Use of NWP models in Weather Forecasting
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What is Numerical We(ather Prediction?
JATHS ANGH JargH &1 8

The technigue used to obtain an objective
forecast of the future weather by solvmg a
set of governing equations that describe the
evolution of variables that define the present
state of the atmosphere




Electronic Numerical Integrator and Computer
Figure 3: The ENIAC computer in 1948. The operators are chang-

ing the plug-in wiring. (PLATZMAN, 1979).




MoES AADITYA (790 TF) at IITM, Pune
Presently belng used by IMD Delhi
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Components of an NWP model
g7 8&7 U1 HiseT & 3AIG

1. Governing equations THIHRUN T
* F=ma, conservation of mass, moisture, and thermodynamic eqgn., gas law

TP = TH U, GHHM, TH! 3R YHTSTIAIRS JHIDh 0T BT TREJU,
g g

2. Numerical procedures: I&ITdED UfchdTy
 approximations used to estimate each term (especially important for advection terms)
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. apprOX|mat|ons used to mtegrate model forward in time
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« boundary conditions I &1 Rufagi

3. Approximations of physical processes Wifde ufssaratt &1 e
(parameterizations)

4. Initial conditions/Boundary Conditions: IR fRufaar / i ot Rufaar
» Observing systems objective anaIyS|s initialization, and data assimilation
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Classification of weather forecasting

IGH YaHT &1 aifihom
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Depending on the time-scale the monsoon prediction can be
classified in to following four categories viz.,
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Short range - Up to 3 days dY Ay - 3 fgd do

Medium range ( up to 10 days in mid latitudes but can be
upto 7 days in tropics)

TH 3(qiY (HE i H 10 faq b, dfb- SUmicsdig § 7
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Extended range or intra-seasonal (Beyond 7 days up to a
month) o 3T a1 SE-HGHT (7 7 T T 7 F d &l 993)

Long range or seasonal (one season) 3t safd a1 4t (T dio)
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Tempo-spatial diagram of climatic phenomena

and corresponding models
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Single Model Ensemble Forecasting
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NWP model forecasttﬁroducts available in IMD
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Daily mean rainfall over India for the
country as a whole and 4 homogeneous
regions of India. (June to September
2017)
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2017 Monsoon(HI]-)

STANDARDIZED RAINFALL OVER THE CORE MONSOON ZONE REGION (2017)
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% Transition from Active to Break Monsoon (From last week of July to 1st
half of August) (A)
% Long dry spell of August (B) = 28 July to 17 August, 2017

* Weak to active transition - Heavy rainfall over Mumbai and adjoining region
during last week of August (C)

* Dry spell of 15t half of September (D)
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Active to Weak Transition

21-27 Jul (wl), 28 July -03 Aug (W2)
< Based on 19t" July, 2017
04-10 Aug (w3) 11-17 Aug (w4)

/

28 Jul -03 Aug (W1); 04-10 August (W2)

Based on 26 July, 2017
11-17 Aug (w3) ; 18-24 August (w4)

X

04-10 August (W1); 11-17 Aug (w2) ;
Based on 02 August, 2017

18-24 August (w3); 25-31 August (w4)
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OBSERVED (AISMR, NE, NW, CE & SP (%)

-20.4 +25.8 49.8 3.1

MME Forecast Rainfall For The PERIOD
04.08.2017 TO 10.08.2017

Observed Rainfall
04-10 Aug, 2017)

BAY OF BENGAL

CATEGORVWWISE
NO. OF SuBDIVISIONS =

cxcrss

DEFICIENT

NORMAL &
5
g

SCANTY =
NO RAIN (a%)

O CEAN
LEGEND: [l EXCESS [+20% OR MORE] [I] NORMAL (+199 TO -19%] [I] DEFICIENT [20% TO -59%4

I scanTv (603 TO 9939  [CINO NAIN [ 10039 CIno pata
NOTES:

(4] Rainfall figurcs ars based un MME Furcuast.

{6) Boi 1S indicate Forcoast Normal rainfall (mm.)

