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“* Space-time characteristics of Monsoon ISOs

“*Monsoon ISOs : Building Block of Monsoon
Systems

“* Predictability of Monsoon ISOs

“ Extended range prediction Monsoon ISOs :
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DAILY RAINFALL AVE(72E—B7E,1ON—25N)
' ' - Seasonal rainfaoll 79.7 cm

Active-break spells (cycles)

Daily rainfall (mm/day)

over central India for ; W WY
three years, 1972, 1986 IE T (Y R T VP T s
and 1988 T e

The smooth curve shows
long term mean.

shows above normal
or wet spells while blue
shows below normal or
dry spells




Monsoon Intraseasonal Oscillations

_ Daily Precipitation
: ' ' ' aily 850 hPa Zonal Winds
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S3. (a) Lagged phase composites of 20-70 day filtered rainfall anomalies (mm/day) between May

- October with respect to active phase of monsoon ISO identified from a reference series

averaged over central India (72°E- 85°E, 15°N - 25°N ). Composites from 18 day lag to 15 day

lead are shown for the pre75 period. Lag or lead day is indicated at the top right corner of each

panel.




Relationship
between
Monsoon 1SOs
and monsoon
onset
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FiG. 2. Wavenumber—frequency spectral power of observed
precipitation and 850-hPa zonal winds anomalies averaged over
the latitude band 5°-25°N. The y axis left ordinate is frequency (in
cycles per day, cpd) and right ordinate 1s period (days), while the
x axis represents zonal wavenumber. The minimum contour and
contour interval is 0.5; contours greater than 2.0 are shaded.
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Figure 2.10. Spatial structure and amplitude of the 30-60-day mode. Regressed 30-60-day
filtered anomalies of (a) OLR (in Wm 2 ), (b) 850-hPa winds, and (¢) 200-hPa winds (inms ')
with respect to a reference time series of 30-60-day filtered zonal winds averaged over 85°E

90°E and 5°N-10"N with 0 lag. Only regressed wind anomalies significant at 95% confidence
level are plotted, with a mean variance of 30-60-day filtered (d) OLR (in W2m ™). (e) 850-
hPa. and () 200-hPa zonal winds (in m?’s 2), based on 20 (1979-1998) summers (1 June-30

September).




What makes the TCZ oscillate with 30-60 day periodicity?

Goswami and Shukla (1984, JAS) proposed a convective-radiative-
dynamical feedback to explain this temporal scale selection
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What is responsible
for the northward
propagation?

Regressed OLR
(shaded) and 850
hPa relative
vorticity (contour)
w.r.t a reference
time series of 10-90
day filtered OLR




(a) OLR(shade) & VORT850(contour) (b) DIV925(shade) & VORT850(contour)
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Figure 2.15. (a) Regressed 30-60-day filtered anomalies of OLR (shaded; Wm 2) and 850-
hPa relative vorticity (contour. positive solid and negative dashed. contour interval
1 % 10 %s™!) with respect to the reference time series described in Figure 2.10 averaged
over 80°E-90°E. (b) Regressed 30-60-day filtered anomalies of 850-hPa relative vorticity
®s7!) and divergence

(contour, positive solid and negative dashed, contour interval 1 x 10
at 925hPa (shaded; 10 "s ) with respect to the same reference time series.




What is responsible for_ making the low level moisture
convergence north-of the heat source?

Jiang , Wang and Li (2004, J. Climate, 17, 1022-1039)

» They show that response of a heat source in the presence
leads to cyclonic barotropic vorticity
centered slightly to the north of the heat source.

> It drives frictional convergence in the boundary layer north of
the heat source.

