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Abstract 

Depending upon altitudinal gradient in the Himalayas, the rate of climate change varies from 

lowland to upland. The Chitwan Annapurna Landscape (CHAL) is the central part of the 

Himalayas and covers all bioclimatic zones. Analysis of time series data (1970-2019) of 

temperature and precipitation was carried out in seven bioclimatic zones extending from lowland 

Terai to higher Himalayas. The non-parametric Mann-Kendall test was applied to determine the 

trend, which was quantified by Sen’s slope. Annual and decade interval average temperature, 

precipitation trends, and lapse rate were analyzed in each bioclimatic zone. Out of seven 

bioclimatic zones, four zones showed a decreasing precipitation trend (lower tropical, upper 

tropical, upper subtropical, and alpine bioclimatic zones)at the rate of 1.8, 1.98, 2.06, and 1.80 

mm/year, and in lower sub-tropical, temperate, and lower subalpine bioclimatic zones, increasing 

at the rate of 0.45, 1.81 and 1.28mm/year, respectively. Precipitation did not show any particular 

trend at decade intervals. The average annual temperature at different bioclimatic zones clearly 

indicates that temperature at higher elevations is significantly increasing more than at lower 

elevations. In lower tropical bioclimatic zone (LTBZ), upper tropical bioclimatic zone(UTBZ), 

lower subtropical bioclimatic zone (LSBZ), upper subtropical bioclimatic zone(USBZ), and 

temperate bioclimatic zone(TBZ), the average temperature increased by 0.022, 0.030, 0.036, 

0.042 and 0.051oC/year, respectively. The decade level temperature scenario revealed that the 

hottest decade was from 1999-2009. The average temperature was found as 24.1, 21.8, 19.7, 

17.5, and 13.3oC in LTBZ, UTBZ, LSBZ, USBZ, and TBZ, respectively, and the average annual 

precipitation in LTBZ, UTBZ, LSBZ, USBZ, TBZ, LBZ, and ABZ was 2002.1, 2613.1, 2223.9, 

3146.9, 1447.2, 952.1, and 361.7mm/year, respectively, in CHAL. With the impact of climate 
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change site and region-specific, this information highlights the need to mitigate climate change 

in different bioclimatic zones.  

Key words: bioclimatic zones, climate change, precipitation, temperature, trend 

1. Introduction 

Elevation-dependent warming is higher in the Himalayas than any other part of the 

world[1,2].Globally, the average yearly temperature increases by 0.020C [3], but the average 

maximum temperature of Nepal increases yearly by 0.056oC [2],varying in different areas and 

bioclimatic zones[4]. This indicates that the impact of climate change is severe and more rapid in 

both the upland and lowland area of Nepal [5], which could lead to several unpredictable 

problems for livelihoods [6], ecosystem processes, biodiversity, and natural resources in general. 

The Chitwan-Annapurna Landscape (CHAL) area in Central Nepal extends from 164m to 8091m 

altitudes within a short north-south distance of about 185km. It covers 32,090 km2land area, 

encompassing19 political districts that cover 22% of land in Nepal. It is known that altitude and 

aspect along the latitude create a wide range of climatic conditions and that CHAL also 

encounters almost all types of bioclimates – from tropical to alpine – which makes it an 

appropriate landscape for climatic study. The climate change analysis and trend information 

would be useful for biodiversity analysis, biological invasion, natural disaster, and vulnerability 

and impact studies. 

Since 1993, numerous analyses of climatic trends at national and regional levels[7,8,9,10, 11,12, 

13, 14,15, 2, 16,17,18, 9,20] have been conducted in Nepal. Most of these studies have 

conducted thorough analyses of selected meteorological stations of Nepal and adjoining regions. 

However, systematic climatic trends from a complete set of meteorological stations at different 

bioclimatic zones of a landscape have not been studied. Due to topographic variation and 

orographic effects, the average temperature and precipitation assessment is a challenge in a 

region like CHAL. Simply averaging the data from stations at different altitudes cannot 

distinguish variations in trends among bioclimatic zones.  

This study fulfils a gap in knowledge of the rate of warming in different elevation levels within 

CHAL by i) analyzing the trends of temperature and precipitation at different bioclimatic zones, 
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ii) examining decade interval climate change patterns in temperature and precipitation at 

different bioclimatic zones, and iii) determining the average temperature, precipitation, and lapse 

rate of temperature and precipitation in different bioclimatic zones of the area. 

