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Abstract. A solar influence on Indian Summer Monsoon (ISM) rainfall, identified in previous studies using the method of solar peak year compositing, may not be robust and can be influenced by other factors such as ENSO
and trends. Compositing fails in the Southern Hemisphere where a trend in Sea Level Pressure is clear. Solar peak years suggested —ve NAO features with significant signal around the Azores High, whereas trough years
suggest +ve features of NAO with significant influence around the Icelandic Low. Regression analysis, which takes into account variations across the whole solar cycle rather than just the min/max fails to detect any direct
solar influence on ISM but the spatial pattern of the Southern Oscillation has changed in recent decades with major changes around Australia. Through the Indian Ocean Dipole, this may have had an impact on ISM rainfall.
During the second half of last century, the local north south Hadley circulation, as manifest in the NAO in the northern Hemisphere and the 10D in the southern hemisphere, may have played an important role in modulating the
ISM. We discuss these potential indirect connections between the solar cycle and monsoon rainfall, which are different since the 1950s.

1. Solar signal Using Method of Compositing 2. Solar signal Using Multiple Linear Regression
1.1. Method of Compositing. 2.1. Method of Multiple Linear Regression (MLR).
Compositing is described in details by Meehl, van Loon and co-authors #7:8.9, In this Multiple linear regression (MLR) technique using an autoregressive noise model of
methodology 14 solar peak years are considered from period 1850 to 2004. The order one (AR(1)) is applied to detect signals as also used in other studies®®. By
mean value of June-July-August (JJA) of say, Sea Level Pressure (SLP) is subtracted this process, it is possible to minimise noise being interpreted as a signal.
from arbitrary chosen base climatology to derive signal of SLP in solar Max-yr. Variables used in this analysis are SLP, SSN, ENSO, Stratospheric Aerosol Optical
a) Min-yr relative 1956-1997 b) Max-yr relative1956-1997 Depth (OD, indicative of volcanic eruptions) and trend.

—4 . R ST ' 2.2. Discussion.
. l‘? j é ) - - Using regression, no significant solar signal is detected around regions of Indian
2 ; 2 o subcontinent. This is true irrespective of the period considered (Fig. 3, bottom).

Strong signal of the ENSO in SLP is seen around the Indian Ocean (Fig. 3, top).
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. . Excluding SSN as an independent parameter from the top and ENSO from the
80 | 2% e A | bottom does not affect these results.
A ey 0 S WA Al B R e, Y R 250 S0 . ENSO captures Southern Oscillation (SO) in SLP, but major changes around
c) Min-yr relative 1936-1975 d) Max-yr relative 1936-1975 3 Australia in later period as shown in Fig 3b. Australia (Darwin), one lobe of SO is
O s L 4, ] L also coincidentally one end of Indian _Ocean Dipole (IOD_). In Fig 39, negative
o e, A - 5 North Atlantic Oscillation (NAQO) pattern is also observed during later period.
o (s (A . . @ : g B . Ashok et al* showed IOD and ENSO have complementarily affected ISM during
g X ‘ - £ = 1958-1997. Studies also suggested ISM is strongly modulated by NAO and they
PR IRy = are anti-correlated. Relationship between temperature of West Eurasia and ISM is
e — o e - s stronger, over same period the relationship between the ENSO, ISM weakened?.
”8°0 g 24230 " 2l 0 40 80 120 160 200 240 280 320 360 io - We speculate local North-South (N-S) Hadley circulation, as manifest as NAO iIn
longitude omgiixie 3 Northern Hemisphere (NH) and IOD in Southern Hemisphere (SH) may have
Figurel. Solar signal in JJA HADSLPZ2 data (hPa) using SunSpot Number (SSN) Peak or played role in modulating ISM in latter period.

Min years compositing: (a) the climatology from 1956-1997 is removed from the 1850-2004
period and the composite is for solar minimum years.; (b) same as (a) but for solar peak
year; (c) and (d) are same as (a) and (b) respectively but with the 1936-1975 climatology
removed. Shaded regions are estimated significant at the 95% level using a t-test.
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1.2. Discussion.