AISMR, NE, NW, CE& SP(%) [ AISMR, NE, NW, CE& SP(%)
257 208 -33.6 -49.6 -25.3 ENRORECLASRS

MME Forecast Rainfall For The PERIOD
04.08.2017 TO 10.08.2017

MME Forecast Rainfall For The PERIOD
04.08.2017 TO 10.08.2017

IC=19 Jul

MME Forecast Rainfall For The PERIOD
04.08.2017 TO 10.08.2017

IC=02 Aug | e

=26 Jul

PAKISTAN
PAKISTAN

(-93%)
Wast Rajasthan
14.8

BAY OF BENGAL

CATEGORYWISE & Goa BAY OF BENGAL \
¢ i : 109.3 |
BAY OF BENGAL ARABIAN SEA K A NO. OF SUBDIVISIONS B };
it
EZ::L : O CATEGORYWISE R
CATEGORYWISE misaen) : 15} ARABIAN SEA o NO. OF SUBDIVISIONS .
NO. OF SUBDIVISIONS ! o
5 SCANTY 7 ) —— 3 i
excess B - NO RAIN ° ol NORMAL 0 5
NORMAL ) - 836 ) DEFICIENT 15 1
DEFICIENT kil & .9_, SCANTY 10 -
SCANTY 10 - NO RAIN o (70%)
INDIAN LANKA O CEAN . -
NO RAIN o o 8
Lakshadwesp -
"
AISMR, NE CE& SP(% " fow )
y) ’ (1] INDIAN LANKA OCEAN
INDIAN LANKA OCEAN
LEGEND: [0 EXCESS (+20% OR MORE) [C] NORMAL (+19% T0-19%) [ DEFICIENT [-20% TO -592%)
LEGEND: [O] EXCESS (+20% OR MORE] [[] NORMAL [+19% T0-19%) [0 DEFICIENT [-20% TO -59%) -45_4 9_8 -79_7 -38_7 ] SCANTY [60% TO -99%) [ NO RAIN [-100%) [CIno paTA

[JscanTy (60% To-99%) [] NO RAIN [-100%) [Ino pata



X

Long dry spell of August

s

&%

28 Jul -03 Aug (W1); 04-10 August (W2)

@on 26 July, 2017
11-17 Aug (w3) ; 18-24 August (w4)
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Observed Dry Spell (28 Jul-17 Aug)

AISM
-29.9

’ NEI
-28.8

NW,
-4.2

CE& SP (%)
-49.1

MME Forecast Rainfall For The PERIOD
28.07.2017 TO 03.08.2017

PAKISTAN

& G BAY OF BENGAL
244.1 |
éﬁ;y,_n
CATEGORYWISE
ARABIAN SEA NO. OF SUBDIVISIONS =
ExcEss 4
NORMAL 9
(55% DEFICIENT 13
45.5-, SCANTY 10
i NO RAIN o

Lakshadwesp 132.7

-39.2

SRI
INDIAN [LANKA\ OCEAN

LEGEND: [T EXCESS [+20% OR MORE] [C] NORMAL (+19% T0-19%) [I] DEFICIENT (-20% TO -59%)
[]scanTy (-60% To-992%) ] NO RAIN [-100%) [Ino pata

AISMR, NE,
-20.4 25.8

NW,
9.4

CE& SP (%)
-49.8 3.1

MME Forecast Rainfall For The PERIOD
04.08.2017 TO 10.08.2017

PAKISTAN

BAY OF BENGAL

CATEGORYWISE
NO. OF SUBDIVISIONS

ARABIAN SEA
(-27%)
Ceasual

EXCESS 8
NORMAL 9
DEFICIENT 12
SCANTY 7
NO RAIN [

ESRI\
INDIAN LANKA OCEAN o

LEGEND: [0 EXCESS (+20% OR MORE) [C] NORMAL (+19% TO -19%) [I] DEFICIENT [-20% TO -58%)
[] scanTy (60% To-99%) [] NO RAIN [-100%) [ no DaTA

NOTES:

AISMR, NE,
-16.6

PAKISTAN

CE &
-28.9

NW,
-65.4

SP (%)

75.3 -8.0

MME Forecast Rainfall For The PERIOD
11.08.2017 TO 17.08.2017

(211%)
120.7

\
BAY OF BENGAL h Y

s
CATEGORYWISE
NO. OF SUBDIVISIONS £y
EXCESS ° "
0
NORMAL 4 5
DEFICIENT 1 i
SCANTY 12
=
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LEGEND:

NOTES:

O] EXCESS (+20% OR MORE] [[] NORMAL (+19% T0-13%] [I DEFICIENT [-20% TO -59%)
[ scanTy (60% T0 -99%) [C] NO RAIN [-100%) [INo paTA

OBS

28 Jul-03 Aug
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ERF Week 1 to Week 3 forecasts

based on IC : 26 July, 2017 (28 Jul-03 Aug, 04-10Aug, 11-17Aug)
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MME Forecast Rainfall For The PERIOD
28.07.2017 TO 03.08.2017

BAY OF BENGAL

CATEGORYWISE
NO. OF SUBDIVISIONS

EXCESS. 8
NORMAL B
DEFICIENT 13
SCANTY 10
NO RAIN o

45.8 L d
SRI
INDIAN ﬁumm\ OCEAN

LEGEND: [I] EXCESS (+20% OR MORE) [I] NORMAL (+19% T0 -19%5) [I DEFICIENT [-20% TO -59%)
[ scanTY (-60% TO -99%4) [ No RAIN (-100%) O no paTA

NOTES:
(a) Rainfall figures are based on MME Forecast.

[b) Bold figures indicate Forecast Normal rainfall (mm.)

[c] Percentage Departures of Rainfall are shown in Brackets.
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04.

N - B
Lakshadwees| 359
ESRI %
INDIAN LANKA o

MME Forecast Rainfall For The PERIOD

08.2017 TO 10.08.2017

BAY OF BENGAL

o
CATEGORYWISE 5
NO. OF SUBDIVISIONS =
EXCESS 6 a
NORMAL 6 5
DEFICIENT 7 i
SCANTY 7 o
NO RAIN o 19%)
4 & N rotanas
6
&,
CEAN

BAY OF BENGAL

CATEGORYWISE
NO. OF SUBDIVISIONS

EXCESS 2
HORMAL 12
DEFICIENT 15
SCANTY 7

NO RAIN o

: = Tamilnadn &
344 =
INDIAN ELANKA\ O CEAN

MME Forecast Rainfall For The PERIOD
11.08.2017 TO 17.08.2017

NOTES:

LEGEND:

] scanTY (-60% TO -992%5) [ no RaIN [-100%9

[a) Rainfall figures are based on MME Forecast.
[b) Bold figures indicate Forecast Normal rainfall (mm.)
[c] Percentage Departures of Rainfall are shown in Brackets.

[0 ExCESS (+20% OR MORE] [[] NORMAL [+19% TO -19%) [ DEFICIENT [-20% TO -59%

I nNo DaTA

LEGEND: [I] EXCESS (+20% OR MORE) [C] NORMAL (+19% TO -19%) [I] DEFICIENT [-20% TO -59%4)

[ scanTY (-60% TO -99%) [ NO RAIN [-100%) O no pata
NOTES:
(a) Rainfall figures are based on MME Forecast.
[b) Bold figures indicate Forecast Normal rainfall (mm.)
(c] Percentage Departures of Rainfall are shown in Brackets.

Week 1 (28 Jul-03 Aug)

]
-10 -3.8
-20
< -26.2
.40 -31.8

-48.2
-57.2

AISMR NE India NW India CEIndia South
Peninsula

Week 2 (04-1

0 Aug)

9.8

-55.1

-45.4

I -38.7

-79.7

AISMR  NE India NW India

CE India South
Peninsula

Week 3 (11-17 Aug)

-10 -1.6

-28.3

e 474 43

-8.3

AISMR NE India NW India CE India

South
Peninsula




Weak to Active Transition (C)

IC 23 August (Week 1 forecast)
25 Aug-31 Aug

IC 16 August (Week 2 forecast)
25 Aug-31 Aug

IC 09 August (Week 3 forecast)
25 Aug-31 Aug

IC 02 August (Week 4 forecast)
25 Aug-31 Aug
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OBSERVED (AISMR, NE,

NW,

24.2 -17.6 -15.0 55.2 71.0

CE & SP(%))

MME Forecast Rainfall For The PERIOD
25.08.2017 TO 31.08.2017

o |C=23 Aug

PAKISTAN

BAY OF BENGAL
81.1

CATEGORYWISE
NO. OF SUBDIVISIONS “
EXCESS 7
DEFICIENT 8 il
SCANTY 0
NO RAIN o -18%)
|4 & N Tatanas
18.2
.
INDIAN LANKA OCEAN
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o Observed Raiufall For The PERTOD
25.08.2017 TO 31.08.2017

