
 

  

Journal of Institute of Science and Technology, 26(2), 99-109 (2021) 
ISSN: 2467-9062 (print), e-ISSN: 2467-9240 
https:doi.org/10.3126/jist.v26i2.41549 

© IOST, Tribhuvan University 
Research Article 

 

DOES THE HIGH ELEVATION CLIMATE ALONG MT. EVEREST CAN BE 
REPRESENTED BY LOWER ELEVATION STATIONS? 

 
Binod Dawadi1,2,*, Shankar Sharma1, Kalpana Hamal3,4, Nitesh Khadka4,5, Yam Prasad Dhital6, Shiva Kumar 

Mahato7 

1Central Department of Hydrology and Meteorology, Tribhuvan University, Kathmandu 
2Kathmandu Center for Research and Education, Chinese Academy of Sciences-Tribhuvan University, Kathmandu 44613, Nepal 

3International Centre for Climate and Environment Sciences, Institute of Atmospheric Physics, Chinese Academy of Sciences, P.O. Box 
9804, Beijing 100029, China 

4University of Chinese Academy of Sciences, Beijing 100049, China 
5Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, Chengdu 610041, China 

6School of water and architecture engineering, Shihezi University, Shihezi, China 
7Department of Meteorology, Trichandra Campus, Tribhuvan University, Kathmandu 

*Corresponding author: binod.dawadi@cdhm.tu.edu.np 
(Received: November 04, 2021; Revised: December 12, 2021; Accepted: December 14, 2021) 

 
ABSTRACT 

Climate change studies of the high mountain areas of the central Himalayan region are mostly represented by the 
meteorological stations of the lower elevation. Therefore, to validate the climatic linkages, daily observational climate 
data from five automated weather stations (AWS) at elevations ranging from 2660 m to 5600 m on the southern slope of 
Mt. Everest were examined. Despite variations in the means and distribution of daily, 5-day, 10-day, and monthly 
temperature and precipitation between stations located at a higher elevation and their corresponding lower elevation, 
temperature records in the different elevations are highly correlated. In contrast, the precipitation data shows a 
comparatively weaker correlation. The slopes of the regression model (0.82–1.13) with (R2>0.74) for higher altitude 
(5050 m and 5600 m) throughout the year, 0.83–1.12 (R2>0.68) except late monsoon season for the station at 4260 m 
and 5050 m asl indicated the similar variability of the temperature between those stations. Similarly, Namche (3570 m) 
temperature changes by 0.81–1.32°C per degree change in corresponding lower elevation Lukla station (2660 m), except 
for monsoon season. However, inconsistent variation was observed between the station with a large altitudinal 
difference (2940 m) at Lukla and Kala Patthar (5600 m). In general, climate records from corresponding lower elevation 
can be used to quantitatively assess climatic information of the high elevation areas on the southern slope of Mt. Everest. 
However, corrections are necessary when absolute values of climatic factors are considered, especially in snow cover and 
snow-free areas. This study will be beneficial for understanding the high-altitude climate change and impact studies. 
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INTRODUCTION 
The intrinsic characteristics of precipitation and 
temperature vary over space and time (Shrestha et al., 2000; 
Chalise  & Khanal, 2002). Within a short latitudinal 
difference, climate in high-elevation areas varies 
significantly from the nearby low-elevations areas (Sharma 
et al., 2021). Topographic-induced dynamic and 
thermodynamic processes can modify the synoptic 
weather systems and create regional-scale atmospheric 
circulation (Li et al., 2020; Wang et al., 2020). Such regimes 
generate a distinct wind system, cloudiness, and 
precipitation patterns and lead to a peculiar mountain 
climate (Shrestha et al., 2019b; Xu et al., 2019). However, 
temperature and precipitation variability at high altitudes 
are very limited compared to lower elevation areas. The 
remote location and difficulty in routine maintenance of 
automated weather stations (AWS) create complications 
for obtaining long-term climate measurements, especially 
at high elevations (Sabatini, 2017). Furthermore, the 
complex topographic nature coupled with unique 
mountain climate often needs area-specific measurements 

(Dawadi, 2017) because it may not represent true 
mountain climatology. 
 
