
 

 

 

 

 

 

 

 

EARLY ONLINE RELEASE 

This is a PDF of a manuscript that has been peer-reviewed 

and accepted for publication. As the article has not yet been 

formatted, copy edited or proofread, the final published 

version may be different from the early online release. 

 

This pre-publication manuscript may be downloaded, 

distributed and used under the provisions of the Creative 

Commons Attribution 4.0 International (CC BY 4.0) license. 

It may be cited using the DOI below. 

  

The DOI for this manuscript is  

DOI:10.2151/jmsj. 2018-032 

J-STAGE Advance published date: April 7th, 2018 

The final manuscript after publication will replace the 

preliminary version at the above DOI once it is available. 



1 
 

Impact of ENSO on the thermal condition over the Tibetan Plateau 1 

Yafei Wang*
1
 and Xiaoyu Xu

1,2
 2 

1. Chinese Academy of Meteorological Sciences 3 

2. Collaborative Innovation Center on Forecast and Evaluation of Meteorological 4 

Disasters, Nanjing University of Information Science & Technology 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

* Corresponding author:  19 

Dr. Yafei Wang 20 

Chinese Academy of Meteorological Sciences 21 

E-mail: yfwang@cma.gov.cn 22 

mailto:yfwang@


2 
 

Abstract 23 

The proposed study aims to examine the relation between the Tibetan Plateau (TP) 24 

thermal condition and El Niño and Southern Oscillation (ENSO). There were 25 

significantly positive correlations between the snow water equivalent (SWE) over the 26 

TP from November to next April and sea surface temperature (SST) in the Eastern 27 

Equatorial Pacific (EEP) in Novmber from 1987 to 2005. SST in EEP in November is 28 

most significantly correlated with the TP-SWE in next April, which suggests an 29 

accumulative effect of the ENSO on the TP snow cover. Although El Niño conditions 30 

could bring anomalous snowfall over the TP by generating a wave train entering the 31 

North African-Asian jet, it is questionable if this impact could change the thermal 32 

condition over the TP. There was almost no significant negative correlation between 33 

the SWE and TP surface temperature (representing the TP thermal condition) in winter. 34 

This suggests that the TP thermal condition hardly varies with the anomalous snowfall 35 

caused by this ENSO impact, despite some cooling effect of snowfall during the El 36 

Niño phase. On the contrary, preceding El Niño conditions tended to be associated 37 

with increasing TP surface temperature in May and there were significant positive 38 

correlations between SWE in April and TP surface temperature in May and June. 39 

ENSO might play a part in affecting TP thermal condition in a way that is quite 40 

different from the previous research. A plausible mechanism based on the relation of 41 

ENSO-TP thermal condition has been proposed. The mechanism explained the direct 42 

and indirect effects of ENSO on the TP thermal condition and role that the seasonal 43 

progress can play in this relation. The issues about snow cover aging and the impact 44 
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of global warming, among others, were also included in the mechanism. 45 

Key words: ENSO, Tibetan Plateau, Snow depth 46 

Running head: Impact of ENSO on the thermal condition over the Tibetan Plateau  47 
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 48 

1. Introduction 49 

Many studies have pointed out that the Tibetan Plateau (TP) could play a strong role 50 

in affecting the ambient and downstream weather conditions (Manabe and Terpstra 51 

1974, Murakami 1981, Hahn and Manabe 1975 etc.). The thermal effect of TP is 52 

especially important for the change of the downstream airflow, which could affect 53 

East Asian monsoon in early summer (Wang et al. 2011, Liu et al. 2007). Unlike the 54 

mechanical effect of the TP, the thermal effect has large interannual variation that 55 

could make different impacts in different years. Finding what can cause the thermal 56 

changes in the TP is crucial for the evaluation of its effect. Given an atmospheric 57 

stationary wave teleconnection mechanism, Shaman and Tziperman (2005, hereafter 58 

referred to as ST05) proposed an explanation about how the El Niño event in the 59 

wintertime could affect the TP snow depth, which may result in a change in south 60 

Asian monsoons from winter to summer. They argued that an El Niño might generate 61 

a barotropic wave train that first travels in the Northeastern hemisphere, is turned by a 62 

North American jet reflection, and the wave finally enters the North African-Asian jet. 63 

