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* Investigate whether Indian Summer Monsoon Rainfall (ISMR) possesses a
multidecadal/ultra low-frequency (UL) mode of variability using observed rainfall
data.

* Does this mode modulates seasonal rainfall intensity over India?

* |s the recent decrease in ISMR explained by this mode? Conventional PC ana|ysis with g|oba| SST.

¢ What driveS th|S mOde? IS there any connection with the g/Oba/ sea surface ° EOF5 exp|ains 5% Of the tota' Vanab'“ty (pane' (b))

temperature (SST) variability? o soE oo 9°E£15°E 180_150W 120W_90W 60W 30W 0 » Similar patterns as the in panel (a) (pattern correlation of
» Aim to establish a physical mechanism between the two phenomena: ISMR and 0 B 0T o 8 0.45%)

global SST in multidecadal scale.  Resembles North Pacific Gyre Oscillation.
* PC5 shows multidecadal variability: shifts during 1890s,

ISMRUL and global SST:

* Regression coefficients of global SST (June—September
mean) with ISMRUL shows horseshoe-like pattern over
northern Pacific (panel (a)).

1920s, 1970s, and 1990s (panel (c)).
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Extracting ISMRUL.:
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« June—September mean rainfall used. Mean = 848.2 mm, Std dev = 83.5 mm. FEELEFESELEEE S S
* Normalize 146-year long time series. 5-year low-pass filter (Chebyshev type-I)
applied to eliminate very high-frequency fluctuations.
* Singular spectrum analysis (SSA) applied to the data (Ghil et al., 2002). I SM R UL an d SSTUL'
* SSA has be_come a very useful to_ol to dlggnose short and_ noisy tlme_serles: Perform SSA on the SSTPC5 time series. (Ea)
* Data-adaptive approach. SSA diagonalizes a lag-covariance matrix to produce - First two modes show oscillatory pattern with periodicity of 67 Nl
empirical orthogonal functions (EOFs) and principal components (PCs). years, 35 |
* Oscillation is present if two eigenvalues are almost equal and EOFs and PCs are - RC associated with these two modes represents ultra low- %EHHEE |
in phase quadrature. frequency mode in SST (SSTUL). s .
* Reconstruction components (RCs) representing the oscillations are obtained by - Correlation coefficient (ISMRUL, SSTUL) = 0.45". (b)
convolving corresponding EOFs and PCs. » Correlation value is stronger (0.85*) for 1871—1975. DA |
(b) | Calculate phase angle of ISMRUL and SSTUL. —s ‘ .
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| years. | "\ B . Rglnfall over central India is associated
’ AR - ' SSTUL & Rainfall | with SSTUL.
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Other dominant modes: - + Similar patterns as seen in North Pacific
| | ' Oscillation (NPO) (Rogers 1981).
ﬁ * First two modes exhibit 0 * Increased geopotential height and
“ 7.2-year cycle. s DR = L L N SN2 C))YIE atmospheric temperature over SH.
* Modes 5 and 6 show a ...:————::_W T T e =™ 7 " ¢ This  alters  meridional  temperature
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 mere) “.  Modes 7 and 8 capture e o > FT 5 " | tropical easterly jet intensity by thermal
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L . e Stronger easterly jet is associated with
f - : | * Epochal patterns of gt ol oo el ety & more rainfall over India.
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e Correlation values between unfiltered SH surface

SSTPC5 -0.51* 1 0.67
1 4 T pressure, SSTPC5 and ISMRUL suggest strong
ISMRUL and rainfall lnnSlt . relationship between the fields (1948—1975). B 053" 067 1

* Relationship between SST and SH weakened after

* Rainfall over India in ISMRUL +ve 1980s. 05 | ssrrosisnur
(62 cases, 873mm) and -ve (84 * Relationship between SST and ISMR weakened after 1. —SHHISMRUL
cases, 828 mm) phases are s 1980s. ¢ /
different. S e ¥
* 60% of total flood years and 80% of o o s o7 tew e 2007

Conclusions:

total drought years are in
favourable ISMRUL phase.
* Consecutive years of above/below
normal rainfall are modulated by
ISMRUL.

Number of years

* Using longest available rain-gauge data, multidecadal mode in ISMR (ISMRUL) is identified by a data adaptive
approach (SSA).

* ISMRUL significantly modulates the occurrences of flood/above normal rainfall or drought/below normal rainfall
events over India.

* A horseshoe-like pattern in northern Pacific, resembling NPGO, also shows oscillation in similar timescale
(SSTUL). ISMRUL and SSTUL are strongly associated. Relationship weakened after 1980s.

* A mechanism is presented: SSTUL is associated with changes in atmospheric conditions over north-central
Asia, thereby altering tropical easterly jet intensity. This changes favourable conditions for rainfall over India.
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(e) Shows rainfall in flood years in 1, R
+ve ISMRUL phase.
(f) Shows rainfall in flood years in -ve ' |
ISMRUL phase.

(g) Shows rainfall in drought years in
-ve ISMRUL phase. 5
(h) Shows rainfall in drought years in
+ve ISMRUL phase. |
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