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Martin et al (2021), Understanding the development of systematic errors in the Asian Summer
Monsoon.Geosci. Model Dev., 14, 1007-1035, https://doi.org/10.5194/gmd-14-1007-2021

ASM biases develop rapidly after initialisation to resemble, or even
exceed, long-term systematic errors within a few days

Martin et al. (2021) showed:

» anomalous divergence over the Maritime
Continent, with deficient precipitation and
cooling SSTs, develops soon after initialisation;

» southerly anomalies into the South China Sea
develop into westerly anomalies that form the
southern flank of an anomalous cyclonic
pattern over the W Pacific;

= anticyclonic anomalies develop over India
rapidly after initialisation;

» a SST & rainfall dipole anomaly pattern
(resembling a positive |IOD) develops over the
Eqg. Indian Ocean, associated with anomalous
southeasterlies along Sumatran coast.
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e Regional relaxation (“nudging”) experiments

» Temperatures and winds “nudged” back to reanalyses with a 6-hourly relaxation time scale at all model
levels.

= Assuming a linear response, the difference between the Control and the “Nudged” simulations then

gives an indication of the role played by the nudged region in the biases that occur in the Control in
other locations.

= Parallel experiments in GloSea5 hindcast ensemble and coupled NWP (José Rodriguez).

Nudging regions

~ > D
- ) @fj
S e S
5o India D
N 5

~ 0
\ ﬁl'-“larittr'ne Continent . .
0* ' == Martin and Rodriguez
Eq Indian Ocean :
o fprresy \ (2024): Weath. Clim.
Co 2 Dyn., 5, 711-731,

15° /} M \ https://doi.org/10.5194/
El:ll"’E 9[}I°E 120°F 150°F wcd-5-711-2024




Control
Pentad 36 25—29June

R aanr LLERE]
BB
L eamn S AT LT

P IR
)y

Error when Nudging MC region
Pentad 36 25-29 June

Errors contributed by MC region

T ™ d
R e L T Y]

[ESVOpPRRAaa LT
Lvssrsasrrry ki
Tasaspmmrrrafs "y
B LA v
b tiaadne v

PR,

Pentad 36 25-29 june

; !
0w
z z o ¢
n
& A =
2
s ©
Mm
; =0
L0
Es
4
=5
w

120°E

90°E

°E

60

90°E 120°E

60°E

120°E

90°E

850 hPa

winds and
rainfall

0 2w B

0 o Pmst B

2.%5m G 25

10

kg m~2 day~!
Pentad 38 5-9]uly

kg m~2 day*
Pentad 38 5-9July

kg m~2 day~!
Pentad 38 5-9 July

lezariswsa s
s s s

EERE

[ramraraeenenhtds ¥
wespravnpbhbdn -

any
v
e hhe aaarr
sadfe .u 2
—srovuukbitnz
ﬁ B LR e
Cankbbkariy ...
. ,“. .t \

120°E

120°E

90°E

60°E

Start dates
25t June

- ) 60°E 90°E 120°E
-10 -5 0 5

ing

Nudg

0

E 2.%5m st 2

Pentad 40 15-19 July

Maritime

10 - 2.%5m st 5

Pentad 40 15-19 July

10 2.}>5m 51 25

Pentad 40 15-19 July

kg m—2 day!

120°E

90°E

°E

60

kg m-? day~*

kg m~2 day~!

90°E

120°E

90°E

120°E

°E

60

Continent
(MC)

15°S

.%sm st 25

- 2

10

-10

o2 - ngm st 2

kg m—? day!

kg m~2 day!

kg m~2 day~!



TernRes
TwERRRRbbAA -

S hei L0
BB
L eamn S AT LT

0 2w B

Control
Pentad 36 25-29 June
90°E 120°E

0
kg m~2 day~!
Pentad 38 5-9 July

-5

60°E

N R 2 ‘ 4 . 022
st : 3 ST
60°E 90°E 120°E
-10 -5 0 5 10 - 2.%5m 51 25
kg m—2 day!
Pentad 40 15-19 July

10 2},5m5 . 25

E

.

120°
120°E

5

kg m-2 day!
Pentad 38 5-9 July

90°E

I | [

=5

90°E
[ [ [
0

=5

0°E

60°E

6

Error when Nudging EIO region
Pentad 36 25-29 June

-10

60°E 90°E 120°
[7 T [
10 -5 0 0 _ L5, .0 5
kg m-2 day*
Pentad 40 15-19 July

(e)

2.%5m g7t 3

10

120°E
E

90°E
B | [
0
kg m~2 day*

-5

120°
B [ R

-5

5

90°E

Pentad 36 25-29 June
Pentad 38 5-9 July

°E

60

Errors contributed by EIO region

@)

-10

60°E 90°E  120°E
N | [
10 -5 0 5 10 _ L5, .1 25
kg m~2 day!
Pentad 40 15-19 July

(b)

(c)
”

Ministry of
Earth Sciences

Indian Ocean

Nudging Eq
(EIO)

winds and

rainfall
Start dates
25t June

850 hPa

90°E 120°E
- 0 2 Pms: B
kg m~2 day!