» Near the equator
leads to anomalous moisture convergence north
of the heat source. I
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Kl'ransition from break towards active
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Figure 2.16. A schematic representation of the evolution and northward propagation of the
meridional circulation associated with the 30-60-day mode in the meridional plane. The thin
arrows indicate the anomalous Hadley circulation. The thick vertical arrow indicates the
location of the center of the boundary layer moisture convergence, while the thick
horizontal arrow indicates the direction of poleward motion of the cloud band. The thin
solid (dotted) line indicates the phase of the relative vorticity at 850hPa (divergence at
925hPa) with positive (negative) phase being above (below) the base line. The location of
clear sky conditions is shown by the sun-like symbol.




Climatological mean JJAS P and 850 hPa wind anoms
P and 850 hPa winds during ‘Active’ phase
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A common mode : Intraseasonal & interannual variability

Structure of dominant ISO mode

Active-Break composite of
precipitation from NCEP

From 10-90 day filtered precip.
Between 1 June-30 Sept., 1949-
2002 ‘ e 160E 120

Structure of dominant ISV mode

Strong-weak monsoon
composite of precipitation from
NCEP

From JJAS precip. Between
1949 and 2002, 6 strong and 4
weak monsoon years.




How does the ISOs influence the seasonal mean
and IAV ?

> We have shown that the spatial structure of the
summer ISOs have certain similarity with that of
the summer seasonal mean. A common spatial
mode of sub-seasonal and interannual variability.

> Seasonal mean of ISO anomaly can influence
seasonal mean if frequency of occurrence of active
and break phases are different.




Frequency distribution of ISO anomalies of P over 70E-
O90E, 10N-30N

For 6 ‘strong’ Indian
monsoon years

For 4 ‘weak’ Indian
monsoon years

Goswami ,Wu and Yasunari,

2006, J. Climate
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Figure 13. Scatter plot of interannual anomalies of

seasonal mean versus seasonal mean of intraseasonal
anomalies of precipitation (mm day ') from (a) 10—
20 days band, (b) from 30-90 days band and (c) from
10-90 days band at all grid points in the domain 70° -
100°E, 10°—30°N. (d, e, f) Similar to Figures 13a, 13b, and
13c, but for U850. Correlation wvalues are given in the
respective panels.

Seasonal mean of
ISO anom. Vs
interannual
anomaly of
seasonal mean

Goswami and Xavier;
2005, JGR




ISOs Modulate Monsoon Synoptic Activity

(b)

Active (MISI > +1)

90E

100E

Tracks of LPS for the period
1954-1983 during extreme
phases of monsoon ISO. (a)
‘Active’ ISO phase (MISI >
+1) and (b) ‘Break’ ISO phase
(MISI < -1). Red dots
represent the genesis point
and their lines show the
tracks.

Goswami et al. 2003, GRL, 30,
doi:10.1029/2002GL016734
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Summer composite

850 hPa 10-20 day
filtered winds and .
OLR for two
opposite phases
(a,b) of the QBM .
(c) Relative
vorticity (x 1.0e+6)
averaged between
5S-5N as a function N
15 phases
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Figure 5: Composites of different phases showing generation and westward movement of vortices.




Winter composite

850 hPa 10-20 day
filtered winds and
OLR for two
opposite phases
(a,b) of the QBM .

(c) Relative
vorticity (x 1.0e+6)
averaged between
5S-5N as a function
15 phases

160W




Lag-longitude plot
of Regression of 10-
20 day filtered OLR
and 925 hPa div. on
the QBM index
averaged between
10N-15N.
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Div. Maximum (minimum) at 925 hPa (BL) is west of the OLR
maximum (minimum).

= BL moisture convergence makes convection move westward

- Convective coupling
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Chatterjee and Goswami, 2004, QJRMS

Momentum eqns.at levels 1

and 3 while the

thermodynamic energy
s eqn.at level 2.

2 Q s Define barotropic and
baroclinic components as

Pg= 725 hPa . 3 Z anc Xt = (X 3 —|_ X1 ) "ﬂ

0.2 925 hPa Where y represents zonal
p,= 1013 1P and meridional winds u and

v or geopotential ®, U

represents mean

Mixed Layer

Figure 6. The vertical structure of the model.

background flow.




