 20221017 - 20230331 (Time interval: 165 days) 20221017 - 20230729 (Time interval: 285 days) 20221017 - 20231017 (Time interval: 365 days)
LA o

::——:——_. !.:_:__'—-___. !_:R__—___. oo E—
0 1 3 9 140 9 140 1

G!auer Displacement [Pl):els.l’]Orn] ! Glacier DISD|RI:B:18I’\[ [F'l):e[s"]Orn] G|REI8;‘ Dlﬁplaca::'»enl {Pi xelv!DmJ ’ H C' II:G -"J Clac(far |I;:mll f."beﬁlo_cﬂ;{:;rg;'yr} li'\lm w0 E I.E‘-' “ Clacaar flow \."eIDr_dy {mPyr} 1‘;:'" 0 3535‘- I ® “ Glac(}»aer flow Vabatyll'::.ﬁ«} 1}0 ptl
The glacier displacements The glacier flow velocities
(Using image pairs with different time intervals and (Using image pairs with different time intervals and

the COSI-Corr method) the COSI-Corr method)

(Chen et.al., 2025 manuscript)
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. . . . . Chen et.al., 2025 manuscript
»  Selectimage pairs with a time interval between 45 and 60 days ( Py

»  The date of the time series: the middle date of image pairs
>  Outliers with low correlation values: Snow cover (Case 1); Cloud cover (Case 2)
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Outliers in the glacier flow velocity time series with low correlation values
Time series of glacier flow velocities and their correlation values at Position A (a) and B (b);
Sentinel-2 NIR map of Yanong glacier, on October 2, 2021 (c), December 1st, 2021 (d), August 2, 2024 (e) and September 21, 2024 (f) respectively
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96°32'E 96°40'E 96°48'E 96°32'E 96°40'E 96°48'E
96°30'E 96°35'E 96°40'E 96°45'E
- ° ° Thickness(m) )N\ Elevation Change Rate(m/yr) )N\ ' ' '
e continuitv equation [ - — I
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/4 N
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SMB DEM Change ICe flux 0 2 4 8 ‘“;‘, 0 2 4 8 E Glacier Velocity Fk‘)w(mlyr)
Thickness DEM changes Flow velocity
(RGI6.0 Ice Thickness Model, 30m) (Based on ASTER L1A image and (Based on Sentinel-2 M3
MMSATER method, 30m) image and COSI-Corr)
2020-2024 1 2"‘/1 2020-2024 '
» The ratio of Ice Flux Divergence to Surface Mass ‘ . | W )
Balance is comparable (Ice Flux Divergence MUST A %‘) ‘,‘d‘"'- : ;
. AT T .
be taken into account) g A :\3” ’,? , \ 75
H 1 - . 5.0 .\.G??’Q .‘:. O -10
» Glacial movement is a key factor that cannot be | (LA
. ! e V-q(m/yr) % . SMB(mar) Lty
ignored in the estimation of mass balance T
Ice Flux Divergence Surface Mass Balance

(Chen et.al., 2025 manuscript)
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Estimation of hourly precipitation with HIMAWARI data

Mengyuan Cui
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Adaptive Data Window : - . Adaptive Data Window
|:".|'2 335 hours bﬁl‘nre 1urgnt haur) im0 :JEE '.|'2I.'l Imurs b-a-hrn tnrgn-l.' hnur]

[ 1 [ ]
LI []
"
[ e —— i A — ] — —
. am 50
m llr:r aln Gauge im " Fnary vations
. : Ohersvations HER- pheric Profile ohm-uwm —
] : u - :
173 \"'Irl ables 1/ 0 value H : . ! 173 variables Precipitation 1
1 for rain, O Bor sonenin | g L r A 1 at precipitation stations
' o ) HE
e [
4 My s " g [} } []
-
HE -
" L]
4 : 2. Construction of
L] -
,‘+ q

1. Construction of = '/ ' ﬁj
model to identify : . O] [ e . S, : precipitation intensity
prECIPItatlon areas : :' " Variable m-:tlun T | D T T e st T 1 - retrieval model

H ' q

tT! 335 hours bel'ure !ar\ga! hnur] ' - = IJEE TZI?I hﬂurs bﬁhrn  target | hnurj ! .

