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Long term variation of mean
temperature of troposphere

and lower stratosphere

Myoung Joo LEE

Department of Environmental Atmospheric Sciences,
Graduate school

Pukyong National University
Abstract

In this study, the global warming was described 1n terms of the
variation of the layer-mean temperature which 1s calculated by
hydrostatic equation. The warming trends of troposphere mean-
temperature detected in this study is, in general, in agreement with
the previous results for single level or surface.

it is found that the global mean—temperature increased about 0.74K
for 40 vyears in the troposphere. The tendency of increasing

mean-temperature was larger in the Southern hemisphere (1.1K/40yrs)



than in the Northern hemisphere (0.4K/40vrs). The warming trend
was much greater at the lower troposphere in the Northern
hemisphere rather than at the upper troposphere, but at the upper
troposphere in the case of Southern hemisphere.

The mean temperatures at the lower stratosphere decreased about
0.6K for the past 40years.

The increase of mean temperature is larger over the Pacific ocean
than over the continent. The warming trend over the South Pacific 1s
larger than over the North Pacific Ocean. It is found that temperature
anomaly was higher in the winter season than in the summer, which
result in the increase of the vearly-average temperature.

The Maximum lag-correlation between the monthly-mean
temperature and SOI (Southern Oscillation Index) was 0.67 in the
Equator Pacific Ocean. The linear trends of the 60~70's showed
different result from the 80's~90's and linear trends in the

troposphere during 80~90's are very small in the Southern

hemisphere.
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Fig. 3. The monthly variation of

thickness (left) and mean-
temperature (right) of the total troposphere (200~ 1000hPa)

over the northern hemisphere, the southern hemisphere and

the whole globe during 1960-1999.
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Table 1. Linear trend of thickness (gpm/40yrs) and mean-
temperature (degree/40yrs) of the total troposphere,
the upper and the lower troposphere over the
whole globe, the northern hemisphere, the southern
hemisphere, the northern hemisphere extratropics,
the tropics and the southern  hemisphere

extratropics.
thickness mean-temperature
{gpm/40yrs] [K/40yrs}
Globe_Total 35.27 (.7488
Globe_Upper 21.34 0.7958
Globe_Lower 13.93 0.6865
NH_Upper 7975 0.2974
SH_Upper 34.71 1.294
NH_Lower 10.48 0.5167
SH_lower 17.37 (.8563
NHE_Upper 7.336 0.2735
Tropics_Upper 9.166 0.3418
SHE__Upper 46.89 1.748
NHE_Lower 9.915 0.4887
Tropics_Lower 12.66 0.6243
SHE_Lower 19.14 0.9433
NH_Total 18.46 0.3518
SH_Total 52.08 1.106
NHE_Total 17.25 0.3662
Tropics_Total 21.83 0.4635
SHE_Total 66.02 1.402
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Table 2. As in Table 1. bur for the seasonal mean-temperature.
Unit is degree/40yrs.

spring summer autumn winter
Globe_Total 0.7024 0.789 0.7699 0.7610
Globe_Upper 0.7012 0.7908 0.8644 (0.8606
Globe_Lower 0.7040 0.7865 0.6449 0.6293
NH_Upper 0.1691 0.234 0.3579 0.4791
SH_Upper 1.233 1.348 1.371 1.242
NH_Lower 0.5163 0.5109 0.4974 0.5642
SH_Lower 0.8918 1.062 0.7925 0.6944
NHE_Upper 0.1351 0.2438 0.3456 0.4203
Tropics_Upper 0.2536 0.2314 0.3710 0.5581
SHE_Upper 1.691 1.868 1.851 1.587
NHE_Lower 0.4917 0.4743 0.4600 (0.5488
Tropics_Lower 0.6323 06329 0.5955 0.6590
SHE_Lower 0.9844 1.244 0.8767 0.6818
NH_Total 0.3186 0.3532 0.4180 05157
SH_Total 1.086 1.225 1.122 1.006
NHE_Total 0.2887 0.3431 0.3949 0.4756
Tropics_Total 0.4167 0.4043 0.4677 0.6016
SHE_Total 1.387 1.599 1.431 1.197
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Fig. 7. As in Fig. 4. but for temperature

anomalies of the lower stratosphere.
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Table 3. As in Table 1. but for the lower stratosphere.

thickness mean—-temperature
[gpm/40yrs] [K/40yrs]
Globe
~37.2019 -0.5520
stratosphere
NH
-60.4220 -0.8966
stratosphere
SH
-13.9824 -0.2075
stratosphere
NHE
-74.7692 -1.109%5
stratosphere
Tropics ~27.7013 -0.4110
stratosphere
SHE
-8.6365 -0.1282
stratosphere
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is degree/40yrs.

