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Abstract  9 

Temperature extremes have widespread implications for maintenance of solid 10 

water reservoir on the Tibetan Plateau (TP), but their changing spatiotemporal 11 

patterns and elevation dependence have not been well understood. Using 12 

observations at 124 stations, this study shows that the TP as a whole has 13 

experienced increasing intensities/frequencies of warm extremes (0.37 ℃ 14 

decade−1/2.4% decade−1) and decreasing intensities/frequencies of cold extremes 15 

(0.59 ℃ decade−1/2.4% decade−1) during 1973–2018, and that these changes 16 

strengthen as regional mean warming intensifies. Unlike extreme high 17 

temperature, trends in extreme low temperature depend strongly on elevation, 18 

and the temporal evolution of such elevation-dependency is dominated by rapid 19 

snow decline in high altitudes caused by regional mean warming. The stronger 20 

regional mean warming, the more significant elevation dependency of trends in 21 

extreme low temperatures. These results indicate that TP extreme temperature 22 

changes, especially at higher elevations, will become more significant in a 23 

warmer future, which has important implications for the ecosystems dependent 24 

on high-elevation water resources. 25 
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Key Points:  33 

 Changes in temperature extremes strengthen as regional mean warming 34 

intensifies over the TP 35 

 Regional mean warming determines the existence of elevation dependency of TP 36 

cold extreme trends 37 

 Snow depth change at high altitudes acts as a bridge in the connection between 38 

regional mean warming and elevation dependency of TP cold extreme trends 39 

 40 
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1. Introduction 54 

The Tibetan Plateau (TP) contains the most extensive area of land over 4000 m above 55 

sea-level in the world, and is a major part of the “Third Pole” region (Qiu, 2008). 56 

This is so named, because of the extensive snow, glaciers and permafrost contained 57 

therein, in common with the high latitude polar regions (Yao et al., 2012). These solid 58 

water resources feed nearly all of the major rivers in Asia, including the Yangtze, 59 

Yellow, Mekong, Brahmaputra, Ganges, and Indus, which supply life-supporting 60 

water to more than 1.4 billion people throughout East and Southeast Asia (Immerzeel 61 

et al., 2010). 62 

 Climate warming threatens these solid water resources. Studies have shown 63 

that global warming exhibits large regional differences (IPCC, 2021), with potential 64 

for significant warming amplification at high elevations (elevation-dependent 65 

warming: Pepin et al., 2015) and high latitudes (Arctic or polar amplification: Screen, 66 

2014). Such enhanced warming will exacerbate ablation of solid water resources on 67 

the TP and further affect the sustainable supply of water resources in downstream 68 

regions. It is also the case that on a global scale as warming increases, extreme 69 

weather and climate events have become more frequent (Fischer and Knutti, 2015). 70 

Extreme warm events can facilitate soil temperature rise, leading to more rapid 71 

glacier melting and permafrost degradation (Shur et al., 2010; Zhu et al., 2021). In 72 

contrast, extreme cold events provide favorable conditions for permafrost to expand 73 

in its distribution (Shur et al., 2010), especially during extremely cold, less snowy 74 

winters when lack of insulation means that permafrost deposits are more likely to 75 
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form (Jorgenson et al., 2020). 76 

There have been numerous studies which have examined mean climate change 77 

in the TP (Liu and Chen, 2000; Duan and Xiao, 2015; Pepin et al., 2015; You et al., 78 

2020; Li et al., 2020; Yang et al., 2021). Most studies agree that there has been 79 

significant warming since the mid-1950s, especially during winter (Liu and Chen, 80 

2000). Warming was also more pronounced at high elevations in the early study of 81 

Liu and Chen (2000). More recent analyses have confirmed that elevation-dependent 82 

warming increases up to approximately 4500 m in elevation but declines above that 83 