 

2. Materials and Methods 

2.1 Study area 

The study area is Chitwan Annapurna Landscape (CHAL), located in central Nepal between 

27o35’ and 29o33’ N latitude and 82o88’ and 85o 80’ E longitude [21]. The CHAL includes all or 

part of 19 districts(Mustang, Manang, Gorkha, Rasuwa, Nuwakot, Dhading, Lamjung, Tanahu, 

Syangja, Kaski, Palpa, Parbat, Baglung, Myagdi, Gulmi, Arghkhachi, Makwanpur, Chitwan and 

Nawalparasi) (Figure-1). Based on altitude, topography, and climate, Nepal is generally divided 

into Terai (59-200 m), Siwaliks (200-1500 m), middle mountains (1000-2500 m), high 

mountains (2200-4000m), and high Himalayas (>4000 ml). In this study, CHAL is categorized 

into seven bioclimatic zones [22]and[23]with slight modification to evaluate the climatic trends 

as lower tropical bioclimatic zone (<500m) (LTBZ), upper tropical bioclimatic zone (500-

1000m) (UTBZ), lower subtropical bioclimatic zone (1000-1500m) (LSBZ), upper subtropical 

bioclimatic zone (1500-2000m) (USBZ), temperate bioclimatic zone (TBZ), lower sub-alpine 

bioclimatic zone (3000-3500m) (LABZ), and  upper sub-alpine bioclimatic zone (>3500m asl) 

(ABZ).  

A wide range of climatic conditions exist in CHAL, including the tropical humid climate in 

lowland of Chitwan and Nawalparasi districts, the alpine in the high mountains, and the cold dry 

climate in the trans-Himalaya in parts of Mustang and Manang districts. The mean temperature 

of Terai/Siwalik is more than 25oC, about 20oC in the middle hills, and in between 10oC to 20oC 

in the high mountains [24]. The average annual rainfall ranges from 165mm at Lomanthang 

(Mustang) in the northern part to 5,244mm at Lumle (highest rainfall in the country) in mid-hills 

[2]. Orographic effects cause high spatial variation in precipitation in different zones of the 

landscape. Nearly 78%of the total annual precipitation occurs during the monsoon season 

between June and September [16]. Occasional winter rainfall is common including short rainfall 

in the Siwalik and mid-hills and snowfall is common in high altitude regions.   
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Figure 1 Map of Nepal with Chitwan Annapurna Landscape (CHAL) area  

2.2 Climate analysis 

Both precipitation and temperature data for all stations in CHAL were procured from the 

Department of Hydrology and Meteorology (DHM), Government of Nepal. There are 81 and 32 

weather stations to measure rainfall and temperature within CHAL, respectively (Table-1). 

However, time series data (1970-2019) of daily temperature and rainfall of 26 and 52 stations, 

respectively, were only used in this analysis due to presence of complete data set of different 

bioclimatic zones in CHAL (Table-1). The distribution scenarios of functional stations used to 

depict inferences along different bioclimatic zones are presented in Figs2 and 3. The station 

details, including the data available date, are presented in Annex 1 and 2. 

The rainfall and temperature trends were calculated in spatial (seven bioclimatic zones based 

upon altitude, climate, and vegetation) and temporal (annual and decade) scales. 
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Table 1 Total number of precipitation and temperature stations in each bioclimatic zone in 

CHAL. Numbers in parentheses indicate stations having complete data sets. 

Bioclimatic zones Precipitation stations Temperature stations 

LTBZ(<500m) 14(11) 6(5) 

UTBZ (500-1000m) 16(11) 10(8) 

LSBZ(1000-1500m) 16(10) 4(4) 

USBZ (1500-2000m) 14(8) 5(4) 

TBZ (2000-3000m) 10(7) 7(5) 

LABZ (3000-3500m) 3(2) - 

ABZ (>3500m) 8(3) - 

Total 81(52) 32(26) 

 

Figure 2Stations recording precipitation at different bioclimatic zones in CHAL 

The average temperature of individual stations averaged and average sum of precipitation from 

all stations in each bioclimatic zone was calculated.  

The temperature was analyzed only from LTBZ to TBZ in this study. Although two 

climatological stations, Jomsom and Thakmarpha (station Id 601 and 604), lie in between 2500 
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and 3000m altitudes in Mustang district of CHAL, the data of these stations cannot represent 

temperature of all bioclimatic zones in upper temperate regions. Mustang lies within the Trans-

Himalayan region i.e. rain shadow area. Therefore, stations of lower temperate and upper 

temperate bioclimatic zones were merged and averaged to calculate the trend. 

2.3 Data management 

The stations level data were manually checked to determine the odd and unusual patterns. The 

station data that showed outliers and unusual values were corrected for individual stations by 

replacing them with the average of the value from the previous day and the next day [2]. If there 

is an outlier or missing data for about a month or more, that particular year is omitted from the 

analysis. 