The Himalayas and mountains represent ~80 % of the 
total area of Nepal. These mountains are the unique area 
for detecting climatic change and assessing climate-
induced impacts (Beniston, 2003; Khadka et al., 2018) . A 
wide range of altitudinal variations in the Himalayas and 
surrounding areas amplifies the climatic variation in the 
region (Liu & Chen, 2000; Thompson et al., 2000) . 
Therefore, local observations are required to determine 
the nature of climate variability at high elevation and 
identify the impact of climate change and their 
teleconnections with global climate change (Seidel  & Free, 
2003). The analysis of climate change's impact on the 
environment/glaciers/hydrology of the Himalayas is even 
more complicated due to the high variability in 
temperature and precipitation. Although reanalysis and 
satellite products also provide climatic records, in-situ 
gauge observation provides the true measurement of 
climatic variables at the earth's surface (Sun et al., 2018; 
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Hamal et al., 2020c). Department of Hydrology and 
Meteorology (DHM), the Government of Nepal 
maintains and distributes the climatic record in Nepal; 
however, these gauge observations are denser in southern 
lowlands and sparse in northern high-elevation areas 
(Sharma et al., 2020a) . The lack of observation in the 
Himalayan region creates large uncertainties in climate 
change projection and the climatic response on glaciers 
(Shea et al., 2015). Moreover, insufficient in situ 
measurements from the high altitudes of the Himalayas 
create a gap in our understanding of the precipitation and 
temperature pattern as well as the state of a glacier in the 
context of climate change(King et al., 2017; Thakuri et al., 
2019; Sharma et al., 2020b) . 
 
Several studies have recently examined the temperature 
and precipitation trend over the Himalayas and 
surrounding high altitude regions (Yue et al., 2019; Hamal 
et al., 2020a; Shrestha et al., 2021). Moreover, these studies 
indicate that the annual temperatures have generally 
increased in the region (Shrestha & Devkota, 2010; 
Shrestha & Aryal, 2011; Dibike et al., 2012; Kattel et al., 
2013; Thakuri et al., 2019), and experiencing higher 
increase rates of temperature than the global average (Li et 
al., 2011; Poudel et al., 2020). In the Himalayas, annual 
precipitation trends appear to be heterogeneous and 
relatively weak (Kansakar et al., 2004; Salerno et al., 2015; 
Karki et al., 2017; Shrestha et al., 2019a; Talchabhadel et al., 
2018; Hamal et al., 2020b). Besides, many studies have 
shown the dynamics of snow and retreat of Himalayan 
glaciers in the recent decades in response to change in 
temperature and precipitation (Yao et al., 2012; King et al., 
2017; Khadka et al., 2020b). Most of these studies are 
based on in-situ data directly or indirectly from the lower 
elevation (generally below 2600m asl.). Moreover, the 
temporal and spatial records of DHM meteorological 
observation at Himalayan areas are very scarce compared 
to other mountain regions, such as the European Alps 
(Shea et al., 2015) . In addition, most of the available 
observatories at a high-elevation area are located at valley 
bottoms (Ueno  & Aryal, 2008; Dawadi et al., 2013; Liang 
et al., 2015; Krishnan et al., 2019). Such sparse and 
irregular distributed meteorological stations across the 
country limit our understanding of high mountain 
climates(Bohner, 2006; Shea et al., 2015) . 
 
Climatology of the region varies based on space and time, 
especially over the complex mountain terrain. The climatic 
linkages between the different altitudes provide vital 
information; however, such information depends on the 
region's local climate and physiography (Dawadi et al., 
2020). Further, our knowledge about the possibilities of 
using low-elevation climatic data to represent high-
elevation climates is very limited. Furthermore, it is of 
growing concern that can the data from the 
meteorological stations at a lower elevation well represent 
the climatic scenarios of the high-elevation Himalayas or 

not? Thus, this study aims to answer whether the lower 
elevation station represents the climatology of the higher 
elevation station. More specifically, this study aims to 
analyze the climatic linkage along the altitudinal gradient 
of Central Himalaya, i.e., Mt. Everest region. To meet the 
objective, we have selected climatological records 
(temperature and precipitation) from five AWS stations 
ranging from 2650 m asl to 5600 m asl to analyze the 
climatic linkage. This study will be very important for 
understanding the linkage of lower and higher elevation 
climates, understanding high-elevation climatology. 
 