60°E

J

kg m~2 day*

0

-10

I

|

5
kg m-2 day!

0

-10



Ministry of
Earth Sciences

SST
Start dates
25t June

Nudging
Maritime
Continent
(MC)

Errors contributed by MC region

Pentad 36 25-29 June

(]
30°N+
15°N 1
o°
15°5 (/? \
60°E 90°E 120°E 150°E
-1.0 -0.5 0.0 0.5 1.0
K
Pentad 40 15-19 July
= i)
30°N 4 {ﬁfﬂ
15°N 1
o°
R
15°5 (/} \
60°E 90°E 120°E 150°E
-1.0 -0.5 0.0 0.5 1.0
K
Pentad 44 4-8 August
(=]

30°N |

15°N 4

o°

1575+

%’\)65?/)’“

-1.0

60°E

90“’E 126°E 156"E

-0.5 0.0 0.5 1.0

30°N

15°N

0°

15°S

BT [ [ T .

30°N

Error when Nudging MC region

Pentad 36 25-29 June
=

120°E 150°E

-1.0 —0.5 0.0 0.5 1.0

K

Pentad 40 15-19 July

90°E 120°E 150°E

-1.0 -0.5 0.0 0.5 1.0

K
Pentad 44 4-8 August

150°E

lZd“E

-1.0 —0.5 0.0 0.5 1.0

30°N A

Control

Pentad 36 25-29 June

90°E 120°E 150°E

-1.0
K

Pentad 40 15-19 July

30°N
15°N
0°-
S,
RS
15°5 N
60°E 90°E 120°E 150°E
-1.0 -0.5 0.0 0.5 1.0
K
Pentad 44 4-8 August
30°N
15°N
i
15754 Y O
60°E 90°E 120°E 150°E
| |
-1.0 -0.5 0.0 0.5 1.0

K



== M

Ministry of
Earth Sciences

SST
Start dates
25t June

Nudging Eq
Indian Ocean
(E10)

Errors contributed by EIO region

Pentad 36 25-29 June

30°N 4
o ﬁ«-
e q
15°54 Ly
60°E 90°E 120°E 150°E
-1.0 —0.5 0.0 Q.5 1.0

K
Pentad 40 15-19 July

90“’E 126"E 156°E

-1.0 —0.5 0.0 0.5 1.0

K
Pentad 44 4-8 August

150°E

120°E

-1.0 -0.5 0.0 0.5 1.0

30°N -

Error when Nudging EIO region

Pentad 36 25-29 June

?3?%fgiﬁ:'

- 7
\Jf 5
0° {j:? ] ;
5 == P
- g oy,
i .
60°E 90°E 120°E 150°E
-1.0 —-0.5 0.0 0.5 1.0

30°N 4

15°N

0°

15°S 4

K
Pentad 40 15-19 July

90“’E 12|D°E 15&]°E

-1.0 -0.5 0.0 0.5 1.0

K
Pentad 44 4-8 August

Control

Pentad 36 25-29 June

30°N -
15°N
0° -
15°5 N
60°E 90°E 120°E 150°E
=10 -0.5 0.0 0.5 1.0
K
Pentad 40 15-19 July
30°N -
15°N
0° 1
S,
o =
15°5 (/} 8
60°E 90°E 120°E 150°E
- -0.5 1.0
Pentad 44 4-8 August
30°N -
15°N
o
15°5
60°E 90°E 120°E 150°E
-0.5 0.0 0.5 1.0

K

g e ey



Ministry of
Earth Sciences

= Met Office

Temperature

(K day*)

Nudging increments for
the first 3 pentads after
initialisation on 25 Apiril,

averaged over 10-

member ensembles and

from 1993-2015.

Meridional wind
(m s day?)