(Qin et al., 2009; Gao et al., 2018; Pepin et al., 2019; Guo et al., 2019), which may be 84 

related to the elevation-dependent changes in trends in nighttime cloud and snow 85 

cover (Guo et al., 2019; Zhang et al., 2021). Detection and attribution studies show 86 

that the warming over the TP has been caused primarily by increases in 87 

anthropogenic greenhouse-gas emissions (Yin et al., 2019; Zhou and Zhang, 2021). 88 

Several scholars have focused on changes in extreme temperature on the TP 89 

(You et al., 2008a; Liu et al., 2009; Chen et al., 2015; Yin et al., 2019; Zhou et al., 90 

2020; Xie et al., 2020, 2021). It was indicated that warm extremes events have 91 

increased and cold extremes events have decreased on the TP (Wang et al., 2013; 92 

Song et al., 2014). Based on observations and simulations, Liu et al. (2009) found 93 

significant elevation dependency of trends in mean daily minimum temperatures 94 

(Tmin) on the TP during 1961–2006 and revealed that the main cause was due to 95 

combined effects of cloud radiation and snow-albedo feedbacks. However, You et al. 96 

(2008a) used observations to reveal that, although warming in nighttime temperature 97 
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extremes was more significant than for daytime temperature extremes (Liu et al., 98 

2006; You et al., 2008b), there was no elevation dependency in changes of eleven 99 

extreme warm and cold indices (based on ETCCD – later defined in Zhang et al., 100 

2011) from 1961 to 2005. In summary, patterns of mean climate warming on the TP 101 

have been studied in great depth but changes in climate extremes and their elevation 102 

dependency are not as well understood, with inconsistent findings from different 103 

studies. 104 

The aim of this study therefore is to systematically investigate trends of 105 

temperature extremes and their elevation dependency on the TP during 1973–2018 106 

using observations of daily mean, maximum and minimum temperature and snow 107 

depth. We use 124 stations with elevation above 2000 m. 108 

2. Data and Methods 109 

2.1. Data 110 

Daily mean, maximum and minimum surface air temperature (℃), daily precipitation 111 

(mm/day) and snow depth (cm) were obtained from the National Meteorological 112 

Information Center, China Meteorological Administration. Original data cover the 113 

whole period from 1951 to 2018, but only a few stations have continuous data during 114 

the earlier 20–30 years. Thus, we chose 124 stations on the TP with elevation > 2 km 115 

with continuous data (there are very small missing values, see the following 116 

statements) from 1973 to 2018 (Fig. 1), selected from more than 2400 conventional 117 

meteorological stations across China. 118 
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Observations have been previously corrected using a test of spatial consistency 119 

(Li et al., 2004). Data homogeneity has been assessed using the penalized maximal t 120 

test (Wang et al., 2007), the F-test (Wang et al., 2008) and the standard normal 121 

homogeneity test (Alexandersson, 1986). The amount of missing value for 122 

temperature data at the 124 stations is very small (<0.001%) and they were estimated 123 

using linear interpolation based on the two nearest known values in time for the same 124 

station. Snow depth missing values (<0.01%) were estimated by combining daily 125 

precipitation and daily mean temperature. If daily mean temperature was below 0 ℃, 126 

daily precipitation was directly used to increase the daily snow depth, and in the 127 

range 0–2 ℃, only half of daily precipitation contributed to the increase in daily 128 

snow depth (Xu et al., 2017). These data have been used extensively to identify 129 

regional climate change (Li et al., 2021; Yang et al., 2021). 130 

2.2. Methods 131 

We used extreme warm and cold indices based on maximum daily maximum 132 

temperature (TXx), warm days above the 90th percentile (TX90p), minimum daily 133 

minimum temperature (TNn) and cold nights below the 10th percentile (TN10p) 134 

(Table 1), as recommended by the World Meteorological Organization Expert Team 135 

on Climate Change Detection (ETCCD – Zhang et al., 2011). TXx and TNn represent 136 

the intensity of warm and cold extremes, respectively; TX90p and TN10p represent 137 

the frequency of warm and cold extremes, respectively. 10th and 90th percentiles are 138 

defined with respect to the base period 1981–2000 (Guo et al., 2021b). In addition to 139 

