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Extended Abstract

Introduction

The Hadley circulation is a key element of
the global weather and climate systems,
responsible for the energy, angular
momentum and moisture transport from the
equatorial region to the poleward of both
hemispheres.  Although a circulation
consisting of Hadley circulation extending
from the equator to the pole in each
hemisphere is mathematically possible - in
the sense that such a circulation would not
violate the laws of physics - the observed
Hadley circulation is confined to the
tropics. So in three-cell model of the
atmospheric circulation in the second half
of the 19th century, in each hemisphere
were defined Hadley, Ferrel, and Polar cells
in which air circulates through the entire
depth of the troposphere.

Hadley cell is a large-scale thermally driven
enclosed atmospheric circulation over
tropics, with warmer air rising around the
equator and cooler air sinking over
subtropics of both hemispheres. This deep
convection circulation is characterized by
ascending motions of warm and moist air
converging near the equator, followed by
poleward flows in the upper troposphere in
both hemispheres, which descend over the
dry subtropics and return equatorward near
the surface in the form of trade winds.
Numerous studies have investigated the
intensity and width Hadley cell. Using
climate models or statistical methods, these
studies have detected varying trends in the
intensity and expansion of the Hadley cell
during recent decades. The reason for the
difference can be attributed to different
definitions, different statistical periods, and
different data sources. A comprehensive
review of previous studies exhibited that
the long-term process of Hadley cell
changes remains controversial, and the
poleward expansion of this cell also
remains unclear.

Therefore, this study has attempted to
identify some of the Hadley cell changes by
using previous methods and supplementing
them. What distinguishes this study from
previous related studies is the use of new
and appropriate definitions for Hadley cell
edges.

Methodology

This study investigated the variability of the
Hadley cell in both hemispheres over recent
decades using the historical data of
NCEP/NCAR from the National Centers
for Environmental Protection and the
National Center for Atmospheric Research,
covering 1980 to 2025. We used the daily
means of meridional and vertical wind
components, on 12 pressure levels from
1000 to 100 hPa. The data are on a
horizontal resolution of 2.5 x2.5 degrees.
To analyze Hadley cell and evaluate
meridional circulation over 1980-2025
period, we used - similar to previous studies
- the mass stream function, average of zonal
mean of vertical velocity (Omega) and
mass stream function gradient. The mass
stream function was being easily obtained
via a mass-weighted vertical integral of the
zonal mean meridional velocity. These
parameters are usually calculated as an
annual mean or an average over specific
months or seasons. In the analysis of the
northern and southern edges of the Hadley
cell, the sign change of the meridional mass
stream function was utilized in the vertical
direction.

The edge of the Hadley cell in the Northern
(Southern) Hemisphere was defined in such
a way that at each latitude, from 12 points
corresponding to different pressure levels,
the sign of the meridional mass flow
function was positive (negative) at least in
10 points and this sign changes at the next
latitude.

The use of the average of zonal mean of
vertical velocity (omega) analysis and the
definition of the Hadley cell edge are
considered as innovations of this research.

To analyze the development or weakening
of the Hadley cell during the warm
(December, January, and February) and
cold (June, July, and August) seasons, the
area inside (and outside) the line equal to 5
units (-5 units) of the meridional stream
function for the northern (southern) Hadley
cell was estimated and its changes with
time were examined.

Results and Discussion

From the investigation of average of zonal
mean of meridional mass stream function, it
was observed that the Hadley cell was



developed in the winter of each hemisphere.
In the northern hemisphere winter, the
southern Hadley cell is weakened beyond
detection, and conversely, in the southern
hemisphere winter, the northern Hadley cell
is at its weakest compared to other months.

The result revealed, in statistical period, in
84.8% of cases the equatorial edge of the
northern Hadley cell is at latitude 7.5
degrees north, and in 45.7% of cases its
subtropical edge is at latitude 27.5 degrees
north.

Moreover, in 80.4% of cases the center of
the Hadley cell is located at 15 degrees’
north latitude. In addition, in 39.1% of
cases the equatorial edge of the southern
Hadley cell is at latitude 5 degrees south,
and in 80.4% of cases its subtropical edge is
at latitude 27.5 degrees south. The location
of the center of the southern Hadley cell in
89.1% of cases was estimated at 12.5
degrees’ south latitude.

Conclusion

This study indicated that in the summer of
each hemisphere, when the Inter-tropical
convergence zone is at its highest position
in the summer hemisphere, the ascending
branch of the Hadley cell is located in the
summer hemisphere and its descending
branch is located in the winter hemisphere,
and the Hadley cell is weaker in the
summer hemisphere.