Results: The control case; No mean flow, No EWF

(a) Wavenumber vs real freq.

(b) Growth rate I' vs wave length

Max Growth for k=1.33, or
2=6750 km. Period=16 days,

Structure of the most unstable,
n = 1 Rossby mode

Vortices symmetric about the
equator




he Wave-Boundary-Layer-CISK for the
unstable mode oo




Role of the mean background flow on the unstable mode:

Climatological zonal
winds for July averaged

T=17 days, ,. = 6020 km

Cp=4.1m/s

Spatial structure of the unstable
mode with mean flow.

N \/\\/
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Vertical shear of mean winds:

Not essential for the basic instability. When
included makes the structure more realistic.

Evaporation wind feedback:

Again not essential for the basic instability.
When included enhances the growth rate of the
unstable mode without changing the period'and

phase speed substantially.

P




Importance of QBM in Tropical Intraseasonal Variability
VARIANCE (JJAS)

850hPa zonal wind (1979-2002)
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Upper Ocean Volume Transport (Sv) 80.5°E 3.5—5.6°N

MALDIVES

Schott et al., 1994,
JGR
|
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Predictability of Monsoon.ISOs




SUMMER MONSOON RAINFALL The ISO signal is
much larger than
signal in IAV of
monsoon

Interannual Variability

Amplitude of (s.d.) of
interannual variability
of JJAS precipitation
(mm/day) , (middle)
Amplitude of
intraseasonal variability
(s.d. Of 10-90 day
filtered anomalies
during June 1 — Sept.
30) and (bottom)
< - ks : climatological mean
I - ~ ; JJAS precipitation
A A R (mm/day). |

ot
=i, .
ATy L,
b Fi
Zh 5
= )
o
¥
2

o) =y
¥ e
AL




(a) IMD rf ISO std dev (JJAS) (b) IMD rf IAV std dev (JJAS)

72F 80E B88E  96E 79F 80E B88E  96E
(c) IMD rf JJA-DJF (d) IMD rf: JJAS mean

72E  80E ; 72E 80E B88E  96E




10—-80 day FILTERED ANOMALIES BOB<B85-90°E> 1998

OLR (Wm-?) WS (ms™)

Monsoon ISOs are
»n & associated with Ocean-
- i Atmosphere coupling

Coherent northward
propagation of OLR,
TR TR T TR surface wind speed
QNET (Wm-) (WS), Qnet and SST

- during summer of 1998

Large amplitude 'of
the ISO anomalies
is noteworthy

|




Fu et al. 2006; GRL

Figure 2. Composite space-time evolutions of raimnfall
(color shaded, mm day" ), SST (contour interval: 0.1°C),
and surface wind (m s~ 1) anomalies of seven intraseasonal
events at (a) —4 pentads, (b) —2 pentads, (c) 0 pentad, (d) +2
pentads, and (e) +4 pentads. The rainfall is from GPCP data
set; SST from Aqua/AMSR E; and surface wind from
QuikSCAT.




How Predictable are the Monsoon ISOs?

> A simple procedure is described to make
such an estimate of potential predictability
for active and break conditions from

observations

Goswami and Xavier, 2003, GRL

P




Data Used

eDaily rainfall over Indian continent from rain gauge
stations (1951-2000)

«CMAP pentad data (linearly interpolated to daily
values) , 1979-2001

NCEP/NCAR Reanalysis daily winds ; 1979 - 2001

*NOAA daily OLR ; 1979-2001
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Regions over which potential predictability of precipitation
IS examined :
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(A) Normalized index (B) Evolution of transitions
' © | | : : : |

Normalized units

Normalized units

_3 | | | | 3 1 1 1
1989 1990 1991 1992 1993 1994 10 15
Years Days

FIGURE 6.2: (A) An index of the monsoon intraseasonal variability defined as the time series of
rainfall anomalies averaged over, 70°-90°E, 15°-25°N and normalized with its own standard deviation.
The index is shown for a typical period of 4 years. Active phases are marked with red circles and
break phases are marked with blue squares. (B) shows the evolution from active to break (in blue) and
from break to active (in red). Average transitions are plotted in thick lines and the spread in transitions in
terms of standard deviation of different evolutions at each lag are plotted as error bars with corresponding

colors.