the ETCCD indices, this study also analyses changes in mean daily maximum 140 
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temperature (Tmax), mean daily minimum temperature (Tmin), mean diurnal 141 

temperature range (DTR) and daily mean temperature (Tave) at annual and seasonal 142 

scales, since the ETCCD indices are in turn derived from Tmax and Tmin. The trends 143 

of each index and variable were calculated using the non-parametric Sen’s slope, and 144 

the statistical significance evaluated using the M-K test method. 145 

3. Results 146 

3.1 Changes in temperature extremes 147 

Almost all stations show a warming trend in annual Tmax and Tmin, and at 148 

approximately 96% of the stations passing p<0.05 (Fig. 2). Seasonally Tmax show 149 

pronounced warming in winter, while Tmin show pronounced warming in winter and 150 

summer (Fig. S1). The magnitude of the Tmin trend is higher than that of Tmax at 151 

both annual and seasonal time scales, which causes DTR to show an overall 152 

decreasing trend (Fig. 2 and Fig. S1). 153 

    Annual TXx and TNn for almost all stations show increasing trends, with 63% 154 

and 71% of the stations passing p<0.05 for TXx and TNn respectively (Fig. 2). This 155 

indicates an increase in the intensity of extreme warm events and a decrease in the 156 

intensity of extreme cold events. The magnitude of the increasing trend in TNn is 157 

greater than that for TXx. Seasonally, the increasing trends of TXx and TNn are most 158 

significant in winter (Fig. S2). TX90p at all stations also shows an increasing trend, 159 

significant at 97% of the stations, meaning significant increase in the frequency of 160 

warm days above the 90th percentile. TN10p shows a decreasing trend for the 161 
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majority of stations, with 96% of the stations passing p<0.05, indicating a decrease in 162 

the frequency of cold nights below the 10th percentile. Compared with other seasons, 163 

the trend in TX90p is more significant in winter, while the trend of TN10p is more 164 

significant in summer and winter (Fig. S2), which is generally consistent with 165 

seasonal differentiation of the trends in Tmax and Tmin, respectively (Fig. S1). 166 

Temporal trends of annual Tmax and Tmin averaged over all stations are 167 

+0.37 ℃ decade−1 and +0.42 ℃ decade−1 during 1973–2018, respectively (Fig. 3 and 168 

Fig. 4). Because Tmin is increasing more rapidly than Tmax, annual DTR is 169 

decreasing at −0.05 ℃ decade−1, and seasonal DTRs also show decreasing trends 170 

except for winter when it is basically stable (Fig. 3 and Fig. S3). Annual TXx and 171 

TNn series averaged over all stations also show an increase, with trends of +0.37 ℃ 172 

decade−1 and +0.59 ℃ decade−1, respectively. Seasonal TXx and TNn show 173 

increasing trends. Compared with other seasons, TXx shows a pronounced increasing 174 

in winter, with a trend of +0.54 ℃ decade−1, while TNn shows pronounced increasing 175 

in winter and spring, with trends of +0.59 ℃ decade−1 and +0.60 ℃ decade−1, 176 

respectively. The annual trends of TX90p and TN10p are +2.4% decade−1 and −2.4% 177 

decade−1, respectively (Fig. 3). Among the four seasons, TX90p shows a pronounced 178 

increasing in winter, with a trend of +2.8 % decade−1, while TN10p shows 179 

pronounced decreasing in summer and winter, with trends of −3.2 % decade−1 and 180 

−2.4% decade−1, respectively (Fig. 4). 181 

Comparing across different stations, there is a significant correlation between 182 

changes in extreme indices and the change in regional mean temperature (Fig. 5). 183 
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Changes in TXx, TNn and TX90p show a significant positive correlation with the 184 

change in regional mean temperature, with correlation coefficients of +0.67, +0.72 185 

and +0.94, respectively. Change in TN10p shows a significant negative correlation 186 

with a correlation coefficient of −0.92. This indicates that the greater amplitude of 187 