MATERIALS AND METHODS 
Study area and climatology 
The highest five observational stations from Lukla (2660 
m asl), Namche Bazar (3570 m asl), Pheriche (4260 m asl), 
Pyramid (5050 m asl), and Kala Patthar (5600 m asl) 
located along the elevational gradient of the Mt Everest 
are selected for the current study (Fig. 1). These five 
automatic weather stations (AWS) are selected based on 
two criteria, i.e., climatic stations above 2600 m, and the 
altitudinal difference between stations is higher than 550 
m. The study area hosts four world's highest mountain 
peaks: Mount Everest (Sagarmatha in Nepali, 8849 m), 
Cho You (8188 m), Makalu (8485 m), and Lhotse (8516 m) 
(Khadka et al., 2020a). The elevation, geographic location, 
mean temperature, and annual total rainfall of these five 
stations are presented in Table 1. 
 
The climate of the study region is characterized by distinct 
seasonality of both precipitation and temperature (Shea et 
al., 2015). Monthly variations of temperature and 
precipitation based on observation from 2003 to 2012 
showed that July is the month with the highest 
precipitation except in Pyramid (August) and the hottest 
except Namche Bazar (June) (Fig. 2). The annual average 
temperature ranges from 3.4°C to 14.4°C, -0.6°C to 
10.8°C, -6.9°C to 7.7°C, -7.9°C to 3.5°C, and -11.8°C to 
0.9°C, respectively for Lukla, Namche Bazar, Pheriche, 
Pyramid, and Kala Patthar. The annual precipitation 
decreases with an increase in elevation from 1612mm, 
1182 mm, 442 mm, 364 mm for Lukla, Namche Bazar, 
Pheriche, and Pyramid; however, precipitation in Kala 
Patthar is slightly higher (386 mm) than the Pyramid. This 
region receives the highest precipitation (~83%) during 
the monsoon season (June-September), while post-
monsoon (October-November) and pre-monsoon 
(March-May) seasons jointly contribute ~13.5% of annual 
precipitation. The winter (December-February) is the 
driest season, with around ~3.5 % of the total 
precipitation (Fig. 2).  
 
Data source and method 
Department of Hydrology and Meteorology (DHM), 
Government of Nepal (https://www.dhm.gov.np) 
operates, maintains, and distributes hydro-meteorological 
data of the observed stations across the country. However, 
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due to the logistics, technological difficulties, and routine 
maintenance of observation networks, especially in remote 
areas of high elevation, most stations are established 
below 2500 masl. Therefore, to understand the climatic 
linkage along the elevation gradient of Mt. Everest, we 
took advantage of the high-elevation stations from the 

SHARE project of Ev-K2-CNR, Italy. Verified and 
calibrated high-quality daily datasets from Lukla, Namche 
Bazar, Pheriche, Pyramid, and Kala Patthar were collected 
from Ev-K2-CNR, Italy (Table 1). These stations are 
jointly established and run by the Nepal Academy of 
Science and Technology (NAST) and Ev-K2-CNR, Italy.

 

 
 
Figure 1. Map of Nepal (inset) showing the location of automatic weather stations (AWS) in different elevations along the 

southern slope of Mt. Everest. 

 
Figure 2. Climatology in the selected five high-elevation meteorological stations. The bar graph and line plot represent the 

precipitation and temperature, respectively.  
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Table 1. Parameters and data for selected five high–elevation meteorological stations. 