The wave propagation with the westerly jet resulted in anomalous increase of the 64 

vorticity and snow depth over TP in winter. According to their speculation, the TP 65 

snow depth may persist until summer, which might largely reduce the TP thermal 66 

effect, so that the ENSO could affect Asian summer monsoon as well. The 67 

teleconnection mechanism of the ST05 was convincing because it agreed with 68 

common alternative methods used to approach this phenomenon (i.e. wave tracing 69 
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and correlation analyses). In addition, their work has successfully linked the ENSO 70 

events to the discussions about causation of the Asian monsoon changes. However, 71 

their speculation about the persistence of the TP snowpack from winter to summer 72 

seems to remain questionable. This is because the historical snow depth data used in 73 

that study was too short, only ten years, to explain such a complex phenomenon. Note 74 

that the snow data has improved over the years by the same provider. On the other 75 

hand, according to the results of Cohen and Rind (1991), the large snow cover does 76 

not always play an essential role in decreasing surface temperature. Thus, the TP 77 

thermal effect would remain the same even if the ENSO brings anomalous snow 78 

cover to the TP, which would result in an opposite inference to the speculation of 79 

ST05. Since understanding the delayed impacts of ENSO on Asian summer 80 

monsoon’s variation through the TP thermal effect is of great importance, there is no 81 

doubt that a reexamination of this issue is necessary. The purposed study aims to 82 

reexamine the relation between ENSO and TP thermal condition initially proposed by 83 

ST05. We will finally propose a plausible mechanism about the ENSO impact on the 84 

TP thermal condition. 85 

2. Data 86 

2.1.Snow water equivalent (SWE) data 87 

This study uses SWE data rather than snow depth, since it represents snow depth and 88 

many studies have pointed out that the snow volume or depth is better than snow 89 

cover at expressing the capacity affecting the overlying airflow (Barnett et al. 1989, 90 

Kripalani and Kulkarni 1999, Ye and Bao 2001). The global SWE data is derived 91 
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from Scanning Multichannel Microwave Radiometer and selected Special Sensor 92 

Microwave/Imagers (SSM/I) obtained from the National snow and ice data center. 93 

The entire period of the data available was from 1978 to 2007 (Takala et al. 2011). 94 

However, NSIDC reported a sensor break from July to August 1987, which has a clear 95 

difference between the two months, so we chose to use the longest and most improved 96 

SWE monthly data from August 1987 to May 2007. The horizontal resolution is 25 × 97 

25 km. 98 

2.2.Sea surface temperature (SST) data 99 

The SST data averaged over the Niño-3 region (5°N–5°S, 150°–90°W) was the index 100 

of ENSO (SST3) used for this study (Kaplan et al. 1998). The National Oceanic and 101 

Atmospheric Administration Extended Reconstructed monthly SST V3b on a 2 102 

latitude /longitude grid from 1987 to 2006 was used. 103 

2.3.NCEP/NCAR reanalysis data 104 

The National Centers for Environmental Prediction (NCEP)/National Center for 105 

Atmospheric Research (NCAR) global atmospheric reanalysis dataset is the primary 106 

dataset used in this study (Kalnay et al. 1996). Specifically, the monthly 500-hPa 107 

geopotential heights (hgt500, 1988-2006)) and 200-hPa relative vorticity (1963-2013) 108 

on a 2.5 latitude/longitude grid were used here. 109 

2.4.Outgoing longwave radiation (OLR) 110 

National Oceanic and Atmospheric Administration’s monthly OLR on a 1 111 

latitude/longitude grid from 1988 to 2006 were used here (Li 2014). The original data 112 

source can be found at the following URL: 113 
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https://www.esrl.noaa.gov/psd/data/gridded/data.olrcdr.interp.html 114 

2.5.TP surface temperature (TP-Ts) 115 

Monthly surface air temperature for 75 stations located in the eastern TP for the years 116 

1987–2006 were used (Fig. 1), which was provided by Atmospheric-Scientific 117 

Information Department of Chinese Academy of Meteorological Sciences. Since 118 

higher SWE values were mainly distributed in the eastern part of the TP, comparing 119 

the stations’ temperature data to snow depth is adequate for this analysis. The thermal 120 

condition over the TP generally means how much the quantity of heat over the TP can 121 

be retained. The surface air temperature on the TP would be a useful index that can 122 

roughly measure the TP thermal condition in an easy way. Note that the higher SWE 123 

values also existed in the western and southern edges of the TP, which may exist due 124 

to the effect of the raised mountains in situ where dominating southwesterly winds 125 

with rich water vapor. Interestingly, there was less SWE in central TP (i.e., the 126 

highest area as shown in Fig. 1b). This study only focuses on studying the regional 127 

