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Part 1: Global monsoon
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I Part 1: NH monsoon vs. SH monsoon

Past 21K: Anti-phase relationship between NH and SH monsoon precipitation due to ice melting

Regression of precipitation to TraCE-full AMI
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l Part 1: NH monsoon vs. SH monsoon

Past 1K: Role of GMST Future one century
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Part 1: Global Warming and Monsoons

(a) Global land monsoon precipitation index

o

relative to 1995-2014 (%)
o

—_
no

Qo
1

HilEL2H > %

Nanjing University of Information Science & Technology

SSP5-8.5 (2081-2100)

(b) Best estimate (scaled)
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Figure 4.41 | High-warming storylines
for changes in annual mean
temperature.

Figure 4.42 | High-warming
storylines for changes in annual
mean precipitation.

Figure 4.14 | Time series of global land
monsoon precipitation and Northern
Hemisphere summer monsoon (NHSM)
circulation index anomalies



I Part 1: Changes in NH Monsoon
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I Part 1: Global Warming and Monsoons

Global monsoon domain ¢

&) UL 252 %

Science & Technology

1 of global
\d

IIIIIIIII![l'III

I [ I r "4 0 I | I r 1 |
-2.5 -2 15 -1 05 0.5 1 . [ [ ! I ! [ Zh J ! t ! b ! |
: ; ang and Zhou 2011
Monsoon domain (Summer minus winter)/(annual mean) | 1920 1940 1960 g 1980 2000
(c) Global land summer monsoon precipitation (d) NH summer monsoon circulation
6.0 - ]
£ 00 -
-3.0 E
-6.0 ]
T T T l T T T | T T T I T T T I T T T I T T T I T T T T T T ! T T T I T T T | T T T | T T T I T T T I T T T
1880 1900 1920 1940 1960 1980 2000 2020 1880 1900 1920 1940 1960 1980 2000 | Pzté:m(): 2022
g5th g5th S
------------- eI T LT mean mean Vi //ﬁ mmmmm e ——— e m . smmsmmesmas
GPCP GPCC CRU-TS CMAP gl min ERA-20C ERA5 JRA-55 MERRAZ2

cMIPs " CMIP5 20CRv3

19 56 models, 486 rung 29 models, 100 runs



I Questions?

> Why is NH monsoon precipiation weakened since 1900s, but the
SH monsoon rainfall increased?

> Why does the AA forcing dominate the declining NHLM
precipitation, although AA's impacts on Earth system radiative
forcing and GMST are less than GHG?

»> Which mechanism is responsible for the increase of SH monsoon?



I Part 2: Model data and Method
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I Part 2: Model data and Method

CMIP6 models description
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IPart 3: NH monsoon change

Precipitation anomalies (mm d'1)

Precipitation anomalies (mm d)
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Linear trends of Observed and simulation NHLM precipitation

(a) Observed and CMIP6 model simulated NHLM precipitation anomalies
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IPart 3: NH monsoon change
Higher Sensitivity of NHLM to AA than GHG

(a) Land monsoon pre. anomalies versus GMST changes
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IPart 3: Results

Surface energy change explains the evaporation term
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Part 3: NH monsoon change
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IPart 3: NH monsoon change

Changes per K

Changes per K
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ITD index: the surface
temperature difference between
the NH [0—40°N, 0°-360°] and SH
[0°—60°S, 0°-360°].

LOTC index: the temperature
difference between NH land
[0°—=60°N, 0°-360°] and global
ocean [60°S—-60°N, 0°-360°].

EQ_V index (the low-level cross-
equatorial flow from the SH to
NH ): the meridional wind
averaged over [5°S—10°N,
0°-360°] at 925 hPa.

U _shear index: the zonal wind
shear between 200 and 850 hPa
over the band of [0°-20°N,
120°W-120°E]
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IPart 4: SH monsoon change
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Figure 1 Climatology of boreal winter (DJFM) precipitation (mm d-!) and 850 hPa circulation (m s!) for the period of 1985-
2014. The observation and reanalysis are shown in the left and right panel, respectively. (a) GPCC, (b) CRU, (c¢) UD, (d) the
average of (a-c) as OBS, (¢) NOAA-20C, (f) ERA-20C, (g) NCEP1, and (h) JRAS5. The red curves outline the SHLM region.



WPart 4: Wettenning of SHLM
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The dashed lines indicate linear trends.



WPart 4: Wettenning of SHLM
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Linear trends of precipitation (mm d-! cent!) and 850 hPa circulation (m
s-! cent'!) during austral summer (DJFM) for observation (left) and
reanalysis (right). (a) for GPCC during 1901-2014, (b) for CRU during
1901-2014, (¢) for UD during 1901-2014, (d) for OBS (the average of
GPCC, CRU, and UD) during 1901-2014. (e) for NOAA-20C during
1901-2014. (f) for ERA-20C during 1901-2010, (g) for NECP1 during
1949-2014, and (h) for JRASS during 1959-2014. The red curves outline
the SHLM region.