 

Figure 3Temperature stations at different bioclimatic zones in CHAL 
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2.4 Trend Analysis 

Mann-Kendall test and Sen's slope methods were used to analyze the climatic trend, magnitude, 

significance of  temperature, and precipitation data in bioclimatic zones. The Mann-Kendall test 

is a non-parametric tool and one of the best methods to analyze the presence and significance of 

monotonic positive or negative trend in time series climatic data [25, 26, 2] .Existence of positive 

or negative trend among the considered climatic variables was determined by using Mann-

Kendall trend test, its quantification was done by using Sen's slope method, and significance by 

Mann-Kendall Methods in R package version 3.4.4 [27]. The Mann-Kendall method of 

significance test uses the hypothesis testing approach. In the testing mechanism null hypothesis 

(Ho) there is no monotonic trend in climatic data, and with alternative hypothesis (H1), there is a 

monotonic trend in climatic data at significant level. Significant tests at 0.05 confidence levels 

were used. 

2.5 Lapse rate of temperature and precipitation  

The lapse rate of temperature and precipitation in different bioclimatic zones along altitudinal 

gradient in CHAL were calculated following [28] and [29] with slight modification. The lapse 

rate of precipitation was derived by analyzing annual average precipitation sums of the stations 

lying in each bioclimatic zone by using the following equation: 

𝑃𝑃𝑡𝐿𝑅 =
𝑃1 − 𝑃2

𝑍1 − 𝑍2
 

Where PPt LR is precipitation lapse rate, P1 and P2 are the precipitation sums of the highest and 

lowest bioclimatic zones (in mm) and Z1 and Z2 are their respective elevations of higher and 

lower bioclimatic zones. The value of Z1-Z2 considered 1 because our calculation is converted 

into 1 kilometer along elevation change. 

All temperature data were aggregated to yearly values for the period of 50years. Temperature 

lapse rates were calculated through temperature difference between two successive bioclimatic 

zones i.e. temperature-elevation space [28]. Average temperature is normally assumed to 

decrease linearly with increasing elevation in CHAL. So, Temp LR was calculated as: 

𝑇𝑒𝑚𝑝𝐿𝑅 =
T1 − T2

Z1 − Z2
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Where Temp LR is Temperature lapse rate, T1 and T2 are the yearly average temperatures of the 

highest and lowest temperature in each bioclimatic zone (oC), and Z1 and Z2 are their average 

elevations (m). We calculated the lapse rates based on the strong relationship between ambient 

air temperature and elevation (30, 28, 29]. 

 

3. Result 

3.1Annual trend of precipitation 

A mixed pattern of precipitation in different bioclimatic zones was noted in CHAL. Out of seven 

bioclimatic zones, four zones showed decreasing precipitation and three zones showed increasing 

trend (Table-2). Except UTBZ and LSBZ, the trend was statistically significant in these 

bioclimatic zones. At LTBZ (<500m), the average precipitation significantly decreased at the 

rate of 1.8 mm/year. In UTBZ, the precipitation decreased at the rate of 1.98mm/year. 

Precipitation in USBZ had increasing yearly of 0.45mm, but at USBZ a decreasing rate 

of2.06mm/year (Table-3and Figure-4). 

Above from 2000m elevation, the precipitation showed increasing trend up to 3500m and then 

again decreasing. At TBZ (2000-3000m), the precipitation increased at the rate of 1.81mm/year 

and at LABZ (3000-3500m) at the rate of 1.28mm/year. At ABZ (>3500m), precipitation had a 

decreasing trend at the rate of 1.80mm/year (Table-3 and Figure-4). 
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Figure 4Average annual rainfall trends in different bioclimatic zones in CHAL 

3.2 Precipitation trend in different decade 

Average decade rainfall in bioclimatic zones in CHAL was analyzed. In general, precipitation in 

all bioclimatic zones increased until 2000AD, but decreased after 2000AD. At UTBZ, average 

rainfall increased from 1970-1979 to 1980-1990 and again showed decreasing and increasing 

pattern. In the last decade (2010-2019), the average rainfall was found decreasing from 

preceding decades. From Sen's slope value, the rainfall was found decreasing at the rate of 

19.8mm per decade. 

USBZ received maximum average rainfall in CHAL (Figure-5); however, overall trend shows 

that average precipitation was decreasing at the rate of 20.6mm/decade (Tabel-2).  

In TBZ, from the first (1970-1979) to the second decade (1980-1989), the rainfall trend was 

found increasing and decreasing thereafter. However, overall decade level trend analysis showed 

increasing rainfall at the rate of 18.1mm/decade. Similarly, particular trend was not seen in 

LABZ, but average decade rainfall was found increasing at the rate of 12.8mm/decade. 
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Table 2 Decade wise average precipitation (mm) trend in different bioclimatic zones in CHAL 

Bioclimati

c zones 

1970-

1979 

1980-

1989 

1990-

1999 

2000-

2009 

2010-

2019 

 trend between 1970-2019 

Sen'

s 

slop

e 

per 

year 

P value 

(mann'sKende

l test) 

Significanc

e 

LTBZ 1964.

4 

2030.

5 

2022.3 2169.3 1823.6 -1.8 0.029 No 

UTBZ 2620.