TP-wide mean warming, the stronger intensity (represented by TXx) and more 188 

frequent (represented by TX90p) the warm extremes, and the weaker the intensity 189 

(represented by TNn) and less frequent (represented by TN10p) the cold extremes. 190 

3.2 Elevation dependency of extreme temperature trends 191 

Fig. 6 shows that the trend of Tmax (1973–2018) is not significantly correlated with 192 

elevation, but that the trend of Tmin is. The trend of TX90p is not significantly 193 

correlated with elevation. However, trends in TXx/TN10p are significantly negatively 194 

correlated, and TNn positively correlated, with elevation. Elevation dependency in 195 

three (TNn, TX90p and TN10p) of these four indices is inconsistent with You et al. 196 

(2008b) during 1961–2005 as this earlier study showed no significant correlations 197 

with elevation. This may be because of the contrasting period of investigation (this 198 

study: 1973–2018 and You et al. (2008b): 1961–2005).  199 

To explore this inconsistency further, we analyze the evolution of the elevation 200 

dependency of the trends of the four extreme temperature indices using 17 201 

consecutive 30-year periods (representing a relatively stable climate state, World 202 

Meteorological Organization, 2007) using a sliding window over 1973–2018. Fig. 7 203 

shows the relationship between any elevation-dependency in trends of extreme 204 

temperatures for any one period (we call this R) and the regional mean temperature 205 
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trend and elevation-dependent snow depth trend. For each of the 17 periods the same 206 

124 weather stations with elevation> 2 km are used. It is shown that the amplitude of 207 

the regional mean warming (black line) is small in the early period, but gradually 208 

becomes larger as time advances. As regional mean warming strengthens, 209 

elevation-dependent TNn and TN10p trends (defined as R: right y axis) become more 210 

significant but in opposite directions (positive and negative elevation dependency 211 

respectively). The correlations between regional mean warming and 212 

elevation-dependency in TNn and TN10p trends are +0.88 (P<0.001) and −0.81 213 

(P<0.001), respectively (Fig. 7a). In contrast, elevation-dependent TXx and TX90p 214 

trends are very weakly correlated with the regional mean warming trend (Fig. 7b), 215 

which may be related to the insignificant elevation dependency of the daily 216 

maximum temperature trend during almost all the 17 periods except for 1978–2007 217 

(Fig. 8). 218 

Meanwhile, there is also a strong correlation between the elevation-dependent 219 

TNn and TN10p trends and elevation-dependent snow depth trend, with correlation 220 

coefficients of −0.91 (P<0.001) and +0.85 (P<0.001), respectively. Since snow 221 

mainly exists on the TP in the extended winter (October to May) (Guo et al., 2021a), 222 

to further verify impact of snow depth on elevation-dependent TNn and TN10p 223 

trends, we analyze the situation in winter (ONDJFMAM) and summer (JJAS) 224 

separately (Fig. 9). The results show that the strong correlation between 225 

elevation-dependent TNn and TN10p trends and the elevation-dependent snow depth 226 

trend exists in winter, but not in summer, confirming snow depth change as a main 227 
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driver of elevation-dependency in TNn and TN10p trends on the TP. 228 

In summary, in the early stages of warming, regional mean warming on the TP is 229 

small, snow ablation is confined to lower elevations or is not obvious, and 230 

elevation-dependent TNn and TN10p trends are not significant. As the regional mean 231 

warming strengthens, snow at higher elevations (4000–5000 m) melts and induces a 232 

steep elevation gradient in snow loss. Snow is known to reflect solar radiation during 233 

the day (albedo effect) but fresh snow cover also has high emissivity and encourages 234 

low minimum temperatures at night. Thus, enhanced snow loss at high elevations is 235 

consistent with elevation-dependent TNn and TN10p trends. In other words, regional 236 

mean warming of the TP determines the existence of elevation-dependent TNn and 237 