(A) Monsoon trough rainfall (B) Eq. 10 rainfall
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FIGURE 6.3: (A) The thick red (blue) line 1s the monsoon ISO ’signal’ starting from troughs (peaks) of
the index (Fig.6.2A). The thin red (blue) line is the standard deviation (or spread) of ensemble members
as a function days from the initial date corresponding to all troughs (peaks) of the index representing
transitions from break to active (active to break). (B) is same as (A) but for a precipitation index averaged
over the eastern equatorial Indian Ocean (80°-100°E, 5°S-5°N). (C) same as (A) but for evolution of
zonal wind at 850 hPa averaged over 80°-95°E, 12°-18°N. (D) same as (A) but for relative vorticity at
850 hPa averaged over the monsoon trough.




Rain gauge data
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FIGURE 6.4: Same as Fig.6.3A, but for high resolution gridded daily rain gauge data (Rajeevan et al.,
2006) for the JJAS season of 1951-2003, averaged over 70°-90°E, 18°-30°N.




. WALISER et al.
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Figure 8. (a) Mean-squared forecast error (Eq. (4)) for the (30-90 day) filtered 200 hPa velocity potential
(VP200) over the region 12-16°N and 117.5-122.5°E (model grid point at centre of smaller box in Figs. 10
and 11) for all the selected intraseasonal oscillation (ISO) cases (N = 168), shown by the thick solid black line
that increases with forecast time; the mean ISO signal (Eq. (3)) is also shown, by the thick solid black line that
is roughly constant with forecast time; 95% confidence limits for these two quantities using a Students 7-test are
given by the thin dotted lines; additionally the mean-squared forecast errors for two different types of persistence
forecasts (see section 4 for more details) are given by the thin grey line. (b) As (a) but for rainfall, except that the
thin grey line in this case gives the mean-squared forecast errors for an empirical forecast method based on the
canonical ISO pattern depicted in Fig. 2 (see section 4 for more details). VP200 values have been scaled by 10712,




Conclusion: ISO Predictability

The transition from to conditions is intrinsically more
chaotic than transitions from to conditions.

A fundamental property of monsoon ISOs.
Why?
Break >Active

Active-> Break

Consequence,

20




Empirical models:
Waliser et al. (1999), J. Climate, 12, 1918- 1939.
Lo and Hendon (2000), Mon. Wea. Rev., 128, 2528-2543.
Mo (2001), Mon. Wea. Rev. 129, 802- 817.
Wheeler and Weickmann (2001), Mon. Wea. Rev. 129, 2677- 2694
Jones C et al (2004) J. Climate, 17, 2078- 2095

Use empirical technique and demonstrate skilful forecasts of the MJO.in OLR
and 200 hPa streamfunction up to 20 days in advance. The models perform
well when the MJO is active at the initial condition but not so well when it is
inactive.

We feel that same may be possible for summer monsoon ISOs although
existence of higher frequencies (10-20 day ) may limit it to some extent.
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Webster and Hoyos ( 2004, BAMS) also show very good skill for predicting
ISO phases using a slightly different empirical technique (wavelet banding)

20-day precipitation forecasts central India

1999 0 2000
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20-day forecast of precipitation over central India for the summers of
1999-2000. Blue lines indicate forecasts while the grey lines indicate

verification obtained from area averaged GPI precipitation.




Our Model

=Based on first 10 EOFs of 10-90 day filtered CMAP
precipitation

*Predictors: Principal components of precipitation
itself and first two PCs of sea level pressure.