TP-SWE and TP-Ts. 128 

3. A case in 1998 129 

A specific case is studied to understand how the elements over the TP evolve with an 130 

El Niño phenomenon. The El Niño event in 1997 is one of the strongest on record, 131 

and its mature period began from September 1998 as pointed out by Wang et al. 132 

(2001). The positive SWE anomalies strongly reached the top in January 1998, and 133 

then sharply dropped below zero in May 1998 forming the parabolic shape, as shown 134 

in Fig. 2. The SWE during this winter is the largest in the history on record. On the 135 
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other hand, the TP-Ts generally kept lower values from November, 1997 to March 136 

1998, except for a temporal increase in February 1998 when either snowfall or rainfall 137 

may occur with a storm system. The cooling effect of SWE appeared obvious. Note 138 

that the SWE did not drop as fast as the temperature increased in the spring of 1998, 139 

which implies that melting might not be the only cause of the increase in TP 140 

temperature. The OLR values can generally detect the height of the cloud top. Thus, 141 

negative OLR anomalies mean that the cloudy or wet weather in situ and vice versa. 142 

Although, quite low OLR value on the surface of the TP can also be seen from winter 143 

to spring in the case of 1979 (Yanai et at. 1992). Lower OLR appeared in TP in 144 

January and March, whereas the opposite signs were found in situ in other months 145 

(Fig. 3). The months with positive OLR anomalies over the TP coincide with those of 146 

positive geopotential height anomalies over the TP (Fig. 4), which suggest that the 147 

situation of the high pressure covering the TP results in sunshine weather conditions 148 

in situ. Note that the large SWE in February was associated with a warmer TP, as 149 

shown in Fig. 2. This phenomenon implies that the snowpack that was melting does 150 

not always play a role in cooling the overlying air, which coincides with the study by 151 

Cohen and Rind (1991). 152 

4. Correlation analysis 153 

Figure 5 displays the correlation between SST in November and SWE averaged over 154 

the area of 27.5–37.5°N, 90–104°E from November to next June in 1987–2006. To 155 

estimate a delayed impact of ENSO on the TP weather, we regard November as the 156 

month when the ENSO events tends to mature, which followed the definition adopted 157 
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by Wang and Lupo (2009). Thus, an ENSO-like distribution would mean a significant 158 

correlation area distributed in Eastern Equatorial Pacific (EEP), as shown in Figs. 159 

5a–5f. The significantly positive correlation areas in situ imply that an El Niño (La 160 

Niña) event is closely associated with an increase (decrease) of the TP snowpack from 161 

winter to middle spring. The detailed calculation shows that the lag correlation 162 

between SST3 in November and TP-SWE in next April reached a high R of 0.66. 163 

However, there was no such a relation after April, which does not support the 164 

speculation of ST05 who suggested that the effect of El Niño on the TP snow depth 165 

might persist until summer. Table 1 shows the monthly lag autocorrelations of 166 

TP-SWE. Interestingly, all the significantly positive autocorrelations with 99% 167 

confidence level stop at April. The longest positive autocorrelation staying significant 168 

was from November to next April. This phenomenon implies that snow depth 169 

accumulated over the TP during autumn and winter could sustain itself only until 170 

April. After this month, the autocorrelation decreases rapidly since the TP snow cover 171 

tends to melt with the advent of the warmer season. This correlation result did not 172 

coincide with that of ST05 as well (see Table 1 of ST05). Note that, although the best 173 

correlation between SST3 in November and SWE happened in April, it does not mean 174 

that the previous ENSO condition could result in an anomalous snowfall in April. This 175 

is because the impact of the ENSO on the storm track or the westerly jet that passes 176 

through the TP, which was mentioned by ST05, tends to occur only during the mature 177 

time of the ENSO. We have produced the relative vorticity composite maps similar to 178 

ST05’s Fig. 5, except on a monthly timescale (Fig. 6). The figure shows that the 179 
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positive vorticity belt that represents the storm track across the TP is significantly 180 

stronger from September to next February and stopped in March, which coincided 181 

with the figures demonstrated by ST05. Note that the significant positive vorticity 182 

reappeared in quite smaller areas around the TP in June. Since SWE is a measurement 183 

for the deposit of the snowfall, the best correlation in April would be a reflection of 184 

the accumulative effect of the ENSO. However, since the vorticity over the TP tended 185 

to be neutral or even negative in April to May, the different circulation from before 186 

dominating over the TP might be considered as an indirectly delayed ENSO effect. 187 