TN10p trends, with snow depth change at high altitudes acting as a bridge in the 238 

connection between them. 239 

4. Discussion 240 

Liu et al. (2009) in previous work showed that the rate of warming of Tmin 241 

(1961–2006) increased with elevation on the TP. This study confirms a similar result 242 

for the warming trend of Tmin from 1973–2018 (Fig. 6). Further analysis on the 243 

temporal evolution of any elevation-dependent Tmin trend shows that elevation 244 

dependency was insignificant in early years but more recently it has become 245 

significant (Fig. 8). Furthermore, there is a strong correlation between the evolving 246 

pattern of the elevational-dependent Tmin trend and regional mean warming; 247 

significant elevation-dependency in Tmin trends corresponds to advancing regional 248 
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mean warming. On the other hand, our work shows that elevation-dependency of 249 

Tmax warming trend is not significantly during 1973–2018 and during different 250 

evolutionary periods. This may be related to the fact that Tmax warming trend is 251 

weaker than that of Tmin anyway (Qin et al., 2009). Comparison between our study 252 

and previous work highlights apparent inconsistencies. For example, this study shows 253 

significant elevation-dependent TNn and TN10p trends, but You et al. (2008b) found 254 

insignificant elevation dependency in their analysis of the same extremes 255 

(1961–2005). Further analysis however may explain this apparent inconsistency since 256 

elevation dependency may change over time. When regional mean warming is strong 257 

in a certain period, elevation-dependent TNn and TN10p trends are significant, and 258 

vice versa. 259 

This study also shows that variable changes in snow depth with elevation play 260 

an important role in the connection between regional mean warming and 261 

elevation-dependent TNn and TN10p trends according to the strongly correlations 262 

between them. What are physical explanations? Guo et al. (2021a) demonstrated that 263 

large scale atmospheric forcing causes regional mean warming on the TP and the 264 

regional mean warming in turn cause decrease in snow depth at higher elevations. 265 

Fresh snow cover has high emissivity at night and encourages decrease in Tmin. 266 

Therefore, snow loss at high elevations results in rising Tmin and extreme low 267 

temperatures and then forms the elevation-dependent patterns of TNn and TN10p 268 

trends. In addition, the impact of snow change mainly occurs in winter when 269 

atmospheric stability is often high and boundary layer dynamical processes are weak 270 
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(Feng et al., 2012; Liu et al., 2021). This further encourages an accumulation (or 271 

absence) of near-surface atmospheric heat in a relatively shallow boundary layer and 272 

formation of extreme events. 273 

Although this study uses most of the available station observations, the results 274 

do not represent the western TP well due to an uneven distribution of stations, which 275 

is concentrated in eastern valleys. In the future, more observations and more reliable 276 

data are required, especially for the western TP. Satellite data have high resolution 277 

and a wide regional distribution and are potentially suitable for research on changes 278 

in temperature extremes in the TP region. However, a current limitation is sporadic 279 

cloud cover, which means satellite observations of surface temperature for example 280 

are intermittent and therefore possibly unsuitable for observing extremes (which may 281 

coincide with missing data). More work is required however to evaluate and calibrate 282 

satellite data to make them more useful in this regard and therefore to quantify 283 

climate change on the TP in the future. 284 

5. Conclusion 285 

This study reveals that both intensity and frequency of TP extreme warm events have 286 

increased over 1973–2018, accompanied by a decreasing intensity and frequency of 287 

extreme cold events. The changes in extreme events are closely related to the change 288 

in TP-wide regional mean temperature. Despite insignificant elevation dependency in 289 

trends of extreme high temperature indices, elevation dependency in trends of 290 

extreme low temperature indices (TNn and TN10p) are statistically significant, and 291 
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their evolution is mainly controlled by the decrease of snow depth at high altitudes 292 

caused by regional mean warming in the TP. The stronger intensity of regional mean 293 

warming, the more significant elevation dependency of trends in TNn and TN10p. 294 

These results help to explain the divergence of previous studies which have used data 295 

for different periods, and are critical for assessing ecosystem and water resource 296 

changes and related hazards on the TP in a warmer world. 297 
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 484 