S. N. Station Latitude Longitude Altitude (m) 
Average annual 

temperature (°C) 

Mean annual 
precipitation 

(mm) 

1 Lukla 27.695 86.723 2660 9.7 1612 

2 Namche Bazar 27.802 86.714 3570 5.4 1182 

3 Pheriche 27.895 86.818 4260 0.9 442 

4 Pyramid 27.959 86.813 5050 -2.2 364.8 

5 Kala Patthar 27.99 86.83 5600 -5.3 386 

 
 
The daily, 5-day, 10-day, and monthly records of 
temperature and precipitation from the AWSs at the 
different elevations were compared from January 2003 to 
December 2012 (2009–2012 for Kala Patthar). Their 
mean values were checked by paired sample t-tests, the 
data distributions by two-sample Kolmogorov–Smirnov 
tests, standard deviation, and Pearson's correlations were 
used to measure the strength of the relationships among 
the temperature/precipitation records. Regression 
analyses were performed on the daily mean temperature 
and daily precipitation on a monthly timescale to quantify 
the relationship of climatic records between low and high 
elevations. Following the study of Liang et al. (2014) and 
Dawadi (2017), the intercepts and slopes of the regression 
models, together with the correlation (R2) values, are used 
to evaluate the physical meanings and quality of the 
regression models. Further, regression analyses on the 5-
day, 10-day, and monthly mean temperature and total 
precipitation data were performed based on daily data. 
Further, data from the daily and 5-day average/sum of the 
temperature and precipitation were pulled out to analyze 
the climatic parameter's seasonal linkage between the 
different stations. 
 
RESULTS AND DISCUSSION 
The increasing precipitation is observed from January to 
July, whereas a gradual decreasing pattern is observed 
between August and December in all stations except 
Pyramid (Fig. 3a). The highest amount of precipitation is 
observed in August and the lowest in February for the 
Pyramid station (Fig. 2). Generally, annual precipitation is 
less in the higher elevation than the lower elevation; 
however, a comparison of monthly precipitation at 
Namche Bazar showed a higher amount of precipitation 
in March, June, and October than the corresponding 
lower elevation at Lukla. Pyramid (higher elevation station) 
receives less precipitation than the Pheriche except in 
August, whereas Kala Patthar shows a different result, i.e., 
precipitation in Kala Patthar is higher than its counterpart 
in Pyramid except for April, August, and September (Fig. 
3a). A higher amount of precipitation in Kala Patthar is 
observed in January. Further, the Lukla station clearly 

showed the impact of westerly in the high altitude during 
the winter season (Fig. 3a). It is a fact that precipitation is 
characterized by the nature of the terrain, especially over 
the mountainous region of the country (Kansakar et al., 
2004). Generally, higher precipitation is observed in the 
mid-elevation (between 1500–2000 m) areas of the 
country and decreases with increasing elevation (Sharma et 
al., 2020a). 
 
The climate of the region is characterized by the 
pronounced seasonality of temperature. Daily mean 
temperature ranges from -2 to 18°C in Lukla, -8.14 to 
18°C for Namche Bazar, -15.21 to 9.86°C for Pheriche, -
18.09 to 5.97°C for Pyramid and -20.46 to 3.30°C for Kala 
Patthar (Fig. 3b). Further, stations at Lukla and Namche 
Bazar show the highest temperature difference in the 
month of October. It is interesting to note that Namche 
Bazar-Pheriche and Pyramid- Kala Patthar show the 
highest temperature difference in the winter season, 
whereas the highest difference is observed in the 
Pheriche-Pyramid station for the monsoon season. 
Furthermore, Kala Patthar and Lukla station showed the 
highest temperature difference in the month of April and 
the lowest in August (Fig. 3b).  
 
Association of temperature and precipitation along 
with the elevation 
The mean temperature between the stations in the 
different elevations is highly variable; however, their 
variation in higher elevation is very consistent with the 
corresponding lower elevation. For example, the daily, 5-
days, 10-days, and monthly mean temperature and 
standard deviation are almost identical (Table 2). The 
correlation of mean temperature between the stations at a 
lower elevation with their corresponding higher elevation 
is up to 0.98 (p < 0.0001, n = 3652) for the daily and 0.99 
(p < 0.0001, n = 120) for the monthly timescale. Further, 
the temperature correlation between the station at higher 
and lower elevation ranges from 0.87-0.99 (p < 0.0001, n 
= 730) and 0.89- 0.99 (p < 0.0001, n = 365) for 5-day 
temperature and 10-day temperature, respectively (Fig. 4).  
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Figure 3. Precipitation (a) and temperature (b) difference between lower and higher elevation stations during the study 
period. Here, Luk, Nam, Phe, Pyd, and Kal denote the Lukla, Namche, Pheriche, Pyramid, and Kala Patthar station, 

respectively. 