8 

2604.

6 

2665.7 2677.8 2496.3 -

1.98 

0.47 No 

LSBZ 2145.

8 

2216.

0 

2362.1 2242.8 2152.8 0.45 0.89 No 

USBZ 3222.

5 

3422.

9 

3066.9 3105.5 2913.7

9 

-

2.06 

0.03 Yes 

TBZ 1230.

2 

1558.

1 

1519.6

5 

1498.7

5 

1429.2

5 

1.81 0.002 Yes 

LABZ 886.2 854.8 992.1 971.1 1056.2 1.28 0.0001 Yes 

ABZ 366.8 444.3 351.1 298.4 348.0 -

1.80 

0.05 Yes 

 

 

Figure 5 Decade-wise precipitation trend along different bioclimatic zones in CHAL  
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3.3. Annual trend of temperature 

Table 3  Average temperature trend (1970-2019) in different bioclimatic zones in CHAL 

Bioclimatic zones Sen's slope P value (Mann's 

Kendel test) 

Significance 

LTBZ 0.022 <0.001 Yes 

UTBZ 0.030 <0.00001 Yes 

LSBZ 0.036 <0.0001 Yes 

USBZ 0.042 <0.00001 Yes 

TBZ 0.051 <0.0001 Yes 

 

The average temperature increased by 0.022oC/year during 1970 to 2019 in LTBZ. However, in 

UTBZ, LSBZ, USBZ, and TBZ, the average annual temperature increased by 0.030, 0.036, 

0.042, and 0.051oC/year, respectively. This result clearly indicated that temperature at higher 

elevation has been significantly increasing more than at lower elevations (Table-3 and Figure-

6).Although average temperature increased in all bioclimatic zones, the increasing rate of 

average annual temperature at higher elevation was high. 

3.4. Temperature in different decades 

Average temperature in every bioclimatic zone of CHAL has been increasing over the past five 

decades (Table-4).On average, at a rate of 0.2oC/decade, temperature significantly increased at 

LTBZ of CHAL. At LTBZ, from 1989-1999, the highest average temperature increase was 

0.27oC/decade. From 1979-1989, the average temperature rose to 0.26oC/decade, but the last two 

decades experienced slightly low temperature gain (Table-4). Similarly, 1999-2009 was a 

comparatively hotter decade in higher altitudes above 1000m (Table-4). 
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Figure 6 Average temperature trends in different bioclimatic zones of CHAL (1970-2019) 

 

Table 4 Increased average temperature (oC) per decade in different bioclimatic zones of CHAL 

since 1979 

Bioclimatic 

zones 

1979-1989 1989-1999 1999-2009 2009-2019 1979-2019 

Sen's slope Significance 

LTBZ 0.26 0.27 0.16 0.19 0.022 Yes 

UTBZ 0.28 0.28 0.33 0.32 0.030 Yes 

LSBZ 0.17 0.39 0.44 0.42 0.036 Yes 

USBZ 0.36 0.39 0.44 0.47 0.042 Yes 

TBZ 0.48 0.51 0.56 0.52 0.051 Yes 

 

 

 

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

1970 1980 1990 2000 2010 2020

T
em

p
er

a
tu

re
(o

C
)

Year

LTBZ UTBZ LSBZ USBZ TBZ

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 October 2020                   doi:10.20944/preprints202010.0206.v1

https://doi.org/10.20944/preprints202010.0206.v1


13 
 

3.5 Average annual temperature and precipitation 

The average temperature and precipitation values of all stations in each bioclimatic zone have 

been analyzed for 1970-2019 (Table-5). The results show 24.1, 21.8, 19.7, 17.5, and 13.3oC 

average annual temperature at LTBZ, UTBZ, LSBZ, USBZ, and TBZ, respectively, in CHAL. 

Similarly, average annual precipitation in LTBZ, UTBZ, LSBZ, USBZ, TBZ, LBZ, and ABZ 

was 2002.1, 2613.1, 2223.9, 3146.9, 1447.2, 952.1, and 361.7mm/year, respectively, in CHAL. 

This result indicates that with increasing altitude from LTBZ to UTBZ, annual average 

precipitation increases, but in other BZ the precipitation successively decreases (Table-5). 