=Linear regression

Goswami and Xavier, 2003, GRL, vol 30, No.18
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100E

100E 110E

First two EOFs of
CMAP pentad
(interpolated to
daily) rainfall for
JJAS (1979-2001)




Lag correlation between
&= pbC1and PC2

| SO Index :
I(t) = (PCL(t) +PC2(t+8))/2




PC1-4 of 10-90 day filtered CMAP

PC1-2 of Surface Pressure

PC1-4 of filtered rainfall

Predicted rainfaII at lead time 1




Model developed on 1 June-30 Sept. data for 1979-1995

15-day predictions and verifications of rain anoms ave(70E-90E)

15 day predictions (contours) and verifications (shaded)
AT 41y =7 — AV,




15 Day Prediction Verification

: : : : ; 20S : : : : : :
60E 70E 80E 90E 100E 110E 40E 50E 60E 70E 80E 90E 100E 110E

Figure 4.6: The Standard deviation of all 15 day predictions and verifications at all grid points.




<0

: : : —— = 20S +— ; ; : : ;
60E 70E 8OF 90F 100E 110F 50E 60E 70E 80F 90 100E  110E

breaks

(Mean of an ensemble of 57 such predictions starting from initial
conditions around active conditions)
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Lead Time Prediction Prediction

of Breaks of Active

Correlations between predictions and
observations of rainfall averaged over the
monsoon trough region (70E-85E, 10N-22N)
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Rainfall 2000 Prediction

N,

Ml

Oct

Time series of 18-day predictions ( ) and observations (blue bars) of
the rainfall (mm/day) averaged over the monsoon trough region for June
to September of (a) year 2000 and (b) year 2001 (Fig.4 of Goswami and
Xavier 2003). |
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Limitations of the old Method and Development of a New
Model:

>The CMAP rainfall is not available in near real time. Use of CMAP
rainfall made it difficult to extend the method for real time prediction.




A new Analogue model for Extended Range
prediction of the summer Monsoon ISOs useful

for real time prediction

(Xavier and Goswami, 2007, MWR, 135, 4149-4160 )
»Data Used and methodology:

»>Penrad OLR data from 1979 to 2004 are used..No
filtering is involved.

>To isolate the ISO, OLR anomalies are reconstructed
with the first 10 EOFs

> First spatial analogues are identified and temporal
analogue for each PC is found from the cases selected

for spatial analogues.

.é“f"ﬁu, oy
g 3 4,




EOF2 (11%)
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EOF3 (8%)
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STEP1: Spatial Analogs

' 0
STEP2: Temporal Analogs

PC1 Analogs

'I/‘f*\\ 'Ij\fw\ ')ﬂ\Pm(to +7)
q:n q'2 q'1

I ) OQSMM fW"VN

'EZV

condition

Identify spatial
analogues over the
entire period (25
years) for the OLR
field reconstructed
with first 10 EOFs at
to

Identify temporal
analogues for all10
PCs going 5 pentads
backward from each of
the spatial analogues

Prediction =>»average
evolution of the
identified temporal
analogues |




Illustration of a
few temporal
analogues of
PC2 and PC3 for
a particular
initial condition.
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FIGURE 7.8: 4 pentads lead predictions and observations over central India during the hindcast period.
Grey shades indicate the summer monsoon season. Correlation coefficient between the two is also shown.




Anomaly hindcasts

»Reconstruct the OLR data with 2-10 EOFs
( removes the seasonal cycle)

»Look for spatial and temporal analogues
as before

»Make predictions based on average
evolution of these analogues

P
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FIGURE 7.11: Temporal correlations between predictions and observations for different lead times during
the May-October period in the AH.




Dependency of the forecasts on the state of initial
condition

(A) Temporal correlation (B) Spatial correlation
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FIGURE 7.14: Temporal and spatial correlations between predictions and observations from active and
break initial conditions at different lead times.