 
 

 
Table 2. Standard deviation and mean values of precipitation and temperature at different stations during the study period. 

Parameter 
Standard deviation/mean values 

Lukla Namche Pheriche Pyramid Kala Patthar 

Daily mean temperature (°C) 4.55/9.43 4.9/5.15 5.52/1.11 4.74/-2.26 4.93/-5.34 

5-day mean temperature (°C) 3.91/9.44 4.2/5.18 4.8/1.07 3.9/-2.24 4.1/-5.31 

10-day mean temperature (°C) 3.87/9.57 4.13/5.27 4.7/1.12 3.8/-2.18 4.3/-5.63 

Monthly mean temperature (°C) 3.76/9.72 3.97/5.23 4.62/0.97 3.55/-2.15 3.96/-5.63 

Daily precipitation (mm/day) 10.94/4.72 10.05/3.09 2.91/1.26 2.61/1.06 2.84/1.09 

5-day Precipitation (mm/day) 42.26/22.53 37.44/15.20 10.05/6.12 9.90/5.28 9.63/5.12 

10- day precipitation (mm/day) 29.31/13.40 24.63/4.09 6.90/3.08 6.53/2.37 6.01/2.26 

Monthlyprecipitation (mm/day) 221.37/129.87 194.96/97.03 48.25/35.74 49.00/30.54 48.75/31.95 
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Figure 4. The temperature correlation between the station at higher and lower elevations ranges for daily, 5-day, 10-day, 

and monthly time scales during the study period. 

 
 
Despite a lesser agreement in the standard deviation of 
precipitation data between higher and lower elevations 
(Table 2), the variations in the daily, 5-days, 10-days, and 
monthly precipitation at different altitudes were 
significantly correlated with their values at the 
corresponding stations (Fig. 5). The standard deviation in 
Table 2 further shows the small agreement in precipitation 
between higher and lower elevation stations compared to 
temperature records (Fig.s 4 and 5). Further, the variations 
in the daily, 5-days, 10-days, and monthly precipitation at 
different altitudes are also significantly correlated to each 
other (Fig. 5). The correlations increased with increasing 
lengths of the time intervals, up to 0.53 for the daily to 
0.76 for 5-day, 0.81 for 10-day, and 0.91 for monthly 
timescale during the study period (Fig. 5). It is worth 
noting that the linear regression of temperature and 
precipitation in Figures 4 and 5 is statistically significant at 
0.001 confidence level.  
 

Lower elevation temperature data to represent higher 
elevation climate 
Figure 6 presents the intercepts, slopes, and correlation 
(R2) values of regression analysis based on the higher 
elevation data against the corresponding lower elevation 
for daily and 5-day temperature data pooled by individual 
months. It is interesting to note that for a one-degree 
change in Lukla temperature, there is more than a degree 
change in temperature in the winter season and in the 
month of April, June, and October (Fig.6a, b). However, 
during the rainy months (July, August, and September), 
the temperature in Namche Bazar is changed by <0.54°C 
per degree changes in Lukla temperature. When there is a 
one-degree change in Lukla temperature, Namche 
temperature changes by 1.32°C in the month of January; 
this considerable temperature variation might be related to 
the large temperature difference between those stations in 
the particular month. In January, Lukla's temperature 
never became positive, whereas Namche almost always 
has a negative temperature.  

 



B. Dawadi, S. Sharma, K. Hamal, N. Kahdka, Y. P. Dhital, S. K. Mahato 

105 

 

 
Figure 5. The precipitation correlation between the station at higher and their corresponding lower elevation ranges for 

daily, 5-day, 10-day, and monthly time scales during the study period. 