. Van Loon and Meehl” (vLM12) using solar Max-yr compositing on SLP suggested
solar peak years enhance Indian Summer Monsoon (ISM) rainfall. To verify the
robustness, we use solar Min-yr compositing as well and apply arbitrary _
climatological base period. We want to find whether that signal is robust or not. o 4w e 2 wgmw 20 280 920 90
. In the top panel we chose base climatology as ;95(_3—1997 when atmospherg and c) Solar (1856-1955)

ocean suggested differently%.11, In bottom, we arbitrarily changed the base period.
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.- Fig. 1 suggests during Max-yr significant negative signal is around Azore High . s T~ ‘(:;\1' -
(right), Min-yr strong negative signal around Icelandic Low (left). These signals are 40|28 - A 0’\ ;
unaffected with arbitrary change of base period climatology (top from bottom). g . : . 3 _
- SH is mostly affected due to climate change signal during 1956-1997 (Fig. 1, top). E S e | : B N
. Solar Max-yr as well as Min-yr compositing on SLP suggest similarly around W=\ - R
Indian subcontinent (Fig 2). It indicates trend plays dominant role on ISM around e T g\ (Z =
. . . -80 [ S S—= S\ “~— <
Indian ocean by influencing SLP contrast (land +ve and sea -ve). It favours ISM o @ w m w20 w0 w0 i o R o0 160 200 3
. . 3 . ngitude longitude
rall\;:fa” during Iatt?tr. part of Iasttcer;tury (Flgffl atnd 2’|:(I_O£Zp?r?el)' : Fig. 2 right Figure 3. The ENSO signal (max-min, hPa) in JJA HADSLP2 data from a MLR analysis
- Miax-yr Compositing suggests stronger e5 ec Or_‘ an min-yr (Fig. _”g (top) and the solar cycle signal (bottom); (a) and (c) for period 1856-1955; (b) and (d) for
compared to left) and may be due to ENSO® following usual ISM-ENSO behaviour. 1956-1997. Other independent parameters used are trend, OD and SSN (top) and trend, OD,
+ Signal found by vLM12 is not true solar signal but mixed up with ENSO and trend. ENSO (bottom). Shaded regions are estimated significant at the 95% level using a t-test.
b) Max-yr relative 1956-1997 i
% U s T —— 3. Scatter plot Analysis
st % w g 2) BTLIS65) 0 DL« Some connections between SSN
S e ENSO index * | 1 and ISM rainfall is noticed before
N S sl T . 't ] 1950s. All points are below the
N S ‘E £ L 1 diagonal line during earlier period.
R —— ”2?%"40{)'50 o TR — = 2 100 {2 1or .. '+ | +Decadal solar forcing on trade
longitude longitude g 5 A8 1 i 45,6 I i -
c) Min-yr relative 1936-1975 d) Max-yr relative 1936-1975 - "E 5% AL winds that acts along3|de m.ter
20 BTy ey (| ¢ : b= 50/ 50 ' - 1 annual ENSO may be responsible
W) Q\ = 3 oL ) ] *«Thus high solar years favoured
B FEIE A o : * x 0ls ) ! £ L :
» 03 i o 2 = ﬂm o o e Ww mw 0 a0 zm  aw me  NOr€ rain and low solar less
£ B W kasen \ o £ | < ~ Predplaton WA In mmunont _ Precipitation (4JA in mmimontt) following the wusual ISM-ENSO
0 0 e Flgu_rgt t‘_‘- ?chf)efp'?t V&"]EP S*?'t\' versgsd 'SM) behaviour in earlier period.
N precipitation in two different time-periods: a) : TR
ol a2 vy B 1871-1955 and b) 1956-2011. A positive ENSO ml?ses?r?dil-:géclngg58:6 tra(:fc;’]‘”r:q ;]St
= anghinde s - index is shown with black and negative with M'>>INgsinc , Wh 'g
Figure 2. Same as figure 1(a-d) respectively, but focusing mainly regions covering Indian green. Blue line in a) has drawn to show that be respon.S|bIe for different SSN,
Subcontinent. Negative contours are shown by dotted lines. points are inclined to bottom corner of the plot. ISM behaviour.

4. Conclusions

- Solar influence on ISM rainfall, using the method of compositing, may not be robust and can be influenced by factors as ENSO and trends (Fig. 2).

- Compositing suggests SH is mostly affected by climate change signal (Fig. 1a &b).

- Solar minimum year compositing suggests a positive NAO with strong negative signal around the Icelandic Low; whereas peak year compositing suggests a
negative NAO with significant negative signal around the Azores high. These signals are unaffected by arbitrary change in base period climatology (Fig. 1).

- Compositing suggests that during a period of weakened tropical circulations, the Indian Ocean plays role in enhancement of ISM rainfall (Fig.2).

- Regression cannot detect any direct solar influence on the ISM. (Fig. 3¢ & d).

- Regression detects strong signal of the ENSO in SLP around Indian Ocean. It also suggests an influence around Australia where one lobe of the SO may
have changed during the latter half of the last century. Through the IOD, it may have different impact on ISM in recent decades (Fig. 3a & b).

- During latter half of 20th century, the weakening of the Walker circulation due to climate change seems to be overtaken by the local NS Hadley circulation,
whereas the NAO in the NH and IOD in the SH may both play important role.

- Some connections between solar cycle and ISM, which are different since 1950s (Fig. 4a & b).

This work is done under SAPRISE (South Asian Precipitation : A Seamless Assessment) project.
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