Fig. 1. Location of study area (70–105°E; 25–41°N) and weather stations stratified 485 

by elevation (dots). 486 

 487 

 488 

 489 
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 490 

Fig. 2. Trends in annual mean and various extreme temperatures during 1973–2018. 491 

Panels are (a) Tave, (b) Tmax, (c) Tmin, (d) DTR, (e) TXx, (f) TNn, (g) TX90p and 492 

(h) TN10p. SSD represents the spatial standard deviation. Area-average represents 493 

the average of trend values over all 124 stations. White dots in the center of the 494 

station represent trends significant at p<0.05. 495 

 496 
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 497 

Fig. 3. Time series of annual mean/extreme temperatures averaged over all 124 498 

stations during 1973–2018. Panels are (a) Tave, (b) Tmax, (c) Tmin, (d) DTR, (e) 499 

TXx, (f) TNn, (g) TX90p and (h) TN10p. The trend in each panel represents linear 500 

gradient of the best fit line. Trends for all indices are significant at p<0.05 except 501 

DTR (p<0.10). 502 
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 511 

Fig. 4. Comparison of trends in annual and seasonal mean/extreme temperatures 512 

during 1973–2018. Trends for all indices pass the 95% significance level except DTR 513 

(annual mean, spring, autumn and winter). Definition of extreme indices is given in 514 

the text and in Table 1. 515 
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 523 

Fig. 5. The relationship between mean annual anomaly in selected extreme 524 

temperature indices and mean annual temperature anomaly (Tave) (both relative to 525 

1981–2000) averaged over all stations during 1973–2018. Panels are (a) TXx, (b) 526 

TNn, (c) TX90p and (d) TN10p. Relationships between anomalies are significant at 527 

p<0.05.  528 
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 535 

Fig. 6. Relationship between trends in extreme temperatures and elevation for all 124 536 

stations from 1973–2018. Panels are: (a) Tmax, (b) Tmin, (c) TXx, (d) TNn, (e) 537 

TX90p and (f) TN10p. r represents correlation coefficient and p represents 538 

significance. Relationships are significant at p<0.05 except for Tmax and TX90p. 539 
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 547 

Fig. 7. Panel (a): relationship between regional mean warming trend (black, left y 548 

axis), elevation-dependent extreme low temperature trends (represented by R, red for 549 

TNn, blue for TN10p, right y axis) and elevation-dependent snow depth trend 550 

(represented by R, green, right y axis) for different periods across selected 124 551 

weather stations with elevation > 2 km. Panel (b): relationship between regional 552 

mean warming trend (black, left y axis), elevation-dependent extreme high 553 

temperature trends (R, red for TXx, blue for TX90p, right y axis) and 554 

elevation-dependent snow depth trend (represented by R, green, right y axis) for 555 

different periods across selected 124 weather stations with elevation > 2 km. R 556 

represents the correlation coefficient between temperature extreme/snow depth trends 557 

and elevation (representing elevation dependency). r is the correlation coefficient 558 

between elevation-dependent extreme temperature trends (R) and regional mean 559 

warming trend or elevation-dependent snow depth trend. The two dashed horizontal 560 

black lines represent the critical R value (±0.17, right y axis) for significance at 561 

p<0.05. 562 
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 565 

Fig. 8. Relationship between regional mean warming trend (black, left y axis) and 566 

elevation-dependent Tmax and Tmin trends (represented by R, red for Tmax, blue for 567 

Tmin; right y axis) for annual mean (top panel), winter (October to May, middle 568 

panel), and summer (June to September, bottom panel) for different periods across 569 

selected 124 weather stations with elevation > 2 km. R is the correlation coefficient 570 

between Tmax/Tmin trends and elevation (representing the elevation dependency of 571 

Tmax and Tmin trends). r is the correlation coefficient between elevation-dependent 572 

Tmax/Tmin trends (R) and the regional mean warming trend. The two dashed 573 

horizontal black lines represent the critical R value (±0.17, right y axis) for 574 

significance at p<0.05. 575 
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 576 