OLR anomalies over central India

r=0.66,RMSEH7. — Prediction
—— QObservation

OLR anomalies (W m_2)

JJAS season

FIGURE 6.11: Prediction of OLR anomalies (W m—2) at 4 pentad lead in comparison with observed
values over the region 75°-95°E, 20°-25°N for the JJAS season of the hindcast period.
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FIGURE 6.13: Regions chosen to evaluate the predictions with observations (A). The correlation
coefficient between 4 pentad lead predictions and observations averaged over these regions for the May-
October period (B).




This model is currently being used by the India
Meteorology Department to make experimental
Extended Range prediction of monsoon ISO this year.

Please see the following website

www.imdpune@gov.in




A Nonlinear Model for Real-Time
Extended Range Prediction,of
Active/Break Cycle over Central India

Chattopadhyay,Sahai,Goswami, 2008, JAS
(May Issue)
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Model 1

Precipitation IndeXPR index): ( 70°E-85E, 1¥N-25°N)

Goswami et al. IndeXGO index):
[V850(7(FE-11CFE,1S-3CN) — V200(70-11CFE,1S-30N)]

Wang and Fang IndeXVF index):
[UB50(4C E -8CPE,5°N-15°N) - U850(60-9C°E,2(-30°N)]

Webster and Yang IndegXVY index):
[UB50(4CE-11C0E,P-2(°PN) — U200(46-11CE,0*-2C°N)]
[U850(4CF-11CE,(P-20°N) — U200(40-110°E,(°-20°N)]

Mean sea level pressure ind@4S index):
msl(69E-95E,19N-25°N)

Specific humidity (850mb) indefSH index):
Sph850(68E-959E,19N-25°N)

Geopotential Height (500mb) ind€&P index):
Gph500(68E-95°E,1’N-2(°N)

U-shear index:
[UB50(100E-14CE,19S-$N)-U200(100E-140E,15s-5N)]

Omega (vertical velocity at 500 mb) index:
w500(5FE-119E,0°N-7.5°N)-w500(8FE-15CE,1°N-20°N)

M ean Sea level Pressure shear |ndex:
msl(110E-150E,1PN-20°N)-msl(4PE-6PE, 19S-5N)




Normalized
anomalies of

Wang& FFan Index

eph(c-1.0)
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We propose that the dominant monsoon ISO Is
nonlinear Convectively coupled oscillation

**Thus a unique relationship between a
number of dynamical fields representing a
nonlinear phase of the oscillation 'should be
uniquely related a phase of the rainfall
osclillation

P




The SOM Algorithm

A hon-lineai' classificiation sch'eme usl n'g
the self-or ganizing map(SOM) which:
falls under the category of unsuper vised

lear ning neur al network technigue
(1.e.-learning without human
intervention or any pre-condition)




“+*The SOM consists of a (usually) one or
two dimensional array of identical

neurons. The input vector is broadcast in
parallel to all these neurons.

% For each input vector, the most
responsive neuron is located. The

weights of this neuron and those within a
neighborhood around it are adapted to
reduce the distance between its weight
vector and the current input vector.

P




Irpt
data

Heighbourhood

Most respondire neuron



The SOM training for the nth iterative step is given by:

Wj(n+1)=Wj(n)+c(n){x(n)-Wj(n)} j € R(n)
= otherwise

Wj(n) is the weight vector for the jth node at the nth
step of iteration.

c(n) is the learning rate at the nth step.

R(n) is the neighborhood for the nth step.

The inclusion of neighbor hood makes the learning rate
non-linear.




Some application of the SOM algorithm
In the study of Indian summer
monsoon.
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1. Identification of active and break patterns of Indian
summer monsoon using large scale dynamical
parameters.