Figure 7 shows the correlation between SST in the Pacific Ocean in November and 188 

the TP-Ts from November to next June in 1987–2005, which could display if a change 189 

of the thermal condition over the TP can be caused by the anomalous snowfall ENSO 190 

brought. However, the distributions of the correlations were different from those in 191 

Fig. 5. Note that the variable (TP-Ts) introduced in this study compensates for the 192 

lack of direct measurement of the TP thermal condition in ST05. If the snowpack 193 

could affect the TP thermal condition, there should be significant negative correlation 194 

areas in EEP during the wintertime. We found only small areas of the significantly 195 

negative correlation in EEP in December (Fig. 7b). This situation is reconfirmed in 196 

Table 2, in which all of the correlations did not appear negatively significant although 197 

some negative values existed from autumn to winter, e.g., the maximum negative one 198 

between SST3 in November and Ts in November (−0.28). This implies that even if the 199 

effect exists, the impact of the snowpack on the TP thermal condition is quite weak. A 200 

largely increasing trend was found in TP-Ts historical records, especially in winter, 201 
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which is known as the effect of global warming (Wang et al. 2011). After a detrending 202 

process was applied to the TP-Ts used in Fig. 7, the images of the correlation 203 

remained the same in comparison with those in Fig. 7, except for the expansion of the 204 

significant negative correlation area in EEP regarding December’s calculation (figure 205 

omitted). This implies that the effect of global warming on the TP thermal condition 206 

might play a role in reducing the cooling effect from El Niño, especially in December, 207 

although we do not intend to estimate the global warming effect by using the less 208 

accurate calculation method here. This can also explain why the cooling or warming 209 

effect of ENSO on the TP air as mentioned by ST05 appeared weak. On the other 210 

hand, the ENSO-like distribution of the positive correlations appeared in April and 211 

more significantly in May, which coincided with the values in Table 2. The SST3 in 212 

November appeared well positively correlated with the TP surface air temperature in 213 

April and May (Table 2 and Fig. 8). In particular, the positive correlation coefficient 214 

between SST3 in November and TP-Ts in May reached 0.48 that was beyond the 95% 215 

confidence level (Table 2). Although there was no significant correlation between 216 

SST3 in November and TP-SWE in next May and June, we found significant positive 217 

correlations between the TP-SWE in April and TP-Ts in May and June (Table 3). 218 

Since the TP-SWE in April was well correlated with the preceding SST3 in November 219 

too, it is more difficult to exclude the possibility that there may be some causality 220 

between the preceding ENSO event and thermal condition over the TP in May and 221 

June. 222 

5. Composite analysis 223 
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Figure 9 (or 10) shows the composite of the Ts anomalies in all of TP stations from 224 

January to June for the years when the anomaly of the SST3 in preceding November 225 

was beyond 0.8 K (or under −0.8 K), which was associated with the mature phase of 226 

the El Niño (or La Niña). As expected, the cold Ts circles tended to occur in TP from 227 

January to March in Figs. 9a–c while the opposite sign for the same months tended to 228 

appear in Figs. 10a–c. This suggested that the mature phase of El Niño (La Niña) 229 

tends to be associated with cold (warm) TP from January to March, which coincides 230 

with the results of the case in 1998. However, there were also some warm (cold) 231 

circles in Figs. 9a-c (Figs. 10a−c), which could explain why the negative correlations 232 

in Table 2 were not significant. This is further discussed in Section 6. On the other 233 

hand, the warm Ts circles dominated from April to June in Figs. 9d−f, whereas the 234 

warm and cold Ts circles mixed for the same months in Figs. 10d-f. In addition, there 235 

were quite a number of filled warm Ts circles in May and June in Figs. 9e−f. 236 

Although there were strong correlations between SST3 in November and Ts in May to 237 

June as shown in Table 2, the unbalanced images between the two sets of the 238 

composites exist. This suggests that warmer air over the TP from late spring to early 239 

summer tends to be associated with a preceding mature phase of the El Niño, whereas 240 

the opposite situation is difficult to appear during a decayed La Niña stage. These 241 

correlations suggest that the previous El Niño might play a delayed role in increasing 242 

the TP’s thermal condition during that period. Note that we did not take into account 243 

the potential effect of Indian Ocean warming on Asian monsoon as mentioned by Lau 244 

et al. (2005) and Park et al. (2010) due to the less significant effect than that of ENSO. 245 
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To explore why the thermal condition from spring to early summer tended to increase 246 

with previous high SST3, we produced Fig. 11 that shows the respective composite of 247 