HNAiELZ2#H 22

Nanjing University of Information Science & Technology

IPart 4: Mechanism
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(a) Moisture budget

0.60
0.30
0.00
-0.30
-0.60

|[J|I

||\J||||II|I\|\

+0.73 mm d-! cent! +0:38 mm d-! cent-!

I I | I [ I | I I I I I | [ I [ | I
1900 1920 1940 1960 1980 2000

30°N

30°s 1

90°W

30°N

2 16120804 0 04081216 2
"1 Moisture budget analysis for the SHLMP change. (a) Moisture
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(mm d-! cent-!) for (b) precipitation, (c¢) evaporation, (d)
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BPart 3: Mechanism
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(a) Linear trends of SST (shading, K cent!) and 850 hPa specific humidity (contours, g kg-! cent!). (b) Linear trends of 500
hPa vertical pressure velocity (shading, 100*omega, Pa s-! cent'!) and 850 hPa circulation (vectors, m s-! cent!). (c) Linear
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indicate the positive and nagtive trends of 850 hPa specific humidity, respectively, with the zero line ploting in black.
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Part 4: CMIP6 simulation

Trends in SH land monsoon precipitation
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BPart 4: CMIPG simulation
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Flgure 8 leference in linear trends between the wet and dry models during 1850-2014. (a) for precipitation (mm d-! cent-!),
(b) for surface temperature (shading, K cent-!) and 850 hPa circulation (m s-! cent!), (¢) for 500 hPa vertical pressure
velocity (shading, 100*omega, Pa s-! cent-!) and 850hPa circulation (m s-! cent!), and (d) velocity potential (shading, 10> m?
s cent!) and divergence winds (m s! cent!) at 200 hPa.
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Figure 8 Difference in linear trends between the wet and dry models during 1850-2014. (a) for precipitation (mm d-! cent!),
(b) for surface temperature (shading, K cent-!) and 850 hPa circulation (m s-! cent!), (c) for 500 hPa vertical pressure
velocity (shading, 100*omega, Pa s-! cent!) and 850hPa circulation (m s-! cent!), and (d) velocity potential (shading, 10> m?
s'1 cent!) and divergence winds (m s-! cent!) at 200 hPa.



NAGL2H > %

Nanjing University of Information Science & Technology

BPart 4: CMIPG simulation
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IPart 4: Monsoon Vs. Hadley circulation
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Climatology (shading) and linear trends of meridional
divergence circulation from (left) NOAA-20C reanalysis
and (right) CMIP6 models. (a) Zonal averaged Hadley
circulation. (b) as (a), except for the monsoon region
(10°E-50°E, 110°E-150°E, and 80°W-40°W). (¢) as (a),
except for the non-monsoon region. (d-f) as (a-c), except
for the difference between wet and dry models. Shading
shows the climatological mean of vertical pressure
velocity (hPa d-!). Vector is the composite of 100 times
vertical velocity change (Pa s™! cent-!) with zonal and
meridional wind trends (m s™! cent-!) in (a) and (b),
respectively.



I Part 5: Summary

Observational datasets show the decrease in NH land monsoon during 1900-2014, and the SH land
monsoon precipiation is increased during the same period. CMIP6 models well reproduced the decrease
in NH monsoons, with the single forcing experiment demostrating the dominate role of external forcing.
However, CMIP6 model underestimates the observed SH land monsoon trend. Analysis pointed to the
zonal SST graident drives the SH monsoon increase since preindustrial.

v What is the relative role of AA and GHG forcing in the centennial-scale NHLM precipitation trend?
A: AA dominates the decline of NHLM precipitation, and GHG explains the GMST increase. AA is five
time as the GHG on NHLM precipitation change, in terms of per GMST change.

v" Why does the AA forcing dominate the declining NHLM precipitation?
A: AA’s AOD decreases the surface irradiance for evaporation and more effectively alter the surface
temperature gradients, thus monsoon circulation.

v Which mechanism is responsible for the increase of SH monsoon?

A: (i) The tropical zonal SST graident drives the Walker circulation change, which redistribute moisutre
from the tropical ocean to the monsoon region. This SST graident may not full caused by the
anthropogenic forcing. The nature varibility is one of possiblity.

(1) Regional Hadley circulation over the monsoon region dominates the zonal mean Hadley cell and
ITC7



Thanks for your attention!
Comments and suggestions are welcome!

jianc@nuist.edu.cn
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