A. Data Used: ERA-40 data from 1980-2001.NCEP data
from 1951-2004. IMD daily gridded rainfall data
from
1951-2004.

Parameters:
Uu850,U200,v850,V200,MSLP,Sph850,Gph500 and
Rainfall

The large scale indices are constructed based on this
data and are used to classify the data using SOM. The

__data Is classified as 3x3 clusters.
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Area averaged rainfall anomaly over central India
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ERA—40 composite (1,3) ERA—40 composite (2,3) FRA—40 composite (3,3)
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Figure 4: The spatial distribution of anomalous precipitation associated with SOM
classified parterns It is obtained by compositing the IMD daily ramnfall anomaly corre-
sponding to the days clustered at the respective SOM nodes. The states (1, 1) and (3
3) are the most active and break nodes. (units nrm day=")

The 3x3 SOM
clustering.

Plotted here are the
composite spatial
plot  of », rainfall
anomaly forw, the
dates “clustered at
each SOM nodes
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The Central India 4th pentad forecast

cc=0.66

rmse=0.63 =& observed ISO

o= o predicted ISO

2002 2003
days (pentad)




CONCLUSION

Summer monsoon 1SOs have large amplitude, as large as the
annual cycle and much larger than-1AV of seasonal mean.

On one hand they cluster synoptic activity while on the other they
produce internal IAV of seasonal mean. Thus, monsoon 1SOs are
the building block for monsoon climate

Quantitative estimate of potential predictability of the summer
monsoon ISOs indicate useful prediction of breaks should,be
possible 20-25 days in advance.

Summer monsoon I1SOs are nonlinear convective coupled
oscillations. Large scale circulation may be sufficient to predict
Rainfall 1SO.

‘Analogue models’ have emerged as useful real time forecasting
tool for Extended range prediction (3-4 weeks in advance) of
‘active’ and ‘break’ spells
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Possible Reasons for Poor Skill of prediction of
seasonal mean monsoon precipitation by GCMs.

Model Systematic Bias : All GCMs have significant systematic bias in
simulating the climatological seasonal mean Asian monsoon

Simulation of tropical teleconnection : The small predictable signal comes
from teleconnections associated with global SST (soil moisture etc)
variations. Most models have difficulty in simulating the teleconnection
patterns associated with ENSO SST over the Asian monsoon region
correctly.

Local Warm Ocean —Atmosphere interactions. Over the Asian monsoon region
local air-sea interactions contribute significantly to 1AV of the monsoon
precipitation.

Intrinsic limit on predictability : The predictable signal (‘external’ var.) Is
small and unpredictable noise (‘internal’ var.) is large over the Asian
monsoon region.




— AGCM ws Obs
- AGCMws AGCM
= = DEMETER

Probability Density

Correlation

Figure 1. PDFs of correlation skill of June—September
Indian monsoon rainfall based on a theoretical ‘perfect
model’ analysis (red curve), and based on the actual skill
compared to observed all Indian monsoon rain (blue curve).
Analysis is based on 10 AGCMs forced with observed
global SSTs of 1950—-1999. Closed coloured circles denote
the skill of two of the AGCM coupled to a mixed layer
model. Arrows denote the change in skill between pairs of
uncoupled and coupled GCM simulations. Stars indicate the
spread of Indian monsoon rainfall correlation skill of the 7
coupled model hindcasts from DEMETER and the black
dashed line is their median skill.

Krishnakumar et al.
2005, GRL




‘Internal’ AV limits monsoon predictability!

What is responsible for the “Internal’ 1AV of
SAM?

Hypothesis:

Interaction between monsoon I1SOs and the
slow AC iIs primarily responsible for the
‘internal’ low frequency variability.




A common mode : Intraseasonal & interannual variability

Structure of dominant 1SO mode

Active-Break composite of
precipitation from NCEP

From 10-90 day filtered precip.
Between 1 June-30 Sept., 1949- O~
2002 T 100E 1206

Structure of dominant ISV mode

Strong-weak monsoon
composite of precipitation from
N[{=1

From JJAS precip. Between
1949 and 2002, 6 strong and 4
S weak monsoon years.