OLR and hgt500 anomalies from April to June when the anomaly of the SST3 in 248 

preceding November is beyond 0.8 K. Positive OLR anomalies covered most parts of 249 

the TP in May and June, while nearly neutral ones occurred over the TP in April. The 250 

hgt500 anomalies that occupied the TP during the three months appeared neutral or 251 

weakly positive, which indicates that neutral to positive hgt500 anomalies accompany 252 

few clouds of weather over the TP. This situation roughly coincides with the case 253 

study in 1998 in section 3, which indicated that the sunshine weather with high 254 

hgt500 resulted in an increase of TP-Ts in spring to early summer. On the other hand, 255 

an inconspicuous wave train-like pattern with southwest-northeast direction across the 256 

TP appeared in June (Fig. 11e), which was passing the area of significant positive 257 

vorticity in June (Fig. 6j). This is consistent with the research of Wang et al. (2011) 258 

who found that anomalous warm TP in June tended to generate northeastward Rossby 259 

wave propagation with a similar wave-train structure, as seen in Fig. 11e. Incidentally, 260 

the climatic position of the westerly jet has largely shifted northward in June. This 261 

phenomenon needs to be further studied in the future. 262 

6. Summary and discussion 263 

The results are summarized as follows: 264 

(1) Using the new and longer period of snow data, we find that there are significant 265 

positive correlations between the TP-SWE from November to next April and the SST 266 

in EEP in November. This confirms that the ENSO event could affect the TP snow 267 
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depth through the wave propagation, as pointed out by ST05. The significant positive 268 

vorticity belt across TP, which represents ENSO generating Rossby wave propagation, 269 

was changed into neutral or negative ones around March (Fig. 6). This should have an 270 

indirect effect of ENSO on the TP weather. 271 

(2) The lag autocorrelations of the TP-SWE indicated that the snow depth could only 272 

persist from November to next April. The persistence period was much shorter than 273 

the previous calculations in ST05. 274 

(3) There was no significant negative correlation between the ENSO signal and TP-Ts 275 

from winter to March (Fig. 7, Table 2), although the composite maps did not deny the 276 

possibility of their linkage (Figs. 9 and 10). On the other hand, high SST3 during the 277 

mature period of El Niño appeared to be more closely associated with high TP-Ts in 278 

the next late spring, even extending to June, not vice versa. 279 

Here we discuss the issue about the complex mechanism of the relation of ENSO-TP 280 

thermal condition in detail as follows: 281 

We have confirmed that the El Niño is closely associated with an increase of the TP 282 

snow depth in winter as pointed out by ST05. However, the persistent time of the 283 

SWE was much shorter than that calculated by ST05, as shown in Table 1. This 284 

implies that if there were large snowfalls in winter, the large snow depth created by 285 

the snowfall would be gone or aged after April. The cooling effect by the snow depth 286 

in winter, as mentioned by ST05, cannot keep until next summer. In fact, we did not 287 

find significant negative correlation between TP-SWE and TP-Ts in winter and spring 288 

(table omitted). Although Table 2 showed less correlation between SST3 and TP-Ts 289 
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from November to March, the composites in Figs. 9 and 10 indicate that the high (low) 290 

SST3 tended to be associated with a cold (warm) TP-Ts. This suggests that some 291 

strong ENSO condition, e.g., case in 1997–1998, may result in cooling or heating of 292 

the TP air through the barotropic wave-train propagations that bring more or less 293 

snow depth as mentioned by ST05. However, the delayed cooling or warming effect 294 

of ENSO may not be as strong as what ST05 pointed out. The rapid decrease of TP-Ts 295 

in winter of 1997–98 was majorly due to the fast increase in SWE that was generated 296 

by the super-strong El Niño. Note that only this single case could account for quite a 297 

proportion in the composite maps (Figs. 9a and 9c), whereas more samples with 298 

opposite signs to this case accounted for smaller proportions in the maps, which was 299 

the result of a comprehensive examination. This could be the reason why the 300 

inconsistency between correlation and composite analysis exist in winter to early 301 

spring. Nevertheless, although the situation in 1998 does not occur frequently, we 302 

cannot deny the cooling effect of a strong El Niño. The mechanism of the ENSO 303 

affecting the TP thermal condition and Asian summer monsoon, as suggested by ST05, 304 

would need to be reconstructed. 305 

There were significantly positive correlations between SST3 in November and TP-Ts 306 

in next May (Table 2). This table together with the unbalanced images in Figs 9 and 307 