PAKISTAN

CATEGORYWISE
NO_OE SUBIIVISIONS

) 363 Eexcess 13
NORMAL s

DEFICIENT 12

[
45.0 SCANTY 1
A NO RAIN 0
S

INDIAN

LEGEND: [E EXCESS (+20% OR MORE) [T NORMAL (+19% TO -19%9) I DEFICIENT £20% TO -59%)
[CdscanTy (60% To 9930  [CINO RAIN (-100%) [ no pata

qures are based on MME Forecast

= indicate Farecast Narmal rainfall (mm.
(0 Percentage Departures of Ralnfall are shown In Brackets.

ERF FORECASTS

LEGEND: [ EXCESS (+20% OR MORE) [[] NORMAL [+19% TO -19%) [ DEFICIENT [-20% TO -59%)

[ scANTY (-60% T0 -992¢ ] NO RAIN [-100%) [ No DaTA
NOTES:
ainfall figures are based on MME Forecast.
{b) Bold figures indicate Forecast Normal rainfall (mm.)
[c] Percentage Departures of Rainfall are shown in Brackets.

MME Forecast Rainfall For The PERIOD
25.08.2017 TO 31.08.2017

PAKISTAN

BAY OF BENGAL

pa
CATEGORYWISE
ARABIAN SEA ¢ NO. OF SUBDIVISIONS 3
13%) Coastal AP W
&
Eo ek 5.2 excess 20 i
33.9 NORMAL 10 D
(-20%] DEFICIENT 6 G
454 SCANTY o
NO RAIN

Observed Rainfall
(25 — 31 Aug, 2017)

NE,

NW, CE&
-1.7 48.1 70.9

SP (%)
59.5

MME Forecast Rainfall For The PERIOD
25.08.2017 TO 31.08.2017

IC=09 Aug

PAKISTAN

BAY OF BENGAL

e
CATEGORYWISE
NO. OF SUBDIVISIONS “
EXCESS 24 o
NORMAL " 5
DEFICIENT o 1
scaNTY 1
NO RAIN o co%)
b & ¥ Ttama
8.7

INDIAN LANKA OCEAN
LEGEND: [ EXCESS [(+20% OR MORE] []NORMAL (+192% TO -192 [[] DEFICIENT [-20% TO -59%)]
[ scaNTY (602 T0-992 [[] NO RAIN (-100%) [Ino pATA
NOTES:

{a] Rainfall figures are based on MME Forecast.
[b] Bold figures indicate Forecast Normal rainfall fmm.
(¢ Percentage Departures of Rainfall are shown in Brackets.



Dry spell of September (first half)
IC 30 August, 2017

ERF Forecast based on 30 August 2017

Model could predict the dry spell for first half of September, 2017 .
However, week 3 forecast valid for 15-21 September, 2017 could not capture the reviv



AISMR,
-28.0

NE, NW,
2.8 -15.8

CE& SP (%)

73.8 48.9

AISMR,
24.0

ust

CE& SP (%)
1152  18.6

NE, NW,
-18.0 -64.2

MDME Forecast Rainfall For The PERIOD
01.09.2017 TO 07.09.2017

ams Obs-01-07 Sep

BAY OF BENGAL

CATEGORYWISE

ARABIAN SEA NO. OF SUBDIVISIONS
(-93%)

Kapnars,

86.8

EXCESS 10
NORMAL F

DEFICIENT 8

SCANTY I
NO RAIN

SRl

INDIAN LANKA O CEAN

LEGEND:

[ EXCESS (+20% OR MORE)
] scANTY [-60% TO -99%) I No RAIN [-10026)

AISMR, NE, NW,
-16.5 21.2 255

[ no DaTA

CE& SP (%)
-63.7 -22.9

MME Forecast Rainfall For The PERTOD
01.09.2017 TO 07.09.2017

ERF Week 1

CHINA
PAKISTAN

BAY OF BENGAL

NO. OF SUBDIVISIONS

EXCESS 10
NORMAL 7
DEFICIENT o
SCANTY 10
NO RAIN u

59.0

o~
SRI
um:‘\ OCEAN

[ NORMAL (+19% TO -19%) [ DEFICIENT [-20% TO -59%)
[ NO RAIN [-1002%5) [Ino DaTA

INDIAN

LEGEND:

[ ExCESS (+20% OR MORE])
[J SCANTY [-60% TO -99%)
baced on

ate Forecast No fmm.)
{6l Potenmtinge Bapaitamn:af ik ore: slown s Hegiikoie:

HME o

3

NORMAL [+19% TO -19%) [I] DEFICIENT (-20% TO -59%)

INDIAN

MME Forecast Rainfall For The PERIOD
08.09.2017 TO 14.09.2017

BAY OF BENGAL

P it L -
EXCESS s Q‘
. b A
s :
ey %
Bl g e

/ |t |

& .

: X

ot

LANKA O CEAN

LEGEND:

NOTES:

[ EXCESS (+20% OR MORE)
O scANTY (60% TO -99%4

DI NORMAL (+15% TO -19%) [ DEFICIENT (20% TO -53%6)
O No RN (-100%) I no paTa

gures are based on MME Forecast.
[b] Bold Ilgures indicate Forecast Normal rainta
(2} Percentaye Departures of Rainfall are shuws

MDME Forecast Rainfall For The PERTIOD
15.09.2017 TO 21.09.2017

Obs- 15-21 Sep

CATEGORYY
NO.OF

EXCESS
NORMAL
DEFICIENT
SCANTY
MO RAIN

LEGEND:

[0 ExcESS [+20% OR MORE]
[ scanTY (60% TO -9925)

[ nORMAL [+192% TO -1925) [ DEFICIENT (2026 TO -592%6)
[ no RAIN [-10026) [ no DaTa

AISMR, NE,

-27.0

-9.5 -73.1

CE &
-38.2

NW, SP(%)

5.7

MMEL Forecast Rainfall For The PERIOD
08.09.2017 TO 14.09.2017

ERF Week 2

BAY OF BENGAL

NO.OF SUBDIVISIONS A
EXCESS 5 0‘
NORMAL 2 5
oeFciEnT - b
scanty 2 .
NO RAIN o i
ik S
s
4 B
.
SRl &
INDIAN LANKA OCEAN
1FGFND: [ FXCFSS (#20% OR MORF) [T NORMAI (+19% TO-19%9) D] DFFICIENT £20% TO -R99%)
] SCANTY (60% TO-995q  [C]NO RAIN (-10029 CINo DaTA ]
NOTE!
(a) Ral figures are based on MME Forecast. L

(b) Bold figures indicate Forecast Normal rainfall (mm.}
[e) Percentage Departures of Rainfall are shown in Brackets.

AISMR, NE,
24.1

NW, CE& SP(%)

-10.1 43.9 -6.7

PAKISTAN

INDTITAN

MME Forecast Rainfall For The PERIOD
15.09.2017 TO 21.09.2017

ERF Week 3

BAY OF BENGAL

CATEGORYWISE
NO. OF SUBDIVISIONS

EXCESS 2
NORMAL

DEFICIENT
SCANTY 7
NO RAIN o

ESRI
LAN& OCEAN

LEGEND:

NOTES:

[a) Rainfall figures are based on MME Forecast.
figurcs indicatc Forccast N
[c] Percentage Departures of Rainfall are show

(b) Bold

I EXCESS (+20% OR MORE]
I SCANTY (602 TO -99%6)

[ NORMAL [+192% TO -192§ [ DEFICIENT [-20% TO -592§)
1 NO RAIN (-10026 1 NO DATA

mal rainfal

mm.]
Brackets.




ABNORMAL WARMING DURING WINTER 2017
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Observed Winter Tmax
1 Dec 2016 -28 Feb, 2017

==m==Tmax, 2017
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Observed Tmax and its anomaly (10-16 Feb, 17-23 Feb), 2017
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Operational Extended Range Forecast with different lead time
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Summary

HIRTRA
< NWP and Coupled models are gradually
improving : Thus, Increased use of

dynamical model forecast (downscaling,
multi-model ensemble) for operational
use.

“* Medium and Extended range forecast can
provide useful guidance for various
sectors (Hydrometeorology, Agriculture,
Power etc) .
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