Table 5 Lapse rate and average temperature and precipitation along different bioclimatic zones 

in CHAL 

Bioclimatic zones AAT 

(oC) 

TLR 

(C/500m) 

TLR 

(oC/km) 

ANR 

(mm) 

PLR 

(mm/500m) 

PLR 

(mm/km) 

Lower tropical bioclimatic 

zone(<500m) 

 

24.1 

 - 2002.1  - 

Upper tropical bioclimatic zone(500-

1000m) 

 

21.8 

 

-2.3 -4.6 2613.1 

 

611 

 

1222 

Lower subtropical bioclimatic 

zone(1000-1500m) 

 

19.7 

 

-2.1 -4.2 2223.9 

 

-389.2 

 

-778.4 

Upper subtropical bioclimatic 

zone(1500-2000m) 

 

17.5 

 

-2.2 -4.4 3146.4 

 

922.5 

 

1845 

Temperate bio- climatic zone(2000-

3000m) 

 

13.3 

 

-2.2 -4.4 1447.2 

 

-849.6 

 

-1699.2 

Lower subalpine bioclimatic 

zone(3000-3500m)    
952.1 -495.1  

-990.2 

Alpine bioclimatic zone(>3500m) 
   

361.7 -590.4  

-1180.8 

Note: AAT= Average annual temperature, TLR= Temperature lapse rate, PLR= precipitation 

lapse rate 

3.6 Lapse rate of temperature and precipitation lapse rate 

The temperature lapse rate showed2.1 to 2.3oC decreases with every increase of 500m altitude 

along different bioclimatic zones in CHAL (Table-5). It implies that every one-kilometer that 

altitude rises, the temperature decreases by 4.2 to 4.6oC/km in CHAL.  
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4. Discussion 

A mixed pattern of precipitation in different bioclimatic zones is in congruence with the 

precipitation pattern for the whole of Nepal [31]. Previous work in different parts of CHAL were 

localized to districts or whole regions at small scale analysis based on some meteorological 

stations of Lamjung[32], Syangja [33], and other districts [2]. According to Poudel and 

Shaw[32], annual precipitation was increasing in Khudi (855m) and Kunchha (823m) stations of 

Lamjung district at the rate of 0.063mm/year and 4.42mm/year, respectively. However, in 

Gharedhunga (1120m) station, in the same district over the course of 32 years (1980-2012), there 

was a decreasing trend at the rate of 3.48mm/year within CHAL. Our findings in general 

conclude that for the whole CHAL, annual average precipitation varies because of precipitation 

amount varying in different years.  

According to DHM [2], normal annual precipitation at district level in CHAL showed that 

Mustang, a trans-Himalaya region, receives the lowest rainfall (<4000mm), whereas Kaski, 

Parbat, Tanahu, Lamjung, and Nuwakot receive more than 2000mm of annual rain. Similarly, 

High Himalayas receives (>400m) the least amount of rain and the remaining regions receive 

1500-2000mm, which is consistent with present results. The annual precipitation trend of Nepal 

along different physiographic regions showed inconsistency. According to [2]in Terai, annual 

average rainfall was found increasing at the rate of 0.49mm/year, but Siwalik, Mid-mountain, 

High mountains, and High Himalayas showed decreasing at the rate of 1.48mm, 1.58mm, 

3.17mm, and 1.46mm/year, respectively. For the whole of Nepal, total annual precipitation since 

the 1960s has been decreasing at the rate of 3.7 mm per year [34]. District wise, annual 

precipitation trend in CHAL showed a different pattern. Among 19 districts, annual average 

rainfall significantly decreased in 10 districts and decreased in nine districts [2], which is 

consistent with the present study. There is no previous comparison at the bioclimatic zone level 

in CHAL.  

In Nepal, average annual rainfall is 1858.6 mm [35]; however, the spatial pattern of annual 

rainfall in the country depends on topography. Altitude further affects rainfall pattern; total 

annual rainfall increases with altitude up to approximately 3,000m above sea level and then 

diminishes at higher elevations [36].  However, in CHAL, average annual rainfall was found 

inconsistently increasing and decreasing from lower to higher altitudes because of mountains 
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blocking the monsoon wind. Seasonal analysis of station-based rainfall pattern in Gandaki river 

basin (major part of CHAL) revealed significantly decreasing winter rainfall but increasing 

monsoon rainfall [16]. The precipitation was found significantly increasing in the high 

mountains of CHAL.  

Precipitation in each bioclimatic zone in the mountains depends upon many factors such as 

topography, strength of moisture-bearing wind, and the orientation of the mountain range with 

respect to the prevailing wind direction. Thus, precipitation processes and distribution in a region 

is influenced by aforementioned factors, including steep altitudinal contrast [37]. Variation in 

elevation within a very short distance of about 185km creates dissimilarity in precipitation within 

particular regions in Nepal [31, 38]. In this study, we found that the rainfall in LTBZ and UTBZ 

is decreasing annually but in LSBZ it is increasing, and again significantly decreasing in USBZ. 

This unusual pattern of precipitation along different bioclimatic zones of CHAL is therefore due 

to orography and the spatial arrangement of topographic gradients, which control the 

precipitation patterns [37]. These spatial arrangements of topographic gradients, wind direction, 

aspects, and slopes of mountain may alter consistency in precipitation along different ecological 

zones within a short distance in CHAL. 

