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Received in revised form: | Lif€ in Iran and Iranian civilization depend on mountain snow reservoirs. Knowing about the

5 April 2025 status and changes of these snow reservoirs is a need that does not require a conversation. With
Accepted: the global warming and the destruction of these snow reservoirs, the Iranian civilization is going
14 April 2025 to shut down. Remote sensing is a cheap and fast way to achieve this knowledge. However, snow
glﬁ;irsc?]egogglinei detection algorithms erroneously report snow-like features that have similar spectral

characteristics to snow (such as salt pans) as snow (commission error). In Iran, due to the
abundance of bright surfaces (salt flats, reservoirs, the bed of ancient lakes, etc.), frequency of
commission error is very high. In this research, about 21 years of data of the Normalized
Difference Snow Index (NDSI) of MODIS Aqua and Terra were used in order to remove the
commission error. A principal component analysis was performed on the array of daily long-term

Keywords: mean NDSI of 23,960 pixels from snow reservoirs and snow-like surfaces with dimensions of
Commission error, 23,960 x 365. This study showed that the seasonality of snow cover in Iran, in contrast to the
Omission error, continuous brightness of snow-like surfaces throughout the year, can make a basis for removing
Snow cover, commission error. On the snow reservoirs, the NDSI is great only during the snow season, i.e. the
MODIS, cold period of the year, but on the snow-like areas, NDSI is great throughout the year. This feature

Iran.

is so prominent that the first principal component distinguished these two areas from each other.

@ @ @ © the Author(s). Publisher: University of Sistan and Baluchestan

BY NC

1. Introduction

In countries like Iran with limited and scattered water resources, snow cover plays a vital role as one of the
primary sources feeding rivers and Qanat. Given the confirmed consequences of global warming in various
studies (e.g., Harvey, 2018; Masoodian, 2005), reduced snow cover could have severe impacts on natural
ecosystems like Zagros oak forests (Yaghmaei et al, , 2021) and increase flood risks in urban areas (Masoodian,
2023). Under these circumstances, accurate and continuous monitoring of snow cover becomes particularly
crucial. However, the scarcity of ground stations, especially in remote mountainous areas, makes remote
sensing data a practical solution for monitoring snow-covered areas.

In remote sensing, the Normalized Difference Snow Index (NDSI), calculated based on reflectance differences
in the visible (555 nm) and shortwave infrared (1640 nm) bands, serves as the foundation for snow cover
identification. Yet this index suffers from significant limitations, most notably the misidentification of snow-
like phenomena (such as salt flats, shallow lakes, and sand dunes) as actual snow (commission error). This
issue is particularly important in Iran, which contains numerous salt flats and shallow water bodies. Previous
studies like Ebadi et al, (2021) and Fayyaz et al, (2015) have attempted to reduce this error through improved
algorithms, but the need for an automated solution remains.
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2. Materials and Methods

This study utilized MODIS NDSI data (Product MxD10A1 Version 6.1) with 500m spatial and daily temporal
resolution over a 21-year period (2002-2023). To mitigate cloud-effect - a major obstacle in snow monitoring -
three filters were applied: 1) A spatial filter replacing cloudy pixels with the average of snow-covered
neighbors; 2) A Terra-Aqua fusion filter combining data from both sensors; and 3) A temporal filter to fill gaps
in time series caused by cloud cover.

For snow commission error analysis, two distinct pixel groups were selected: Group 1 (high-error probability)
included pixels below 1700m elevation with >40 snow-covered days/year, while Group 2 (low-error)
comprised pixels above 2500m with >90 snow-covered days/year. In total, 23,960 pixels were analyzed.
Principal Component Analysis (PCA) was then employed to examine temporal NDSI patterns across these
pixels.

3. Results and Discussion

The results revealed numerous areas in lran being misclassified as snow-covered. Key misidentified areas
included Gavkhouni Wetland, Kheyrabad Salt Plain, Bakhtegan and Tashk Lakes, Maharloo Lake, Harabarjan
Salt Lake, Kaji Salt Lake, Mighan Wetland, Qom Salt Lake, and various dam reservoirs like Zayandehroud,
Kazemi, and Mahabad. For instance, MODIS sensors reported over 250 snow-covered days/year at Gavkhouni
Wetland, clearly indicating identification errors.

PCA demonstrated markedly different seasonal NDSI patterns between true snowpacks and snow-like surfaces.
Mountainous snowpacks like Zardkuh showed distinct seasonal variation, peaking in winter (up to 60%) and
reaching near-zero in summer. In contrast, snow-like areas like Gavkhouni maintained consistently high NDSI
values (20-60%) year-round, never dropping to zero. Interestingly, NDSI values in these areas decreased during
wet seasons (autumn/winter), likely due to surface wetness reducing reflectance.

The first PCA component, explaining about 50% of variance, effectively distinguished these patterns.
Snowpacks showed negative component scores while snow-like areas scored positively. The eigenvector
revealed that during cold seasons, snowpacks exhibited above-average NDSI values while snow-like areas
showed below-average values - a pattern that reversed in warm seasons. These findings confirm that seasonal
pattern differences can effectively separate true snow from snow-like phenomena.

Compared to previous methods, this approach offers several advantages: 1) Requires only two spectral bands
(green and SWIR); 2) Needs no supplementary data like land surface temperature; and 3) Can operate
automatically. However, a key limitation remains: when real snow accumulates on snow-like surfaces (e.g., salt
flats), it may be erroneously filtered out. Future studies should therefore integrate this method with other
algorithms like that proposed by Ebadi et al, (2021).

4. Conclusion

This study demonstrated that long-term temporal analysis of NDSI can effectively identify and correct snow
misclassification errors in MODIS data. The proposed PCA-based method provides a cost-effective, automated
solution. Given snow cover's importance for water resource management and climate change studies, this
method could significantly improve remote sensing-based estimates. Future research should develop hybrid
algorithms that simultaneously reduce both commission and omission errors.

Keywords: Commission error, Omission error, Snow cover, MODIS, Iran.
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