Supplement of The Cryosphere, 20, 551-572, 2026
https://doi.org/10.5194/tc-20-551-2026-supplement
© Author(s) 2026. CC BY 4.0 License.

Supplement of

Dynamics of snow and glacier cover in the Upper
Karnali Basin, Nepal: an analysis of its relationship
with climatic and topographic parameters

Motilal Ghimire et al.

Correspondence to: Motilal Ghimire (motighimire @ gmail.com)

The copyright of individual parts of the supplement might differ from the article licence.



Supplementary Material

Sect. S1: Snow-cover data (Landsat)

Snow-cover mapping was generated using Landsat Surface Reflectance images from
Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI. For the period preceding the Scan
Line Corrector (SLC) failure, only Landsat 7 ETM+ images (2002—-2003) were used. For
subsequent years, Landsat 5 TM and Landsat 8 OLI images were used. Additionally,
Landsat sensors are susceptible to interference from clouds and shadows, particularly
during the monsoon season. These factors influenced the selection of scenes and

introduce uncertainty into the snow-cover measurements.
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Figure S1. Snow cover data derived from Landsat 7 and 8 for different periods. The data

shows the limitations and scope of Landsat 7 and 8 data.

Sect. S2: Validation and accuracy assessment

We evaluated the spatial agreement between Landsat and MODIS snow-cover products
using a multi-step validation approach following Rittger et al. (2020). First, we resampled
Landsat-derived snow-cover area (SCA) maps from a 30-meter resolution to 500 meters
using a majority-aggregation technique to align with the MODIS MOD10AZ2 grid. This
resampling enabled direct pixel-by-pixel comparison while maintaining the dominant
snow and non-snow classifications. During snow detection, we applied a Normalized
Difference Vegetation Index (NDVI) filter to minimize misclassification between snow
and vegetation in mixed or forested areas, consistent with Rittger et al. (2013). This
adjustment reduced false snow detections at lower elevations and enhanced consistency
with MODIS classifications.

From each resampled Landsat image (covering 185 x 180 km), we randomly selected
approximately 10% of the pixels (around 13,000) to represent the categories of snow,

non-snow, and cloud. These points were then overlaid onto the corresponding MODIS



MOD10A2 images, and pixel values were extracted to create a composite attribute table

for statistical analysis.

We evaluated classification accuracy using confusion matrices for six validation scenes
with low cloud cover (<7%), distributed across various topographic and climatic regions.
The results showed overall accuracies ranging from 77.5% to 94.9%, with Kappa
coefficients between 0.68 and 0.89, consistent with previous MODIS validation studies
(Tables S1 and S2; Hall and Riggs, 2007; Painter et al., 2009).

Sub-scene analyses revealed that MODIS systematically overestimated snow cover, with
snow-covered areas 1.3 to 1.6 times larger than those derived from Landsat. We attribute
this discrepancy to mixed-pixel effects and the coarser spatial resolution of MODIS
(Dozier et al., 2008; Gafurov and Bardossy, 2009) (Table S3). This bias corroborates
earlier findings that MODIS tends to overestimate snow extent in heterogeneous

mountainous terrain (Rittger et al., 2013; Tang et al., 2017).

Although the MODIS MOD10AZ2 product provides reliable basin-scale snow cover area
(SCA) estimates (Dietz et al., 2012), we interpreted trends—particularly those during the

monsoon season-with caution due to residual cloud effects and spatial averaging.

Table S1. Example confusion matrix comparing MODIS MOD10A2 snow classification
(500 m) with Landsat snow classification resampled from 30 m to 500 m. Values are

counts; accuracies are in percent.

MODIS Non- MODIS Snow | Total User’s

snow accuracy (%)
Landsat Non- | 8950 2472 11422 78.35
snow
Landsat Snow | 144 4744 4888 97.05
Total 9094 7216 16310
Producer’s 98.4 65.7
accuracy (%)

Overall accuracy = 83.97%.




Table S2. Landsat Surface Reflectance scenes used for validating MODIS MOD10A2
snow classification (500 m), including acquisition date (as in source metadata), cloud
cover percentage, overall accuracy (percent), and broad region of Nepal (MW = Mid-
West, FW = Far-West, E = East).

Date Cloud cover Overall Region of
% accuracy (%) Nepal
2020-03-08 6.52 83.96 MW
2021-03-27 4.45 94.89 MW
2021-03-02 5.2 86.21 FW
2021-12-31 2.36 77.59 FW
2021-04-23 6.9 97.62 E
2019-21-19 5.29 97.22 E

Table S3. Comparison of snow-covered area derived from MODIS MOD10A2 (500 m)
and Landsat (30 m) for selected scenes. Exaggeration factor is defined as (MODIS area)

/ (Landsat area).

Date of scene | Region Area (ha), Area (ha), Exaggeration
MODIS (500 Landsat (30 m) | factor
m)
2020-03-08 MW 571,950 432,200 1.32
2021-03-27 MW 171,425 120,860 1.42
2021-02-03 FW 118,400 73,418 1.61
2021-12-31 FW 301,075 183,355 1.64
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