 
 
In the Figure 6c and 6d, one-degree change in Namche 
temperature, Pheriche temperature varied by 0.27 to 
0.95°C except in February. A similar range of change in 
temperature (1°C/1°C) is also observed between these 
two stations in the month of February. Comparison of 
temperature variation between Pheriche and Pyramid 
showed a very similar pattern, i.e., for a degree change in 
Pheriche temperature, there is also a similar variation (0.9 
to 1.12°C) in the months of December to May; however, 
decrease with the onset of monsoon in July, and the 
temperature variation start to increase in the month of 
October after the retreat of the monsoon (Figs. 6e and f). 
The Pyramid temperature is positive in monsoon months, 
whereas Pheriche temperature becomes positive from 
May to October. The negative minimum temperature is 
observed in the Pyramid station throughout the year, 
whereas the positive minimum temperature was observed 
in July and August at Pheriche station. The one-degree 
change in minimum temperature in July and August for 
Pyramid is 0.41, which is 0.24 for Pheriche station with R2 > 
0.42 (Figs. 6e and 6f). 
 

The temperature variation in the high-altitude stations at 
Pyramid and Kala Patthar showed a similar range of 
variation throughout the year (Fig.6g and h). There is an 
increase or decrease in Kala Patthar temperature by 0.82 
to 1.13 per degree change in the corresponding lower 
elevation at the Pyramid station. The higher correlation 
(R2 > 0.75) throughout the year between Pyramid and 
Kala Patthar further proves the reliability of the model 
(Fig. 5g and 5h). It is interesting to note that during the 
half-year (December– May), Kala Patthar temperature also 
changes by ~1°C per degree change in Pyramid 
temperature. Among all, the highest temperature variation 
was observed between Kala Patthar (5600) and Lukla 
station (2650 m asl) (Fig. 6i and 6j). However, both 
stations showed a similar range of variability of the daily 
and 5-day mean temperature during January and February. 
Only a small change (0.21°C) was found in the Lukla 
station for a one-degree temperature change in Kala 
Patthar station during March. Although a small change 
was found in March, however in April, May, and June, the 
Lukla temperature changed up to 1.49°C for a one-degree 
change in Kala Patthar station (Fig.6i and j). Further, in 
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March and November, a one-degree temperature change 
in Kala Patthar led to a temperature change in Lukla by 
0.21 and 0.15°C, respectively. Furthermore, a negative R2 
value between these two stations indicates an opposite 
behavior of the temperature during March and November. 
Similarly, Maskey et al. (2011) also found negative 
correlations between snow cover and temperature, 
particularly in snow-free months,  such as  January and  
November for the elevation zones below  6000  m.   
 
Moreover, the variations in the daily and 5-day mean 
temperatures in the lower-elevation stations can represent 
their counterparts at the higher elevation stations (mainly 
in the high altitudes) at the southern slope of Mt Everest 
(Central Himalaya), supporting our hypothesis (Fig. 6). 
However, the relationships of different climatic 
parameters between the station are not consistent, and 
further corrections are necessary when the higher 
elevation environment needs to replicate accurately using 

the lower elevation data. Moreover, the regression models' 
intercepts for temperature indicate a hypothetical "base 
temperature" at a higher elevation when the 
corresponding lower elevation temperature is 0°C. 
Moreover, the models' slopes showed the temperature 
changes at the higher elevation per °C measured at the 
lower elevation climatic station. Further, when the sun is 
shining in the low-elevation areas, it may be quite warm, 
even in winter, but the temperature drops rapidly in high-
elevation areas if a passing cloud blocks the sun. This 
might be the reason for the higher fluctuation of 
temperature during the winter season in the high-elevation 
station compared with their corresponding lower elevation 
stations (Dawadi et al., 2020). Furthermore, decreasing 
cloudiness and consequent increasing of daytime 
shortwave and decreasing of nighttime longwave 
incoming solar radiation may lead to temperature variation 
in higher and their corresponding lower elevation station 
(Thakuri et al., 2019). 

