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Outline of the talk G

* Monsoon 2023 observation: Rainfall variability, transients

 Performance verification of GFS/GEFS prediction: Skill
of the model

 Few cases: Prediction & verification
« Results from IITM HGFM (Tco 6.5km resolution)

* Summary

=




sRa At R fRwmr St Atww o wemr, @€ Rl

INDIA METEOROLOGICAL DEPARTMENT HYDROMET DIVISION, NEW DELHI

N
SUBDIVISION RAINFALL MAP |
Period : 01-06-2023 To 30-09-2023 B

GM
3N 1

J6N 1
33N -
K 1 30K
27H 1
24H 1
21H 1
18H 4

14N 1

FH A
4N 1
N
R

S 1
!

o ] 12N 1
a4
9N 1
aH &M 1 [
T T T T T = : BSE VOE VBE SLOE B5E 490E 55E 10Q0E
BSE 7FOE 7BE &QRE BSBE H0E %5E 100E
—1ak =140 =k A ak 10 150
=1k -4t -25 [ 25 at 100
ALL INDIA
Actual Normal % Dep.
820.0 868.6 £ aﬁN | EﬁN _
730 | 33H
CATEGORYWISE NO. OF SUBDIVISIONS 30N 1 SN
LARGE EXCESS 0 27N - 27N
EXCESS 3 W ]
NORMAL 2 24N 1 5 24N
i gl
DEFICIENT 7 F1H 1 ;1*'.' - Z1H 1
LARGE DEFICIENT 0 ]
NORAIN 0 TEN 1 pi"", 18N
14N 1 15H 1
12N 1 ; ! 12M 1
Legend ap 4 1 0 Aug 2023 ap -
1l Large Excess [ 60% or more] [| Excess [ 20% to 59%) [] Normal [-18% to 19%] ] Deficient [-69% to -20%] | Large Deficient [-99% to -60%] [ |No Rain [-100%] || No Data
NOTES : ! M 1 T T T T T — &N 1 : : : . . Lat
:)) 2::::ﬁ;ﬁﬂmﬁ?ﬁ:ﬁ:ﬂ:ﬁ:}‘;ﬁfmm bold figures indicate Normal rainfall (mm). IE E3E 70E 7SE @DE BOE A0E #3E 100E : EﬁE ?u E ?E'E E DE E'E'E ﬂ DE 95 E 1 DG'E
c) Percentage Departures of rainfall are shown in brackets.
=20 =1ai =17 [} Ak 100 150

-150 =10 -4k [} 7 108 180



sRa Atew Rew fsmr s Atww R v, 7§ Roeh

INDIA METEOROLOGICAL DEPARTMENT HYDROMET DIVISION, NEW DELH!
N
BDIVISION RAINFALL MAP |
Period : 01-06-2022 To 30-09-2022 1

Legend
J Large Excess [ 80% or more] || Excess [ 20% to 59%)

ALL INDIA

[} Deficient [-59% 10 -20%)  Large Deficient [-99% to -00%) 36N

Il Normal [-19% to 19%)

33N
30N
Z7N
24N
21N
18H
15N
1ZH

an

i r June 2022
BN D

T

E GBS 70E 75E @0E BSE 90E 95E 100

24N
21N
18N
18N
1ZN

an

GN e
E &5 VOE Y3E 8GE B8BE 40E &5E 100E

— 1k —50 —2E 7] F ) 100 -2 =1k -4k [} ab 160 200
Actual Normal % Dep.
9250 8686 [
26N 36N
CATEGORYWISE NO. OF SUBDIVISIONS 33N 33N
LARGE EXCESS 0 30N 30N
EXCESS 12
27N
NORMAL 18 27N
DEFICIENT 6 24 24N
LARGE DEFICIENT 0 Z1M Z1H
NORAIN 0 18n .
148N 15H
120 120
aH
] Lerge Excess [ 60% or more] [] Excess [ 20% to 59%) [| Normal [-18% to 19%) [] Deficient [-59% to -20%) | Large Deficient [-99% to -60%] || No Rain (-100%] || No Data 9N
NOTES : i T T T T T = aM
RainFall based on operation data. IE BSE FIE FBE 8DE BBEE 4d0E %5E 100E - F r d ! :
;gs&‘llm:sm;u actual rainfal (m'f'n).. while bold figures indicate Normal rainfall (mm). E BSE FIE 7EE 8DE BASE 4Q0E 35E 10GE
c) Percentage Departures of rainfall are shown in brackets.
=2k =1k =gk [ ab 108 204

=Tk —7& =40 [ 7] 100 180



das-62
des-9z
das-£z
das-0z
des-/£1
das-p1
des-11
das-g
das-g
das-z
Brny-0€g
bry-/2
Bny-+2z
Bny-12z
Bny-81
Bnw-g1
Bny-zZ1
brvy-6
Bry-9
Bry-¢
INC-T€
INC-82
INC-S2
INC-22
INC-6T
INC-97
INC-ET
INC-0T
INC-£
INC-%
INC-T
unr-8z
un(-sz
une-zz
une-6T1
LUNC-97
UNC-£1
UNC-0T
une=/
Unr-4
UNC-T

N

I Std. Ri. Anom between +1.0 and -1.0

—-— Sid. Ri. Anom Greater than 1.0
—-— Std. Rf. Anom less than -1.0

il

Standardized Rainfall Anomaly over the Core Monsoon Zone Region 2023
1.._-_-.._-_-._.
I