In the higher elevation above 2000m, annual precipitation was found to be much lower than 

precipitation in lower elevations. Increases in annual precipitation from LTBZ to higher 

elevation up to 2000m at USBZ, and decreases in precipitation above TBZ, was well noted. The 

highest annual rainfall was found in USBZ in CHAL. The Lumle station in CHAL received the 

highest amount of annual precipitation in Nepal of about 5500mm [39, 35] as it lies on the 

windward side of the Annapurna-Machhapuchhre mountain range. The lowest precipitation site 

was recorded in Upper Mustang Dhiee, Lomanthang area of Mustang district within CHAL, with 

a mean annual precipitation of less than 200mm. Both of these highest and lowest precipitation 

sites of the country are in the Annapurna area of present study site. 

According to [15], there are two high monsoonal rainfall zones in Nepal, one around 600m and 

another around 2100m, with different rain patterns. This record of gradual increasing 

precipitation from LTBZ to USBZ, with highest at around 2000m altitude, may be due to 

presence of high monsoonal rainfall zones. From the comprehensive precipitation observations in 

the Annapurna range, [40] showed that the annual precipitation gradually increases from lowland 

and had a strong peak at about 3000m altitude, then decreases as elevation increases. However, 
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present analysis showed that strong peak of precipitation at 2000m then decreases as elevation 

increases in CHAL, which is inconsistent with the result of [40].  

According to the precipitation trend analyzed from data of 80 stations in Nepal, most of the Terai 

area and Western Nepal observe a negative trend [41]. The hills and mountains of Western Nepal 

and the northern part of Eastern Nepal have a positive trend. Based on data from 1947 to 1993, 

[42] found that the precipitation trend in the Koshi Basin (Eastern Nepal) showed an increasing 

trend. The overall average trend for Nepal indicates that the annual average precipitation is 

decreasing at the rate of 9.8mm/decade [5]. Our findings on decade level precipitation trend in 

different bioclimatic zones of CHAL showed consistency with previous findings from Nepal. 

According to [43], global mean surface temperature has increased on average by 0.8oC in the 20th 

century and by 0.6oC from1975 to 2005. [9] reported the maximum temperature increased in 

mountains of Nepal during 1971-1994 by 0.06 to 0.12oC/year, while the southern plains 

increased by less than 0.030C/year, and during 1970-2015 by the maximum temperature 

increased by 0.056oC/year in Nepal[2]. In the CHAL, rise in average temperature was found 

considerably higher than the global average.  

At the district level, the highest significant positive trend was observed in Manang district 

(0.12oC/yr) [2]. Average annual temperature increased in Terai (<200m), Siwalik (200-1500m), 

Middle mountain (1500-2500m), High mountain (2200-4000m), and High Himalayas at the rate 

of 0.020, 0.023, 0.031,0.032, and 0.035oC/year, respectively, which is a similar pattern with the 

present study. The temperature increase was noted higher in our study than DHM (2017). This 

speedy warming trend in high elevation zones compared to lower altitudes is due to melting of 

snow and ice [44] and cold air pooling along local heating by combination of topography and 

synoptic conditions [45].  

In Nepal, average temperature and precipitation analysis for different bioclimatic zones in 

particular areas has not been assessed before. However, average temperature and precipitation 

analysis along different physiographic regions had been done. The range of temperature in Terai 

and Siwalik, mid-hills, and mountain physiographic regions is 20-25, 15-20, 10-20, <3-10oC, 

respectively [24, 36]. [20] analyzed the variation in temperature by increasing every two hundred 

meters altitudes and found that temperature at <200m was 24.8oC. The temperature at <3800m 

was 7.8oC without any consistency pattern of increasing temperature in between lowest to higher 

elevation.  
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Thus, these reasonable elevation-dependent temperature and precipitation trends vary due to 

elevation-based differential changes in climate drivers, such as snow/ice cover, clouds, water 

vapor, aerosols, and soil moisture, or differential sensitivities of surface warming due to changes 

in these drivers at different elevations. However, mountain systems are inherently difficult to 

understand as a result of their complex topography, which leads to a high level of spatial and 

temporal variability in their climatic responses [4]. 

According to [29], the annual average TLR on the southern slope of the central Himalayas is 

−5.2 °C/km, which is −0.4 to 0.8°C/km higher than lapse rate at different bioclimatic zones of 

CHAL. The lapse rate of temperature depends on surface air temperature on elevation and varies 

due to different seasonality, interplay of radiation, slope and aspect of the mountains, and several 

local factors [46]. 

However, the precipitation lapse rate shows irregular patterns in different bioclimatic zones in 

CHAL. When altitudes rise from LTBZ to UTBZ, PLR shows positive trends of 611mm/500m 

elevation i.e. 1222mm/km. However, moving upwards from UTBZ to LSBZ, the precipitation 

lapse rate (PLR) shows negative rate of 778.4mm/km, and then again shows the rate of 

1845mm/km up to 3000m.Then, PLR continuously decreases as altitude increases. The 

decreasing rate is higher at uppermost elevation (Table-5). This unusual pattern of increasing and 

decreasing PLR is consistent with [47] in Langtang valley within CHAL. The difference in PLR 

between different bioclimatic zones may be due to the local effects of topography, slope, and 

aspects of mountain as well as the direction of wind and many other local factors.  