 
 
 

 
Figure 6. Monthly variation in correlation, slope, and intercept based on daily and 5-day mean temperature for (a, b) Lukla-

Namche, (c, d) Namche-Pheriche, (e, f) Pheriche-Pyramid, (g, h) Pyramid-Kala Patthar, and (i, j) Kala Patthar-Lukla 
station. 

 
Precipitation linkage between the different elevations 
Figure 7 represents the monthly variation in correlation, 
slope, and intercept based on daily and 5-day total 
precipitation for lower elevation and their corresponding 

higher elevation stations during the study period. The 
intercept of the regression models for precipitation shows 
the amount of precipitation at lower/higher elevation 
when no precipitation is observed at the corresponding 
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higher/lower elevation. The lower elevation station (i.e., 
Lukla) did not observe any precipitation events; however, 
corresponding higher elevation Namche observed 83 mm 
of rain during monsoon season (Fig.7a and b). From June 
to September, the high intercept values indicate the higher 
degree of frequencies of the rainfall between the stations 
during these months. In contrast, Namche station 
received up to 19 mm of rainfall when there was no 
rainfall at the corresponding Pheriche station (Fig.7c and 
d). About 8 mm of precipitation was observed at the 
Pheriche station when there is very light precipitation in 
the corresponding high-elevation station (i.e., Pyramid) 
(Figs. 7e and 7f). Further, similar results are also observed 
between Prymid-Kala Patthar, Kala Patthar-Lukla stations 

(Figs. 7g-j). Moreover, when data are pooled in different 
months for regression analyses, high intercept values were 
generally found from March to October, suggesting higher 
frequencies of light precipitation at the upper timberline 
than at the valley bottom. It is observed that Namche 
station recorded most of its precipitation at nighttime 
(especially after 14:00 UTC), whereas at Pyramid AWS, 
daytime precipitation exceeded the nighttime precipitation 
(Ueno  & Aryal, 2008). This altitudinal tendency of diurnal 
precipitation changes agreed with the characteristics of 
monsoon precipitation observed in the Himalayas by 
previous studies (Ueno, 1993; Dawadi et al., 2020), which 
might be the reason for variation in precipitation among 
the stations located in the different elevations.

 
 
 

 
Figure 7. Monthly variation in correlation, slope, and intercept based on daily and 5-day total precipitation for (a, b) Lukla-

Namche, (c, d) Namche-Pheriche, (e, f) Pheriche-Pyramid, (g, h) Pyramid-Kala Patthar, and (i, j) Kala Patthar-Lukla 
station. 

 
 
CONCLUSIONS 
The Central Himalaya region is a data-scarce region, and 
most of the climatological studies in these regions are 
based on low-elevation observations. On this note, this 
study investigates the climatic linkage between stations at 
different elevations along the southern slope of Mt. 

Everest. To do this, five climatic records ranging from 
2660 m to 5600 m between January 2003 and December 
2012 were compared. In terms of magnitude, means and 
distributions of temperature and precipitation in the 
different altitudes are significantly different from each 
other. Besides these differences, temperature and 
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precipitation variation is consistent between the stations in 
the different altitudes, and their correlation increases with 
increasing time window. 
 
A strong temperature correlation was observed between 
lower-elevation stations and their corresponding high-
elevation station. Similarly, the slopes of the regression 
model ~1 with (R2>0.5) further indicate a similar change 
in temperature between the stations at a higher elevation 
to the corresponding lower elevation station. Moreover, 
the variations in the spatial and temporal difference in the 
regression model's slope further indicate that the 
temperature data from a lower elevation can be used to 
describe the climatic scenario of the high-elevation areas. 
It is worth mentioning that monthly temperature records 
at the lower elevation were a better representative for the 
corresponding station at the higher elevation. In contrast, 
the precipitation association between the stations at 
different elevations is not as strong as the temperature due 
to heterogeneous topographical features and steep 
altitudinal variation. However, some corrections are 
recommended when absolute temperature values are 
considered. Although the study period is only 10 years, 
this study will be helpful for understating the linkage of 
climatic records between lower and corresponding highest 
elevation meteorological stations from the world's highest 
mountain.  
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