10 suggest that a maturing El Niño event might tend to accompany a warm TP in the 308 

following late spring, which is the opposite result of what ST05 has estimated. In 309 

addition, there was significant positive correlation between SWE in April and TP-Ts 310 

in May and June (Table 3), which seems to display some connection between snow 311 
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depth and thermal condition over the TP. Referring back to Table 1, we can find that 312 

almost none of the significant autocorrelations of the TP-SWE could keep beyond 313 

April, which indicates that the snow depth tends to melt easily with seasonal 314 

temperature increases after April. Thus, if the snow cover in TP exists in April, it 315 

should be easily aging and barely keep. Such a snow cover cannot play any role in 316 

cooling air temperature over the TP effectively no matter how thick it is, as pointed 317 

out by Cohen and Rind (1991). The case in 1997–98 is a good example for this 318 

explanation. Although the SWE anomalies in TP were at high levels of 14.78 mm in 319 

April, the TP-Ts anomalies increased to 1.79 K, as shown in Fig. 2. The lower TP-Ts 320 

during the colder period from November 1997 to March 1998 appeared to be a 321 

cooling result of the high SWE over the TP. Thus, the relatively lower ambient 322 

temperature of the TP might be the key point in enhancing the cooling effect. Note 323 

that the large SWE in the colder months should be considered as a response to the 324 

wave-train propagation generated by the ENSO event as explained by ST05. In fact, 325 

the negative hgt500 anomalies over the TP in January and March in 1998 indicate a 326 

weather situation that tends to produce more snowfall in situ (Fig. 4), which suggests 327 

that the storm track through the TP was enhanced by the propagation of the wave train 328 

in the ENSO phase. This situation could cause negative OLR anomalies in the TP, as 329 

shown in Fig. 3, which accompanied anomalous precipitation (i.e., snowfall) in situ 330 

(figure omitted). Thus, the direct impact of the ENSO on the TP thermal condition in 331 

1997–98 would be as follows: (1) wave train generated by ENSO enhanced the 332 

storm track extending over the TP area, (2) this created the situation that the low 333 
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pressure system dominated in the TP, (3) cloudy and snowfall weather conditions 334 

occurred frequently, and (4) the much deeper snow depth could play a role in cooling 335 

the TP air effectively during winter. Note that if the snow depth was not deep enough, 336 

the cooling effect in winter may not appear. This is because the simultaneously 337 

negative correlation between TP-SWE and TP-Ts were less significant in winter and 338 

spring. 339 

On the other hand, since TP-Ts in May and June were significantly correlated with 340 

SWE in April, as shown in Table 3, there is an indirect impact of the ENSO on the 341 

thermal condition. This implies that the increasing snow depth over the TP in April 342 

tends to be associated with warmer conditions in the next two months, which was not 343 

in agreement with result of ST05. A good example is the case in 1997–98, which 344 

showed a corresponding evolution for TP-Ts and TP-SWE. Although the SWE 345 

anomaly in April was the highest (about 14.78 mm) in the history, the TP-Ts 346 

anomalies largely increased above 1.5 K in April and remained at the high level in 347 

May and June, as shown in Fig. 2. The high SWE in April obviously played little role 348 

in cooling the TP air as the curve of SWE dramatically decreased from 29.14 mm to 349 

14.78 mm, as seen in Fig. 2. This quick decrease in the SWE is evidence that the TP 350 

snow cover in April was greatly aged when the air temperature began to raise largely 351 

in the middle latitude regions of the Northern Hemisphere. Although further 352 

confirmation is necessary, the abundance of snow water in the plateau soils in April 353 

might more easily release the retaining heat to the TP air when warmer seasons 354 

approach, which may be one of the reasons why the TP temperatures will be higher 355 
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than normal in May to June in this case. On the other hand, in 1998, positive OLR 356 

anomalies covered the TP from April to June (Fig. 2). Meanwhile, the positive hgt500 357 

anomalies almost dominated over the TP during these months. Above evidence 358 

suggests that the cloudless days, which the higher hgt500 brought during the period 359 

from April to May, would mainly be responsible for the higher air temperature over 360 