- casmamsasd n e ceenened 1
15 variables . 110 value E s " 30 variables — P":":'F" tation .
o (medstimpn) T (Messmmer)  Gm e (Wodatimet) 1w

..I.".. .il.'.-..‘:-ji.';!r'..":r.;:...."i. I.I? IIIIIII HEEEEEEEN : :I I.:.I_..-PEF:.:I.;.I_.;’;I;:.:;I.:;I;!.-I.]IE
ieeertopnbom | 3 INURRSERCESN(§ ) [ peeactaten | D j...fmethoun ]

3- Delineate E: 15 variablns E E Model E’_i— Madel E : 30 variables E: 4 Retrieve the
B CTmmmsmssssssssseeees : llllllll L llllll ;'I' llllllllllllllllll oTTTTTTTmmTmmeme "

preci{);:z;t:tar] :Ll;t:as at I precipitation rate at

: D : target hour
\ é E E Precipitation E }
" = . In‘lnrlu.itjl .
l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1
| Precipitation Map at Target Hour |

(Cui et al, 2025 |[EEE TGRS under review)
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13:00 UTC on July 8, 2018
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Hourly precipitation at 13:00 UTC (left
panel) and 14:00 UTC (right panel) on July
8,2019:

(al, a2) D-PRA Estimates;

(b1, b2) Rain Gauge Observations;

(c1, ¢2) GSMaP_NOW Estimates;

(d1, d2) Fixed-variables Estimates.

(Cui et al, 2025 IEEE TGRS under review)
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Machine Learning-Based Methods for Precipitation Phase
Discrimination in China

Wangkan She



Applying ML in phase discrimination
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Input: longitude, latitude, altitude (geo) | rain

Accuracy of conventional wind, Ta, Relative humidty, pressure, 9

PPD meth .
D CMZ Oqs 5 _ precipitation amount(meteo), ¢ | sleet
ataset. Stations observation Tw, Td(calculated) oW
100/
Optimal INPUT parameter combinations used by each ML method
90/ —— ——
Method Optimal input parameter combinations
. 80" SVM lon, Iat, p,, RH, wind, amount, T, T, SVM (Support
& RF lon, lat, p, RH, amount, T, T, Vector Machines) ;
§ 707 CatBoost Ion, lat, p, RH, amount, T, T, MLP (Multilayer
S 60/ —— Ding20ta ‘ CNN lon, lat, T, p, wind, RH, amount, T, Perceptron) ;
< static_thre MLP Ion, Iat, T, p, wind, RH, amount, T, RF
| —— Dai2008
S0 Tr':_method Phase recognition ACCURACY of ML and Ding2014 for test set (Random Forest) ;
| Confusing Range Method 1 A B C D
401 Frebzing P letho _Quera]l A accuracy B accuracy C accuracy D accuracy CatBOOSt |
T _ — o ‘ =z Ding2014 ( 83.7% ) ( 78.6% 86.0% 84.7% 83.8% (grad1ent boost1ng
0D TS Y R ey SVM  854%  SI.8%  872%  859%  853% algorithm) ;
RF 86.0% 84.2% 87.3% 85.9% 85.3%
Drops below 90% between —7°C and ° ° ° ° ° CNN
CatBoost  86.7% 87.0% 87.6% 85.7% 85.4% (Convolutional

10°C, even for best-prefroming Ding2014. S76%  OW[%  873%  85.8%  85.4% Neural Network)
( 88.1% ) ( 91. 4% 883%  863%  853%
A: Tibetan Plateau, B: South C:Northwest; D: Northeast & North
e MLP achieved an overall test set e In 7ibetan Plateau, the accuracy
accuracy of 88./%, improving by reached 91.4%, an increasement of
4.4% over Ding2014. 12.8% compared to Ding2014.

static_thre: fixed threshold = 0.6°C.
Ding2014: Ding et al., 2014. Dai2008: Dai,
2008.Trh_method: Harder & Pomeroy, 2013.
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(c) Sleet Accuracy (d) Snow Accuracy (g) Ding2014 for Sleet (h) MLP for Sleet (i) diff_error for Sleet
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o o L o .
o MLP performed well in rainfall (especially frezzing rain) and @ 10 1w @ a0 1w @ a0 i
Lonaitude (°) Lonaitude (°) Lonaitude (°)

showed high sensitivity to sleet despite limited sample size. ® North-South Contrast; Improvemnt: eastern Tibetan Plateau &
southern China, where rainfall and sleet occur frequently.
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