Pentad centred 04-28
hd

Pentad centred 05-03

Pentad centred 05-08

—
10000 - 10000 10000
8000 A 8000 8000 4
E £ E
= £ £
= 6000 o 6000 o 60004
v U W
= e =
3 ouvanll % - —~aglp T & --uip
4 4000 & 4000 & 4000
2000 A 2000 o 2000 4
-15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15 -15 -10 -5 0 5 10 15
Latitude / degrees Latitude 7 degrees Latitude / degrees
=20 =5 0 5 20 =20 =5 0 5 20 =20 =5 0 5 20
K day~! K day™* K day™t
Pentad centred 04-28 Pentad centred 05-03 Pentad centred 05-08
. .. . = =, . . O Wy .. .. B TNy W=V X
10000 - 10000 - 10000
“———- s C eA—— - o « [ -
B e — — IR - - - - -
IS 8000 1 e e e e d—d——— - - > > - £ 8000 - TR e > - - - - I 8000 - .-
= . — ——— > — > - : » ———— -— - o : - >
E” 6000 - e e e A = e 'E" 6000 » b d——t > > s e 'Ea 6000 - -
g LT L SR S P e s > 2 -
E L e e e o e < e E’ ———r st ————— > = = - E P
g 4000 - e e e s <= s == - -| & 40004 > < —a—— . > T 4000 - -
B I N T -
- < [T B Y P
w001 IIESSIIIIIRTC 0000 © IWEITTLIEEDCTS 2000 :
P S - . — SRR, .. . "
P S s S PR
P — S b3 .
15

-15 =10 -5 0 5 10
Latitude / degrees

BT T T

-20 -5 0 5
ms~! day!

20

-15 =10 -5 0 5 10

m s~ day~t

=15 =10 -5 0 5 10 15
Latitude / degrees

[T

—20 -5 0 5 20
m s~ day~!

Latitude-height cross sections across MC nudging region
(95°-160°E, 10°S-10°N, with 10° damping zone on all sides).



= Met Office

~~ Equatorial Indian Ocean SST errors

Earth Sciences

OISSTv2 obs Control Nudging MC

Correcting the circulation ¥ 4 9
errors over the MC region — ¥ v 9
reduces the SST dipole - T

i [ DO R IO | a0
errors in the EIO, but there I ]

.
v Y 3

X > " S : % - i o i GoF
55 60 65 70 75 8 8 90 9% 100 45 50 5 60 65 70 75 8 8 90 95 100 45 50 55 60 65 70 75 8 8 90 95 1d0

are remaining SST errors Nudging EIO Nudging Globally Nudging Indonesia
even When the global s loSeasNuagedzjoosz’Sminy‘s(;ssrvz }993-2015: t'«w Glta‘ie:."’NudgedGIt::baIOS\ZfmyinusOISSTvz 1993.20_15%:‘1\ __ Gloseas Nudged indonesia 0525 minus OISSTV2 1993.2015
atmospheric fields are 1o »win | i R\ U ) :
olAugu — % I a2 e 3 : 4 o &
nudged back to reanalyses. o .. =1 N \Q . \ 1 E
o1 jul | \ : (S e
I_ 1 l le o’ -
E)
1

Longitude 1 Longitude Longitude 1
-1.0 =-0.5 0.0 05 10 -1.0 -0.5 0.0 0.5 10 -1.0 -0.5 0.0 05 10
K K K

Longitude/time Hovmoller plots of SST in the EIO averaged between 10°S — 5°N in
observations, Control and various Nudging runs initialised on 25 May 1993-2015.



= Met Office

Ministry of
Earth Sciences

Differences in sea water
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between GloSea5 hindcasts
and ocean reanalyses at
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Spinup in Coupled NWP
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» Nudging experiments confirm that errors in the Maritime Continent region contribute substantially to the
Asian summer monsoon (ASM) circulation errors through their effects on the western North Pacific
subtropical high.

= Locally forced errors over the Indian region also contribute to the ASM errors.

= Errors arising over the Maritime Continent region also affect the circulation and sea surface temperatures
in the equatorial Indian Ocean region, contributing to a persistent error pattern resembling a positive
Indian Ocean dipole phase.

» This is associated with circulation errors over India and the strengthening and extension of the westerly
jet across southeast Asia and the South China Sea into the western Pacific, thereby affecting the Asian
summer monsoon circulation and rainfall patterns as a whole.

= However, errors developing rapidly in the deeper equatorial Indian Ocean, apparently independently of
the local atmosphere errors, are also contributing to this bias pattern.

» Analysis of atmospheric nudging increments to temperature and winds over the Maritime Continent
suggests that the errors in this region may at least partly be related to deficiencies in the convection and
boundary layer parameterisations.
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= Circulation, rainfall and SST errors in the Asian monsoon region have persisted through several
generations of global models.

= Examining how such systematic errors develop after initialisation in hindcast ensembles allows possible
contributing regions to be identified before feedbacks occur.

= Constraining the development of errors (e.g. by nudging variables to reanalyses) in such regions can help
to confirm their role in the wider monsoon systematic errors.

= Nudging increments can shed light on where in the model such errors originate (e.g. convection, boundary
layer schemes), thereby allowing targeted model development.

= This technique is being used to further understand SST errors in the equatorial Indian Ocean (see poster
Th-3.39 by Hannah Ellis on Wednesday).

= However, untangling and solving such robust systematic errors is a lengthy and complex process. Can
machine learning help with this in future??
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