The results also exhibited that the changes
in latitudes related to the equatorial,
subtropical edges, and central core of the

Hadley cell in both hemispheres do not
follow a specific trend. While the intensity
of the northern Hadley central core displays
a positive trend and the southern core a
negative trend, the decadal rate of change
remains contingent upon both the data
source and the statistical period employed
in the study. Furthermore, the intensity in
southern Hadley cell is 1.3 times larger than
the northern’s. In the DIJF season, the
intensity in the northern Hadley cell is
about 4 times greater than the southern
Hadley cell, but in the JJA season, the
intensity of the southern Hadley cell is
estimated to be about 8 times greater than
the northern’s.
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The Monthly mean of Meridional Stream Function(lolokg/s) The Climatology Mean of Meridional Stream Function(lowkg/s)

Period : 1980-2025 100 Period : 1980-2025

150
200
250
300
400
500
600
700
850
925

Jan I 1000
-60 -50 -40 -30 20 -10 0 10 20 30 40 50 60 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
Latitude(degree) Latitude(degree)

Pressure(hPa)

(¢ (<

RSV s ledlia Gl @ Slale (ke Sl (0 g oledldial 2 Gl @b VLo (ke B e (WY YK
VAAS=Y YD gyl 0,93 55 a4l




\R2% e S0 B0l BCn] 4D Gres (51Dl g comile (6 SO (G 1! Aubad bl e g o )idles

oS 3945 g0 o> JSb ol 5w o lis bl g)lel 0y93 3 1,0 AVl ke @SB F e (WY S
o¢

&S Cowl €8)3 1,8 CueS pl aie polie ¢ peix 5 (Jlaud 4> )0 VO Hlae 90 Juolius )3 6, 90 (slginl Byl 4o
Slousye 5 ot g sltnl ] 5ss Jod (slgtl 13 polis cpl el o3g10 (0] )3 (S5m0 S > Cyae
Pl Gudisd g Jop <8 Slo o5 conl 485 Sl cunS (l Cute pdlle 0 )Sei 93 o)l i (ol
P Slatke ol ;3 3k Wb 4de gyl (:She (5 lel 0)93 bawgio W6 & po (¥ JSS Comn dibaio oy
e (g g Jlod oldlia (1550 423V e3ga00e 1 lgial SlLbI 3 a5 w3 oo (Ui KB cpl amd e LS
s 2l (o8 gl e s Suto ] ol 0 Sas 93y o)l iz Gblie )3 5 it Cua
Py Ok &b e 5l (soulginl 4 ate o Cosl @23 VID ol (20 )3 CueS (l aleS
2 Bl lte (0o bawgio dindey atwd & bgyo 2l (oye Slohd yide cun Jlad g )lollbal
S5 o i a8 pdlie bl (B 3 da STl 423 VO Jlod 08 )3 9 420 SVVID o5 oS
oS umdge i S ol el aadosalin Jlad 42> YVID bl (oye 5 )L Gl gokaw ) 58
o) 93 32 )3 (Bla Jobo o)l cin gblie 13 Jyp a8ld 5 algial Bblie )3 (3500 LS dbm] (4l Ll
Dyl 359
¥ JS5) a e Juab 93 30 5l 5Ll )9 )3 o )lodlciai py2 Sl @l (Sle Lo B ¢ jes ¥ S
els” Jlos Joln Johos 0 Juab 53 85 3950 003 (G IS5 j1 aamaen ol |y (o JS3) )5 5 (A
w5 Bla Jobo Jad ol ol a5 )18 g ldlie lagoe o ol plsl 8L 5 ol ablanny
IS5l 4B S8 g bl csye 3 ol alsl BLs g cal jlins 398 Jlod gl 4 Cond
ol lgiel L8 Casl 00 plb Sigg8 Jlad 4 Cuns g (Bla Jobo p)5 Jad 3 o5 wad e ol (¥
Al g 42y o sl 4 S5l o)l cin BLE g cusl B S8 e aldlie clagsye 3 Jske
oo sl g o 4 Ol ol ol 4B S5 08 Al (pplies > Jled (Dol Johe Juad ol
@ jho Sl eyt Jeo agly & ol Juad > amde £y Slojlrg) (2Ser a0peS abule g (andysS
@ oyl g) (2l)Sen dujeS oo (4253 VYD) Hlade (508 & Gliswe) 3 g NS (o0 pu (hie 3o
LS 2y Juad 3 (plply 9dpe p)S yide Jlad 4 Cud (g (Slgl BLbI g M o JUST o9 0 S0
NS 5 65 (0 S5 (g 00 )3 9 2 i (Dl Jobo (93900 L5 5 Jlod (bla Jobo (53500
oUW (pizmen ¥ JSS sl (g (Bl Jsho Sl i Jlad (Dol Joho o)l cir i ol (2)e
Fy ol ips (b (b ren Jlad (Dol Joho 4 cuns pgin (e Jolo dpw Jad )3 oS ad
5 oyl blio e lod M) s ) 5l oyl .t 55 5 5,581 o5 Juad 0 et Jols Jshos ) Capud
Sl i s 0)Ses o)l cin g oyl Bblie pu (oled DA S pe ad > sl saddl] 0,Ke 9 o)l i
plie sl pS Juabd > (Jlod (Jole Jobo Sl 5698 3y Juad )3 (o (Jola ok cplple el (Jlod 0 Sas
@5 P Jsho 5l peams Jlad (ola Jobo (63550 dtan o amd 0 U5 35 (55 pe At ()8 Lawgis
395 0 0433 ol 0dBodl> LSV Jgan 3T gt 45T ols Johe dun clacsid cand 3yl 1) Jods)
Dl Jolo 15> ©as DIF Jad 55 ol Jlods Sl Joho plp VY g Jola Jobo crd (gyll )93 j3 oS
B Jobo pln A gl gz (Do Joho ©ad JIA Jad 15 Jg cwl gz (Blo Jsho plp ¥ oogas o



