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Fig. 1 Latitude-height cross section for climatology of mass stream function in Winter (December, January, February) and in

Summer (June, July, August). Contour interval is 3% 10'%kg/s.
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Fig. 2 (a) Latitude-height cross section for climatology of mass stream function in DJF. Contour interval is 3x 10'kg/s. (b)

Annual values of Hadley cell strength index defined by Oort and Yienger(1996). Broken line shows its linear trend (kg/s/yr),

and “rc” is regression coefficient, and its significance level is also shown.
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Fig. 3 PC1 of anomaly from climatology. (a) Latitude-height cross section for the spatial pattern. Contour interval is 1x 10°

kg/s, and contribute rate is also shown. (b) Annual values of Time-coefficient for the PC1. Broken line shows its linear trend

and its significance level is also shown.
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Fig. 4 Annual values of width of upward region at S00hPa.
Blue line shows its linear trend (km/yr) , and “rc” exhibits

regression coefficient, and its significance level is also

shown (“L %” explains significance level is less than 90%).

Unit is km.
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Fig. 5 DJF climatology for local Hadley circulation averaged between Indian ocean region (40°E0 110°E). (a) Merid-
ional-vertical circulation pattern and ® trend (Pa/s/yr). Vector is described by using meridional wind and —100x®. Tone in-
terval is 1x10Pa/s/yr. (b) Trend of divergence of water vapor flux. Positive (negative) trend indicates divergence (conver-
gence) trend of water vapor flux. Contour interval is 0.5x10"° 1/s/yr. (c¢) Trend (line) and climatology (bar) of precipitation.
Left label shows climatology (mm/day), right label shows trend (107 mm/day/yr), and upper blue bar indicates region for
significance of trend exceeds 90%. (d) Trend (shade) and climatology (black broken line) of temperature. Contour interval is
10K and tone interval is 1x102K/yr. (a),(b),(d) Yellow line (broken line) indicates significance level of trend exceeds 90%
(95%).

(b)

30N

20N

10N

rr(/j;
e

44vs
dadyg

R o

f.i-y“,

e

=5 =45-4=35=3=25-<2=<15-=1=050 05 1 1.5 2 25 3 35 4 45 5

Fig. 6 Longitude-latitude cross section for the trend and climatology of SST and ygso in DJF. (a) Trend (shade) and climatol-
ogy (black broken line) of SST. Contour interval is 1K, tone interval is 0.5x10K/yr. (b) Trend (shade) and climatology
(black broken line) of ygso. Vector is climatology of divergence wind (m/s). Contour interval is 1x 10 m%/s and tone interval is
1x10* m%/s/yr.
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Fig. 7 Same as Fig.2 but for JJA.
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Fig. 8 Same as Fig.3 but for JJA.
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Fig. 9 Same as Fig.4 but for JJA.
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Fig. 10 Same as Fig.5 but for JJA.
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Fig. 11 Same as Fig.6 but for JJA.
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Fig. 12 Same as Fig.2 but for March.
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Fig. 13 Same as Fig.3 but for March.
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Fig. 14 Same as Fig.2 but for September.
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Fig. 16 Same as Fig.4 but for September.
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Fig.17 Same as Fig.5 but for September in Atlantic Ocean.
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Fig. 18 Trend of meridional wind in September. Tone in-

terval is 0.2 x 10™ Pa/s/yr and vector is climatology of

Hadley circulation(m/s).
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Analyses of Long-Term Trend of Hadley Circulation by Using the JRA-25 Reanalysis Dataset

Takeshi MASAKI, Tatsuya IWASHIMA and Hitoshi MUKOUGAWA

Synopsis

By using the monthly mean values of JRA-25 reanalysis dataset, produced by the Japan Meteorological
Agency, the years 1979-2006, we investigate long-term variation of the Hadley circulation in winter, summer,
March and September. The Hadley circulation has strengthening (weakening) trend in winter (summer), and has
strengthening (no clear) trend in March (September). Local Hadley circulation over the Indian Ocean is contrib-
uted to positive trend of Hadley circulation strength, and convergence trend of water vapor flux in lower tropo-
sphere is contributed to strengthening trend of upward motion in winter. For the rate of trend, upward motion
strengthens 38% and convergence of water vapor flux strengthens 48% and their correlation is 0.81.

Keywords: tropical atmosphere, Hadley circulation, local meridional circulation
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