Fig. 9. Relationship between regional mean warming trend (black, left y axis), 577 

elevation-dependent extreme low temperature trends (represented by R, red for TNn, 578 

blue for TN10p, right y axis) and elevation-dependent snow depth trends (represented 579 

by R, green, right y axis) for winter (October to May, top) and summer (June to 580 

September, bottom) for different periods across selected 124 weather stations with 581 

elevation > 2 km. R is the correlation coefficient between TNn/TN10p/snow depth 582 

trends and elevation (representing their elevation dependency). r is the correlation 583 

coefficient between elevation-dependent TNn/TN10p/snow depth trends (R) and the 584 

regional mean warming trend. The two dashed horizontal black lines represent the 585 

critical R value (±0.17, right y axis) for significance at p<0.05. 586 
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Table 1. Descriptions of the eight temperature indices selected for analysis. Values 587 

of the indices are determined at annual or seasonal scale, and the base period 588 

1981–2000 is used for determining TX90p and TN10p. 589 

Label Name Definition Units 

Tave daily mean temperature daily mean surface air temperature ℃ 

Tmax daily maximum temperature daily maximum surface air temperature ℃ 

Tmin daily minimum temperature daily minimum surface air temperature ℃ 

DTR diurnal temperature range difference between daily maximum and minimum 

temperature 
℃ 

TXx maximum daily maximum 

temperature 

maximum daily maximum surface air temperature ℃ 

TNn minimum daily minimum temperature minimum daily minimum surface air temperature ℃ 

TX90p warm days Percentage of days when daily maximum 

temperature > 90th percentile 
% 

TN10p cold nights Percentage of days when daily minimum 

temperature < 10th percentile 
% 

 590 
 591 

 592 

 593 

 594 

 595 

 596 

 597 

 598 

 599 



 33 

Supplementary materials for 600 

Tibetan Plateau temperature extreme changes and their 601 

elevation dependency: evidence from ground-based 602 

observations 603 

Keke Yang1,2, Donglin Guo2,3, Wei Hua1, Nick Pepin4, Kun Yang5, Duo Li6 604 

1Joint Laboratory of Climate and Environment Change, Chengdu University of 
Information Technology, Chengdu 610225, China 

2Nansen-Zhu International Research Centre, Institute of Atmospheric Physics, 
Chinese Academy of Sciences, Beijing 100029, China 

3 Key Laboratory of Meteorological Disaster, Ministry of Education/Collaborative 
Innovation Center on Forecast and Evaluation of Meteorological Disasters, 
Nanjing University of Information Science & Technology, Nanjing 210044, China 

4 School of Environment, Geography and Geosciences, Buckingham Building, Lion 
Terrace, University of Portsmouth, Portsmouth, PO1 3HE, UK 

5The Ministry of Education Key Laboratory for Earth System Modeling, 
Department of Earth System Science, Tsinghua University, Beijing 100084, China 

6National Climate Center, China Meteorological Administration, Beijing 100081, 
China 

 605 
 606 
 607 
 608 

Contents of this file 609 

Figures S1 to S3 610 

 611 
 612 



 34 

 613 

Fig. S1. Trends in seasonal mean/extreme temperatures (Tave, Tmax, Tmin and DTR) 614 

during 1973–2018. SSD represents the spatial standard deviation. Area-average 615 

represents the average of trend values over 124 stations. White dots in the center of 616 

the station represent trends significant at p<0.05. 617 
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 623 

Fig. S2. Trends in seasonal temperature extremes (TXx, TNn, TX90p and TN10p) 624 

during 1973–2018. SSD represents the spatial standard deviation. Area-average 625 

represents the average of trend value over 124 stations. White dots in the center of 626 

station represent the trend significant at p<0.05. 627 
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 640 

Fig. S3. Time series of seasonal mean/extreme temperatures (Tave, Tmax, Tmin, 641 

DTR, TXx, TNn, TX90p and TN10p) averaged over all 124 stations during 642 

1973–2018. Trend in each panel represents linear trend. Trends for all indices are 643 

significant at p<0.05 except DTR for Spring, Autumn and Winter. 644 
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