0
M)
2

Aleulouy |[BjulRy paziplepuris



Cumulative Rainfall (% Departure) over East and North East India 2023
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Cumulative Rainfall (% Departure) over Central India 2023
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Depression 1-3 Aug 2023
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Flowchart of GEFS
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Flowchart of deterministic GFS
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runs for 240 hrs (10 days)
GFS Semi-Lagrangian
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Anomalous rainfall (mm/day) during JJAS 2023 from Obs and GFS T1534
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Observed Rainfall (mm/day) Anomaly
during AUGUST 2023

GFST1534 Rainfall (mm/day) Anomaly
during AUGUST 2023, Day-1
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SEEPS for GFS T1534 (JJAS) for Indian land points only OB>
D
Stable Equitable Error in Probability Space (SEEPS) score for GFS E L
T1534 JJAS 2018-2023 for Indian land points only. It is an error - H
score which uses the categories ‘dry (D)’ ‘light precipitation (L)’
: T , ) ; D L
and ‘heavy precipitation (H)’ based on the climatological
cumulative precipitation distribution.
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GFS T1534 forecast valid for 09t July
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GEFS T1534 : Rainfall (cm/dcy). Ens Mean (20 Ens) GEFS SL T1534 Probabilistic of E dance Precipitation GEFS SL T1534 Probabilistic of E dance Precipitation
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Percentile based forecast based on GFS valid for 09t July
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Day 3 forecast (2023070600 IC)
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‘ Spatial Forecast Verification: Contiguous Rain Area

Forecast Precipitation (cm/day)
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A new Global Model developed at IITM, Pune (HGFM)

Horizontal resolution T1534,Tco 765,1534,2300
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Sequence of ITTM HGFM Development

Variation of Resolution with latitude (km) Aq uap I anet+ Ia n d
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https://youtu.be/dxacESa28bY

Chiclet diagram (Carbin et al., 2016; Wang et al., 2017)
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Chiclet diagram of daily precipitation bias (cm/day; model-obs) forecasts from the model as
a function of the verification date (x axis) and lead time (y axis) over central India region.
Time series of daily mean precipitation (cm/day) is plotted in the lower panel in each plot.



Rainfall (mm/day)
Hovmollar diagram
averaged over 70E-90E
during JJAS 2023

Observation

Rainfall (mm/day) hovmollar diagram during JJAS @ave over 70E—90E
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Observation GFS T1534 Day-5 GFS TCO
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5 GFS_T1534  TCO_1534

MOES-ITM GFS T1534 : Rainfall (mm//day) MOES-ITM HGFM TCO1534 : Rainfall (mm/day)
orecast valid for 03710JUL2023 (1C=007709JUL2023

Rainfall event on 09 July 202

Forecost valid for 03710JUL2023
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The Ensemble Skill
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Hit Rate

Hit Rate

Relative Operating Characteristic (ROC) for rainfall forecast of JJAS 2023 from GEFS
T1534
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ICs considered : 00Z ICs from 6June to 15June 2023 for both GFS and TCO
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Landfall Errors
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2days accumulated rainfall (mm/day) from 03717 Dec to 03719 Dec 2023
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2days accumulated rainfall (mm/day) from 037217 Dec to 03719 Dec 2023
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What else Markov Model convey?

Steady state probabilities calculation
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Siddharth kumar et al. GRL
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Common issue in most CMIP model

Convective quasi-equilibrium (CQE)

Simplified Simplified 0CAPE 0CAPE JdCAPE
Arakawa Arakawa ot = ( ot > + ( ot >
Schubert (Pan  Schubert (Pan largescale convection

and Wu, 1995)  and Wu, 1995)

~

(GCAPE <6CAPE

at

>1argescale >convection

The tropical atmosphere does not obey
CQE on temporal scales of day and
shorter ( Zhang, 2003)

dCAPE

= CAPE(attimet+ 1) — CAPE(at time t) [kg{iay]

Arakawa and Schubert, 1974



LARGE-SCALE MOIST-CONVECTIVE
PROCESSES PROCESSES
FEEDBACK

FIG. I.1. A schematic figure showing the interaction between
large-scale and moist-convective processes.

Arakawa, Met. Mono. No.46, 1993



Convective quasi-equilibrium in CFSv2 models
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Siddharth et al. GRL, 2022



(a) ERA-5
Mean of dCAPE ERA-5 & TCO-day1 (b) TCO_1534
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Summary and Conclusion

GFS forecast skill for 2023 appears to be marginally better than
the season 2022

GFS forecast captured Monsoon depression and also the tropical
cyclone with good fidelity. However HGFM (Tco) shows better
fidelity .

The models tendency of producing more lighter rain persists 9both
Tco and GFS). Needs improvement. Possible through AT

Skill of GEFS probabilistic forecast has improved for monsoon 2023.
Typically Day 3 forecast skill of 2023 equivalent to Day 2 of 2022.

Extreme Forecast Index and probability of percentile provide better
skill for extreme with longer lead time.

Tco shows higher skill in longer lead for Heavy rain forecasts and
tropical cyclone forecasts and mostly resolves the spurious
orographic rainfall issue.




Observation 00Z08MAY2022
Brightness Temperature (K)
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