5. Conclusion 

The result of the present study contributes to understanding temperature and precipitation trends 

in different bioclimatic zones in Nepal. There was considerable variation in precipitation and a 

mixed pattern from lower tropical to alpine bioclimatic zones. The average precipitation is 

significantly decreasing at the rate of -2.06 mm/year in USBZ, but increasing at the rate of 

1.81mm/yr in TBZ. A similar pattern of precipitation was observed in the last five decades, 

except LABZ and ABZ in all bioclimatic zones. The temperature at different bioclimatic zones 

of CHAL at higher elevation was significantly increasing, more so with elevational rise i.e. 0.022 

to 0.051oC. 

The average temperature was 24.1, 21.8, 19.7, 17.5, and 13.6 oC at LTBZ, UTBZ, LSBZ, USBZ 

and TBZ, respectively, in CHAL. It indicates 2.1-2.3oC temperature lapse rate is decreasing with 
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increasing altitude by 500m in CHAL. Similarly, average annual precipitation in LTBZ, UTBZ, 

LSBZ, USBZ, TBZ, LBZ, and ABZ was 2002.1, 2613.1, 2223.9, 3146.9, 1447.2, 952.1, and 

361.7mm/year, respectively. These findings would be useful for the planning of mitigation and 

adaptation strategies for climate change impacts. 
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Annex-1 

Stations used to analyze the temperature trends in CHAL, 1970-2019 

Station 

Name 

Statio

n ID 

Station type District Latitude Longitude Altitude 

(m) 

Data 

available  

Lower tropical bio climatic zone(<500m) 

 

Dumkauli 706 Agro-meteorology Nawalparasi 28.1 84.22 154 1976 

Simari 728 Climatology Nawalparasi 28.1

2 

83.75 154 1981 

Chapakot 810 Climatology Syangja 27.8

8 

83.82 460 1979 

Rampur 902 Agro-meteorology Chitwan 28.0

2 

84.42 256 1970 

Hetauda NFI 906 Climatology Makawanpu

r 

27.6

8 

85.05 474 1971 

Upper tropical bio climatic zone(500-1000m) 

 

Baglung 605 Climatology Baglung 27.93 83.6 984 1978 

Beni bazar 609 Climatology Myagdi 27.53 83.57 835 1989 

Kusma 614 Climatology Parbat 28.28 83.7 891 1989 
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Khudi bazar 802 Climatology Lamjung 28.3 84.37 823 1970 

Pokhara airport 804 aeronautical Kaski 28.03 84.0 827 1970 

Syangja 805 Climatology Syangja 27.62 83.88 868 1976 

Malepatan 811 Agro-

meteorology 

Kaski 27.92 84.12 856 1970 

Khairenitar 815 Climatology Tanahu 28.1 84.1 500 1970 

Lower subtropical bio climatic zone(1000-1500) 

 

Tansen 702 Climatology Palpa 28.22 83.53 1067 1972 

Gorkha 809 Agro-meteorology Gorkha 28 84.62 1097 1970 

Nuwakot 1004 Climatology Nuwakot 27.93 85.02 1003 1970 

Pensayakhola 1057 Climatology Nuwakot 28.28 85.12 1240 1975 

Upper subtropical bio climatic zone(1500-2000) 

 

Khachikot 715 Climatology Arghakhanchi 28 83.15 1760 1977 

Tamghas 725 Climatology Gulmi 27.88 83.25 1530 1981 

Lumle 814 Agro-meteorology  Kaski 27.8 83.8 1740 1970 

Dhunche 1055 Climatology Rasuwa 28.1 85.3 1982 1989 

Temperate bio climatic zone(2000-2500m) 

 

Jomsom 601 Climatology Mustang 27.87 83.72 2744 1970 

Thakmarpha 604 Agro-meteorology Mustang 27.68 83.7 2566 1970 

Daman 905 Climatology Makawanpur 27.87 85.08 2314 1972 

Lete 607 Climatology Mustang 28.07 83.6 2384 1998 

Kakani 1007 Agro-meteorology Nuwakot 28.07 85.25 2064 1972 

 Source: Department of Hydrology and Meteorology  
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Annex-2 

Stations used to analyzed the precipitation trends in CHAL 

Station Name Station 
ID 

Station type District latitude Longitude Altitude 

Lower tropical bioclimatic zone(<500m) 