Table 4. As in Table 3. but for the seasonal mean-temperature. Unit

spring summer autumn winter
Globe
, ~0.6774 ~-0.7749 -0.4694 -0.2382
Stratosphere
NH
-0.7980 -1.1114 -(.9361 -0.6721
Stratosphere
SH
~0.5567 -0.4385 -0.0028 0.1957
Stratosphere
NHE
-0.9814 -1.1952 ~1.1620 -1.0026
Stratosphere
Tropics
-0.3824 -(.8830 -0.4152 0.05
Stratosphere
HE
N -0.6529 -0.2523 0.1718 0.2532
Stratosphere
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Fig 8 As in Fig 7. but for temperature anomalies of

the seasonal variation.
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Table 5. As in Table 1. but for the Eurasia continent, the

North Pacific and the South Pacific.

thickness mean-—-temperature
[gpm/40yrs] [K/40yrs]
Eurasia continent
1.511 0.03208
200 —1000hPa
Eurasia continent 7 471 0.9786
200 ~500hPa ’ )
Eurasia continent 8982 0.4498
500 ~ 1000hPa ‘ '
North Pacific
27.62 0.5863
200~ 1000hPa
North Pacific
19.21 0.7162
200 ~500hPa
North Pacific
8.409 0.4145
500 ~ 1000hPa
South Pacific
72.45 1.538
200~ 1000hPa
South Pacific
56.89 2121
200—~500hPa
South Pacific
1556 0.7668
500 ~1000hPa
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Eurasia continent North Pacific South Pacific
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Fig. 9. Linear trend in the interannual vanation of temperature
anomalies of the total troposphere (200~ 1000hPa), the
upper (200~500hPa) and the lower troposphere (500~
1000hPa) over the Eurasia continent, the North Pacific and
the South Pacific during 1960-1999.
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Fig. 10. As in Fig. 9 but for temperature anomalies of seasonal

{summer) variation.
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Fig. 11. Same as in Fig. 10 but for winter season.
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Table 6. As in Table 5. but for the seasonal mean-temperature. Unit is

degree/40yrs.
spring summer autumn winter
Eurasia continent | = _ .o 005207 | 006627 | 03748
200~ 1000hPa ' ' ' '
Eurasia continent
05958 -0.3859 0.1744 0.1027
200 ~500hPa
Eurasia continent
0.2935 0.3802 0.3845 0.7345
500~ 1000hPa
North Pacifi
orth Tacthic 0.4360 0.4900 0.6958 0.7192
200~ 1000hPa
North Pacifi
orth Pacific 0.6319 04937 0.7062 1.047
200~500hPa
m—
North Pacific 0.1771 0.4851 0.6820 0.2857
500~ 1000hPa
South Pacific 1507 1622 1517 1537
900 ~ 1000hPa
South Pacific 2.003 2278 2950 1.969
200 ~500hPa
SOUth PaCIfIC 0.85 Q.7551 0.5360 0.9673
500~ 1000hPa
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357 Bt} SOI (Southern Oscillation Index)¥ Tahiti®} Darwin Alo}e] ¥
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Fig. 13. Time variation of Southern Oscillation Index (SOI) since 1960s.
Positive and negative anomalies represent El Nino and La Nina,

respectively. Data from the internet(http://www.cru.uea.ac.uk/).

-34_



SOIst € HT gl X Be Fa= e geos g

1 7S - T
_ n—lad izgil(xi Ziag)( Viztd — Viat) (5 )

Ox (] O‘,Vum

Irx)’\lo.ﬂ

Rhekell lag>0=>+llagl, lag<0 =>—llagl. 22} 1 lagt -671QolA +67)
g7t Aot 12

\/ z:_gglai 1(x" = i)

O‘x.mz n_zuag‘ .

=
o 2
\/ s (Vitiiag — Yiiagt)

Drea™ n—2llag]
n—gzgi n#
p _ i@t —— e
) {lagl n—2|lag1 s Niag n—2|lag1 .

283 x= SOIE Jetdz, ye ¥4 23R 99 A8E Yehdo.
A7IA WY Ane dBT A=dAM 0d, 54, 109, 16¥, 204, 259 =
dyojA AN dHd AEE TIHL 22 dHold Y4BT AmA AW
71 AES W 4Hd ARE VEAAM SO HRAAYHE Tt SOl
o} 4T AFAole] HAAAATHLE Table 7.914 Vel 223 d2ls
ot glde dadel 2AslE AGH 2HD Ae HIFY AH9E Frletdq AA

