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Elevation dependent warming  and dynamics of snow cover area in Karnali
River basin (2003-2019)

Background

Snow cover area (SCA) and snow line altitude (SLA) are sensitive indicators of regional climate variability. Here we
studied the evolution and trend of snow cover area and snow line altitude with elevation dependent warming in
Karnali River basin (KRB), Western Nepal which extends geographically from 28.32 - 30.45°N to 80.5 - 83.68°E
covering a total area of 49,468 km2 (Figure 1). Water resources development activities in KRB are expected to
accelerate in future given the country’s focus on harnessing hydropower energy. Hence it is of great importance to
study how fresh water resources evolve with climate variability and elevation dependent warming in the KRB. Past
studies have shown that increasing warming trends at higher elevation not only decreases the snow cover extent
thus increasing the snow line altitude (SLE) but also further amplifies the warming in high elevation areas as a result
of negative feedback resulting from decreased snow cover extent and reduced albedo.

Figure 1: Karnali River basin (KRB)

The aim of this particular study is to report how elevation dependent warming is impacting the dynamics of snow
cover area (SCA) and snow line altitude (SLA) in KRB using improved Moderate Resolution Imaging Spectroradiometer
(MODIS; 500 m) and observed air temperature data (maximum, minimum, mean, and diurnal temperature range
(DTR) from meteorological stations located along different elevation bands in KRB.

Data and methods

Daily Tmin air and Tmax air data series from 11 meteorological stations covering a period of 37 years (1979-2016) are
used for studying elevation dependent warming in KRB. Only stations with missing data less than 15 % is considered
in this study. Missing values in air temperatures were not filled to avoid biases in assessing the trends (Salerno et al.,
2015). The dynamics of maximum SCA and SLA are derived from improved daily MODIS imageries (2003-2019). The
SLA was assessed in the post-monsoon season to avoid cloud cover bias. The widely adopted non-parametric Mann-
Kendall (MK) test (Kendall, 1975) which is less sensitive to extreme sample values has been used to test the
alternative hypothesis that the data follow a monotonic trend. The Sen’s slope (SS) proposed by Sen (1968) has been
used for the quantification of the potential linear trends detected by the MK (e.g. Salerno et al., 2015).
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Dynamics of maximum SCA and SLA

Objective

Figure 2 a) and 2 b) show the maximum SCA and SLA in KRB for the period 2003 -2019. The inter-annual variation of
SCA with an overall negative decreasing trend of approx. -282 km2 annually and upward shift in SLA by ~ 51 m yr-1 is
observed for KRB.

Figure 2: Max. SCA (%)



Way forward
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The trend analyses showed significant increasing trend in Tmax, Tmean, and diurnal temperature range (DTR) at p <
0.001 to p < 0.05 over the last four decades (1979–2016) for maximum stations used in the study until 2744 m a.s.l
Although air temperatures and precipitation combinedly result in high variability in SCA and SLA; the role of air
temperature is critical in maintaining SCA and SLA throughout the year in high mountain areas. Further a decrease in SCA
in each elevation band was also found which can be linked to the significant elevation dependent warming in the KRB.

Table 1. Descriptive information of the temperature stations considered and trend analysis of Tmin, Tmax, Tmean,
and DTR (stations with less than 20 % data gap) located in and close proximity of KRB. *p-value< 0.05, ** p-value <
0.01, *** p-value < 0.001, no asterisk = not significant at p < 0.05, where*, ** and *** values show significant
increase or decrease at 5%, 1% and 0.1 % significant level. Color code: positive (shades in red) and negative (shades
in blue).

Analysis of air temperature trends

As the available stations in KRB are located below 3000 m asl, further analyses using gridded air temperature in order to
get the true picture of how elevation dependent warming is actually affecting the dynamics of maximum SCA in KRB
need to be done.

Figure 2a) Maximum SCA and Figure 2b) SLA trend in KRB

Figure 3b: Maximum SCAFigure 3a: SLA trend in KRB
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