VE00 5l ) Bylond OA B3 b (Sl i s igs dlowe VoA

st oln s 4 sy ol il il A S0 lin) led Jols ol ok pizmen e ok
0,50 o il 5> Jols Jghor 3l 0)Sess po ylianej 55 Ioln Joho oplpln i ailianls ply ¥ dgus diline;
@ Ol 33 g Ll S Cute pdlie 4 jho ey Joe asly &5 e > Al ) 4 el Sigs
Jitie Jlod 080 4 (a9 050 I Slojlrig)d (2iNen d0peS g e (420 HYVTD) e (i
Bblie (nl ) (d9n0 CS o g 390 p)5 (29 ol I i Jlod lgial SLbI (Suis bl g o
bl Jlad 0)Ses 3 Jod 5 (g (o Jobo & bgrje s3500 <S5 055 Jad )3 g0l D9 yidn
bulyd cpl ol Jod (o Jobo Jl it (g (Dlo Jobo o)l cix (i oLl () BT 258
e g Aol dewgi yine (a9 (Sl oo )5 Jad 3 g Jled (Jla Jobo 3y Juad 3 b a0
9 0 sload Cubge oy b sl oy (8 ol 4y o] 3550 )3 (s)ledliual 2 b b Lawsie
o Cundge a8 o> (LS glel 0y93 dp Jad > Jlad (ol Jsbo Cumbge sy )b e (Jola Syl
o 3 YID Gldlie (oye o ol o)l cir ) 5 gz @20 Vele bl oye ol (sgmlil
o )5 Jab il @S b Jlad axp Vele Gl (o )0 oo e ntmen ol 45158
YO/ pldlie o 3 ol o)l cix ad g Jlad a2 VI Lldlie (50 3 s (Dola Jolo (soulgil

() Jss2) 45 050 iz 422 V1B (i (o8 3 i (ol Jshos 50 Cumpe a5 42

0399 > Jlo JS g 5, 9 p)5 sloduad o (> 9 Jlod (Bl Jolo (63550 dtan g o)l x5 sl sload bl cudse Y Jga
VA=Y YD (g Lol

Ay (:55ke e (10)3) Slglp it g (42,3) ldlyin (2)e
(436 eSS NT) e dme ol i gl i Pl Jobo Cusdye
TS Aed g s ggn s gg Jld
A " SV N YIS YV ol Ve ldlis Loy Jl
AN AE A YO YN AFA sl it
- Voo - YV/a - =Y./ Lél s 2509 U yoolwd
/A A i joe 4Bl e
- NI - v/ _ sa/s Slold oyt
Vs - vl - v - Lol 3 Sl b ats)
vy YA Ciaac ek o N it
IR - DAY = VWY = leld i

The Climatology Mean of Zonally-Averaged Omega(lO'ZPa/s)
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The Seasonal Mean of Meridional Stream Function(lowkg/s) The Seasonal Mean of Meridional Stream Function(lOlokg/s)
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