100E 120E




Frequency distribution of ISO anom of P over 70E-90E,
10N-30N

For 6 ‘strong’.Indian
monsoon years

For 4 ‘weak’ Indian

monsoon years
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A Hypothesis: Interaction between vigorous ISO’s and the
Annual Cycle gives rise to ‘internal’ interannual variability

A Paradigm model for Atmospheric Fluctuations under
an Annually varyingforcing

X=-Y2_Z72_axX + F
Y = XY — bXZ —cY + G 4mmm Solar forcing

Z — bXY + X7Z —cZ 4= landgocean

contrast

= Fo, + F,cos(nt/7),

X-=> Zonal mean , Y,Z-> wave
component,a,c-> dissipation I
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F0=7.62. F1=0.0. G=1.18
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How Does The-Tropical Atmosphere Generate nearly Two year oscillation
without external Forcing?

Multi year experiments with a state of the Art Mathematical model of the
Atmosphere-carried out

ANNUAL CYCLE

FORCING INTERASEASONAL MONSOON

MODULATES OSCILLATIONS 30-50 DAYS

CHAOTIC FOR SOME RANGE OF ANNUAL CYCLE FORCING
. B

TWO STATES WITHIN THE CHAOTIC REGIME

Low mean- High High mean- Low
Amplitude State Amplitude State




Where do we stand?

» Most efforts so far has been to predict the seasonal
mean

No skill so far

Even with a ‘perfect’ model , less than'50%0 of 1AV
predictable

Limited scope

» An alternative strategy for monsoon prediction IS
required.

Extended Range Prediction of Active and
Break spells

P




Same as

of earlier
plot but for
CMAP data.
Movement of
the rainfall
Band may be
noted
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Figure 6: The figure shows the composite plot from ERA-40 data for the break(top
panels) and active nodes(bottom panels)tfor wind 850(left), mean sea level pressure
(middle) and specetfic humidity at 850mb(right). The composite technique is similar
to last figurc. The figure shows the composite spatial structure of these parameters
during the active or break states. The patterns of rainfall in the earlier figure 1s well

reflected in these parameters




Mean days per1SO event (Bold) ,percentage frequency of days
(parenthesis) and probability of no transition (curly braces) at each
node over.central India.

(1,3) (2,3) (3,3)

3(10%){68} |  3(9%){63} 9(22%){88}

(1,2) (2,2) (3,2)
2(8%){57} |  2(5%){47} 2(8%){59}

(1,1) (2,1) (3,1)
8(20%){87}|  3(8%){63} | 4(10%){74}
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The three values are calculated from the 22 years of ERA-40 data.
Here number of “events” is determined by counting the total number
of times the data records are mapped consecutively to a particular
node without any break.

Mean days per event is defined by dividing the total number of days mapped
onto a SOM node by the number of events counted for that'node.

Frequency of days is defined as the number of days clustered in a particular

node divided by the total number of days used in the classification (22 years
*122 days/year).

The probability of “no transition” (also expressed in percentage) is
the probability that when an input vector corresponding to a particular
day is mapped to a node, the next day will be mapped again to the same node.




NCEP Break Composite for all Index Break Composite: (WY_SP)=(ALL Index Composite)
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Figure 8: Three different shades (spatial structure) of the break patterns due to the in-
volvement of different circulation indices. The top left panel is the composite break
pattern obtained by using the objective criteria defined in Table-1. The other 3 patterns
are obtained by subtracting this ensemble mean break composite from the break com-

posite obtained from the days when any two of the indices (shown at the top of the
figure) satisfy the specified criteria (see text). (units:mim day=1)
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FIGURE 7.9: Temporal correlations between observations and predictions at different lead times during
the May-October period.




(A) Correlations [50-110E, 10—30N] ( B) RMSE [50 110E, 10—30N]
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FIGURE 6.10: (A) Spatial and temporal correlations between predictions and observations for JJAS
period at different lead times over the region 50°-110°E, 10°-30°N. (B) shows the Spatial and temporal
RMSE for the same region. Correlations and RMSE shown are from AH.