TP. Note that the negative hgt500 anomaly is representative of the active westerly jet 361 

dominating around the TP in January and March. Thus, the positive hgt500 anomalies 362 

from April to June 1998 (Fig. 4) would show an inactive one. The composite maps in 363 

Fig. 6 show a similar trend, in which the positive vorticity belt across the TP tend to 364 

be neutral or even negative from March to May. This implies that after persistence of 365 

the active phase of the westerly jet during a long period, the opposite or neutral phases 366 

of that occur. This phenomenon is also in line with the objective laws of nature. In 367 

particular, the timescale of variation in the atmosphere is much shorter than that in 368 

ocean. Thus, the ENSO generating anomalous state of circulation over the TP could 369 

only keep until February or March. Other calculations (Tables 2 and 3, Figs. 9, 10, 370 

and 11) support this view as well. Note that this phenomenon was accompanied by a 371 

slightly northward shift of westerly jet position with the seasonal progress. In this 372 

sense, some increased TP thermal condition from spring to early summer might result 373 

from the indirect impact of the previous El Niño event. In spite there being less 374 

correlation between SWE and TP-Ts, the cooling effect to the TP air may be possible 375 

and could even continue to March as long as the deposit of fresh snowfall increases 376 

large enough. The TP-Ts would increase when the TP weather improves from April to 377 
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June since the storm track over the TP has not been active without the presence of the 378 

direct impact of El Niño. Opposite processes may occur in case of a La Niña event. It 379 

is not exactly opposite, however, because the unbalanced images existed (Figs. 9 and 380 

10). This mechanism needs to be further studies in the future. 381 
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Table and figure captions: 442 

Table 1 Monthly lag autocorrelations of SWE averaged over the area of 27.5–37.5°N, 443 

75–104°E. Bold digits (bold asterisks) were statistically significant at the 95% 444 

(99%) confidence level. 445 

Table 2 The correlation between SST3 in November and TP-Ts from November to 446 

next August. Italic (bold) digits were statistically significant at the 90% (95%) 447 

confidence level. 448 

Table 3 The correlation coefficients between SWE averaged over the area of 449 

27.5–37.5°N, 90–104°E in April and TP-Ts from April to August. Bold (bold 450 

asterisks) digits were statistically significant at the 95% (99%) confidence level. 451 

 452 

Fig. 1 The locations of the TP station (circles) and the altitude (shaded areas, left a), 453 

the climatological SWE value (shaded areas, unit: mm, right b). The opened 454 

circles are the ones west of the 90°E. We only used TP-Ts data in the 75 stations 455 

to the east of the 90°E. 456 

Fig.2 Evolution of the anomalies of the SWE (90–104°E, 27.5–37.5°N) and surface 457 

temperature in the TP from November in 1997 to the next August. The left 458 

(right) y-coordinate indicates scale K for the surface temperature (scale mm for 459 

SWE). 460 

Fig. 3 The OLR anomalies from January to June 1998 (Wm
−2

). Bold/dashed line 461 

indicates the topography height above 3000 meters in TP. 462 

Fig. 4 500-hPa geopotential height anomalies from January to June in 1998 (gpm). 463 
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Fig. 5 The correlations between SWE (90–104°E, 27.5–37.5°N) from November to 464 

next June and the SST in the November (1987–2005). Shaded areas indicate the 465 

confidence level over 95%. The contour interval is 0.2. 466 

Fig. 6 200-hPa relative vorticity composite maps based on El Niño minus La Niña 467 

event years from September to next August. Shaded areas indicate the regions 468 

beyond the 95% confidence level. 469 

Fig. 7 The correlation between SST in previous November and TP surface 470 

temperature from November to next June. 471 

Fig. 8 The evolutions of TP-Ts (left y-coordinate) in April and SST3 in preceding 472 

November (right y-coordinate). The unit is ºC. 473 

Fig. 9 The composite for Ts anomaly circles when the anomaly of the SST3 anomaly 474 

in preceding November was beyond 0.8K. 475 

Fig. 10 The composite for Ts anomaly circles when the anomaly of the SST3 anomaly 476 

in preceding November was below −0.8K. 477 

Fig. 11 The composite for 500-hPa geopotential height anomalies (gpm) and OLR 478 

(Wm
−2

) in April (a, b), May (c, d), and June (e, f) when the anomaly of the 479 

SST3 in preceding November was beyond 0.8K. 480 

481 
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Table 1 Monthly lag autocorrelations of SWE averaged over the area of 27.5–37.5°N, 482 