- 35 -



Aae TEY. AAT doe diFE dAMAM 2d ool 03622 449
1094 AdEE Aoz eyt gz EuFodME Aqdes Hg Adi
AT Mgl 0322 vy, ST E SektRdg vud & 5749 59
ol AdHE 0MAER vyeiwdt dd AdeM: v 24 Ho qadD
ol 27H¥ 25U = °F 3MY AE AdEE 0555 veiwd. AwnAon gFA
stERTE dRd H3dAM 52 A48S BodFa Jo 18w Jx gH QG
dMe diFd HAAM i AQRo £ o 0672 ebET S0I9
BB dRdeld viAle 9% AHER2 ZAele glov, o 3N 57
4 Fo Yetve ez B4 Adgedd & F UMt aEn diTEogE
ERbgel mlale 7izbel o #Hou, AdE $ibUl o #e RAeF dehgy

e

_36_



Table 7. Maximum lag-correlation between the monthly-mean

temperature and SOI. Temperature anomaly lags the

SOL

region lag correlation

200~ 1000hPa 4AM 10D 0.35598

Globe 200~ 500hPa 4M 10D 0.35952

500~ 1000hPa 1M 00D 0.32803

200~ 1000hPa 1M 00D 0.30272

NH 200~ 500hPa 4M 00D 0.29724

500 ~1000hPa 1M 00D 0.29266

200~ 1000hPa 5M 05D 0.34498

SH 200— 500hPa SM 05D 0.34338

500~ 1000hPa 5M 05D 0.30808

200~ 1000hPa AM 00D 0.13294

NHE 200~ 500hPa 4M 00D 0.13006

500~ 1000hPa AM 05D 0.13091

200~ 1000hPa 2M 25D 0.55449

Tropics 200~ 500hPa Z2M 25D 0.55468

500~ 1000hPa 2M 25D 0.52350

200~ 1000hPa oM 05D 0.19863

SHE 200~ 500hPa 5M 05D 0.20325

500~ 1000hPa 5M 05D 0.15681

200~ 1000hPa 2M 25D 0.67008

Eg::};: 200~ 500hPa | 2M 25D 0.65963

500~ 1000hPa 2M 25D 0.66129
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Northern Hemisphere Extratropics
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Fig. 14. Distribution of the maximum and the minimum

thickness at the upper troposphere, at the
lower troposphere over the northern
hemisphere extratropics and at the southern
hemisphere extratropics. Unit is gpm[m].
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Table 8. Maximum lag-correlation between the upper level
and the lower level. Filtering by from 10-day to
1-year period and from 20-day to l-vear period.
Lag is 1/2 day.

Lag Lag_10day Lag_20day

NH 3.8 (0.99) 3.7 (0.99) 3.7 (0.99)
SH 7.6 (0.99) 75 (0.99) 7.5 (0.99)
NHE 3.8 (0.99) 3.8 (0.99) 3.8 (099
Tropics | 0.78 (0.85) 0.95 (0.85) 1.3 (0.86)
SHE 6.8 (0.97) 6.7 (0.99) 6.8 (0.99)
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Northern Hemisphere Extratropics
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Fig. 15. As in fig. 14. but for Distribution of the

maximum and the minimum thickness with

period from 20-day to 1-vear. Unit is

gpm[m].
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Fig. 16. Comparison of trend in 60~70's with 80~90's for the total
troposphere, the upper and the lower troposphere over the
whole globe, the two hemisphere, the northern hemisphere
extratropics, the tropics and the southern hemisphere

extratropics.

_45_



Table 9. Comparison of RMS in linear trend with mean(®,®) for the

total troposphere, the upper and the lower troposphere over the

whole globe, the two hemisphere, the northern hemisphere
extratropics, the tropics and the southern hemisphere
extratropics.
Linear trend | 60~70's (@) | 80~90's (®) |mean (®,®)
Globe_Total | 0.211012244 0.184985489 0.192814603 | 0.188900054
Globe_Upper | (0.251469284 0.216046751 0.216848865 | 0.216447800
Globe_Lower || 1.167969927 | 0.149043471 0.169095784 | 0.159069628
NH_Upper {0.271251321 0.252822489 0.233345270 | 0.243083879
SH_Upper r (0.271017641 | 0.191873208 0.220008969 | 0.205941081
NH_Lower 0.191607609 0.172767177 0.191492841 (.182130009
SH_Lower 0.183981046 0.137299865 0.158567980 | 0.147933930
NHE Upper | 0.264352679 | 0.240633056 0.222077549 | 0.231355309
Tropics_Upper}] 0.356938869 0.339513481 0.341367364 0.340440422
SHE_Upper 0.289691985 0.160934046 0.209381178 | 0.185157612
NHE_Lower } '0.202576280 0.166236252 0.209654823 0.187945545
Tropics_Lo'u' {0.235701755 0.227116734 0.224340305 0225728512
SHE_Lower 10.197907954 | 0.120594643 0.159250259 | 0.139922455
NH_Totad 0.232457235 0.215129182 0.210886121 0.213007659
SH_Total 10.225492477 | 0.162204295 0.187942564 | 0.175073430
NHE _Totad £0.229690671 | 0.201982304 0.210043982 | 0.206013143
Tropics_Tetall £0.302766919 0.290369898 0.288569689 | 0.289469779
SHE_Tokd .: 00.235755295 0.126961857 0.177779198 | 0.152370527
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Fig. 17. As in Fig. 16. but for the Eurasia continent, the North

Pacific and the South Pacific.
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