Ridi bazar 701 Precipitation Gulmi 27.95 83.43 442 
Beluwa (girwari) 704 Precipitation Nawalparasi 27.68 84.05 150 
Dumkauli 706 Agrometeorology Nawalparasi 27.68 84.22 154 
Dumkibas 710 Precipitation Nawalparasi 27.58 83.87 164 
Chapkot 810 Climatology Syangja 27.88 83.82 460 
Damauli 817 Climatology Tanahun 27.97 84.28 358 
Rampur 902 Agrometeorology Chitawan 27.62 84.42 256 
Jhawani 903 Precipitation Chitawan 27.58 84.53 270 
Hetaundan.f.i. 906 Climatology Makwanpur  27.42  85.05 474 
Beluwa(manahari) 920 Precipitation Makwanpur 27.55 84.82 274 
Bharatpur 927 Climatology Chitawan 27.67 84.43 205 

Upper tropical bioclimatic zone(500-1000m) 

Baglung 605 Climatology Baglung 28.27 83.60 984 
Beni bazar 609 Climatology Myagdi 28.35 83.57 835 
Kushma 614 Climatology Parbat 28.22 83.70 891 
Garakot 726 Precipitation Palpa 27.87 83.80 500 
Khudi bazar 802 Climatology Lamjung 28.28 84.37 823 

Pokhara airport 804 Aeronatical Kaski 28.22 84.00 827 
Syangja 805 Climatology Syangia 28.10 83.88 868 
Kunchha 807 Precipitation Lamiung 28.13 84.35 855 
Bandipur 808 Climatology Tanahun 27.93 84.42 965 
Malepatan 811 Agrometeorology Kaski 28.12 84.12 856 
Khairinitar 815 Agrometeorology Tanahun 28.03 84.10 500 

Arughatbazar 1002 Precipitation Dhading 28.05 84.82 518 
Lower subtropical bioclimatic zone (1000-1500) 

Tatopani 606 Precipitation Myagdi 28.48 83.65 1243 
Tansen 702 Climatology Palpa 27.87 83.53 1067 
Musikot 722 Precipitation Gulmi 28.17 83.27 1280 
Jagat (setibas) 801 Precipitation Gorkha 28.37 84.90 1334 
Gorkha 809 Agrometeorology Gorkha 28.00 84.62 1097 
Lamachaur 818 Precipitation Kaski 28.27 83.97 1070 
Pamdur 830 Precipitation Kaski 28.27 84.78 1160 
Makwanpurgadhi 919 Precipitation Makwanpur 27.42 85.17 1030 
Nuwakot 1004 Climatology Nuwakot 27.92 85.17 1003 
Dhading 1005 Precipitation Dhading 27.87 84.93 1420 
Pansayakhola 1057 Precipitation Nuwakot 28.02 85.12 1240 

Upper subtropical bioclimatic zone (1500-2000) 
Karki neta 613 Precipitation Parbat 28.18 83.75 1720 
Khanchikot 715 Climatology Arghakhanchi 27.93 83.15 1760 
Tamghas 725 Climatology Gulmi 28.07 83.25 1530 

Lumle 814 Agrometeorology Kaski 28.30 83.80 1740 
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Ghandruk 821 Precipitation Kaski 28.38 83.80 1960 

Chisapanigadhi 904 Precipitation Makwanpur 27.55 85.13 1706 

Markhugaun 915 Precipitation Makwanpur 27.62 85.15 1530 

Timure 1001 Climatology Rasuwa 28.28 85.38 1900 

Thamachit 1054 Precipitation Rasuwa 28.17 85.32 1847 

Dhunche 1055 Climatology Rasuwa 28.10 85.30 1982 

Lower temperate bioclimatic zone (2000-2500m) 

Lete 607 Climatology Mustang 28.63 83.60 2384 

Bobang 615 Precipitation Baglung 28.40 83.10 2273 

Daman 905 Climatology Makwanpur 27.60 85.08 2314 
Kakani 1007 Agrometeorology Nuwakot 27.80 85.25 2064 

Upper temperate bioclimatic zone (2500-3000) 

Jomsom 601 Climatology Mustang 28.78 83.72 2744 

Thakmarpha 604 Agrometeorology Mustang 28.75 83.70 2566 

Gurjakhani 616 Climatology Myagdi 28.60 83.22 2530 

Chame 816 Climatology Manang 28.55 84.23 2680 
Lower subalpine bioclimatic zone (3000-3500m) 

Ghami (mustang) 610 Precipitation Mustang 29.05 83.88 3465 

Manangbhot 820 Climatology Manang 28.67 84.02 3420 

Alpine bioclimatic zone (3500-4000m) 

Ranipauwa (m.nath) 608 Precipitation Mustang 28.82 83.88 3609 

Mustang(lomangthang 612 Climatology Mustang 29.18 83.97 3705 

Larkesamdo 806 Precipitation Gorkha 28.67 84.62 3650 

Source: Department of Hydrology and Meteorology,GoN 
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