75–104°E. Bold digits (bold asterisks) were statistically significant at the 95% (99%) 483 

confidence level. 484 

 485 

Table 2 The correlation between SST3 in November and TP-Ts from November to 486 

next August. Italic (bold) digits were statistically significant at the 90% (95%) 487 

confidence level. 488 

 489 

 Nov  Dec  Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  

Nov  1.00  0.87*  0.79*  0.77*  0.77*  0.52  0.30  -0.10  -0.14  -0.13  

Dec   1.00  0.87*  0.76*  0.87*  0.59*  0.21  0.07  0.00  -0.07  

Jan    1.00  0.84*  0.80*  0.60*  0.24  0.16  0.12  0.00  

Feb     1.00  0.71*  0.65*  0.25  0.19  0.25  0.04  

Mar      1.00  0.77*  0.48  -0.06  -0.13  -0.11  

Apr       1.00  0.39  -0.11  -0.08  -0.01  

May        1.00  0.19  -0.04  -0.10  

Jun         1.00  0.75*  0.24  

Jul          1.00  0.33  

Aug           1.00  
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Table 3 The correlation coefficients between SWE averaged over the area of 490 

27.5–37.5°N, 90–104°E in April and TP-Ts from April to August. Bold (bold asterisks) 491 

digits were statistically significant at the 95% (99%) confidence level. 492 

 493 

 494 

 495 

 496 

 497 

 498 

 499 

 500 

 501 

 502 

 Ts-Nov Ts-Dec Ts-Jan Ts-Feb Ts-Mar Ts-Apr Ts-May Ts-Jun Ts-Jul Ts-Aug 

SST3-Nov -0.28 -0.21 -0.15 -0.09 -0.13 0.43 0.48 0.37 -0.40 -0.22 

 Ts-Apr Ts-May Ts-Jun Ts-Jul Ts-Aug 

TP-SWE 0.27 0.71* 0.48 0.15 -0.19 
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 503 

 504 

Fig. 1 The locations of the TP station (circles) and the altitude (shaded areas, left a), 505 

the climatological SWE value (shaded areas, unit: mm, right b). The opened circles 506 

are the ones west of the 90°E. We only used TP-Ts data in the 75 stations to the east of 507 

the 90°E.  508 
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 509 

Fig.2 Evolution of the anomalies of the SWE (90–104°E, 27.5–37.5°N) and surface 510 

temperature in the TP from November in 1997 to the next August. The left (right) 511 

y-coordinate indicates scale K for the surface temperature (scale mm for SWE).   512 
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 513 

Fig. 3 The OLR anomalies from January to June 1998 (Wm
−2

). Bold/dashed line 514 

indicates the topography height above 3000 meters in TP. 515 

 516 

  517 
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 518 

Fig. 4 500-hPa geopotential height anomalies from January to June in 1998 (gpm). 519 

 520 

 521 

  522 
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 523 

 524 

Fig. 5 The correlations between SWE (90–104°E, 27.5–37.5°N) from November to 525 

next June and the SST in the November (1987–2005). Shaded areas indicate the 526 

confidence level over 95%. The contour interval is 0.2. 527 

  528 
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 529 

Fig. 6 200-hPa relative vorticity composite maps based on El Niño minus La Niña 530 

event years from September to next August. Shaded areas indicate the regions beyond 531 

the 95% confidence level. 532 

 533 

  534 
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 535 

 536 

Fig. 7 The correlation between SST in previous November and TP surface 537 

temperature from November to next June.   538 

  539 
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 540 

 541 

Fig. 8 The evolutions of TP-Ts (left y-coordinate) in April and SST3 in preceding 542 

November (right y-coordinate). The unit is ºC.   543 
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 544 

 545 

 546 

 547 

Fig. 9 The composite for Ts anomaly circles when the anomaly of the SST3 anomaly 548 

in preceding November was beyond 0.8K. 549 

  550 
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 551 

 552 

Fig. 10 The composite for Ts anomaly circles when the anomaly of the SST3 anomaly 553 

in preceding November was below −0.8K. 554 

  555 
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 556 

 557 

Fig. 11 The composite for 500-hPa geopotential height anomalies (gpm) and OLR 558 

(Wm
−2

) in April (a, b), May (c, d), and June (e, f) when the anomaly of the SST3 in 559 

preceding November was beyond 0.8K. 560 


