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Reference reading: PO Chapter 5.1-5.2, 4.1;
James Chapter 2.2, 2.4
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" SEFESER: Argo
- EEWSE. B
HERN8F EEX
METHE
= Consist of almost
4000 drlftlng, S ' : Surface layer
profiling float: ‘
temperature,

salinity and
currents.

u Cove rage since Descend to 1,000 m .‘-_ ls : Subsurface layer
and drift at this depth
2000s.

m Drift at 1000m,

Descend to 2,000 m every 10 days and then rise

every 1 0 days’ to the surface measuring temperature and salinity
dive to 2000m then
move to surface.
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BFEZ M Argo
BEIKEF. 12 .
HERN8F EEX
METHE .
Consist of almost
4000 drifting,
profiling float:
temperature,

salinity and
currents.

Coverage since
2000s.

Drift at 1000m,

every 10 days, 3861 oo o e e nomnfin 0TI D mmn ey 2oi
dive to 2000m then DI LIIUrIuemn oo omeonn jcommEps

move to surface.
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J 4\

Assume
5° grid

W

Ostatlon

1 1

From Stone, 2005

ARANIES oA

= # (radiosonde based)

Initial guess Qg for the actual field Q.

Refine Qg from any observations
within a certain distance of each grid

point:
=(1- Z Wi)Qg + Z WiQ;

The heart of the method is the
appropriate choice of the weights Wi. In
general, it depends on the distance of the
observation from grid points. More
sophisticated schemes might also
consider the balance condition between
variables.
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N/

2545 MG RFZHEIR R4 (data assimilation)

e Data assimilation:

process by which observations are incorporated into a computer model
of a real system;

In each analysis cycle, observations of the current (and possibly past)
state of a system are combined with the results from a numerical weather
prediction model (the forecast) to produce an analysis, which is
considered as 'the best' estimate of the current state of the system;

Data assimilation tries to balance the uncertainty in the data and in the
forecast.
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data assimilation * “froze” analysis technique

technique always in development,
e.g. using models with higher

resolution, better parameterization reanalysis data
NCEP/NCAR
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BoEE: ERA-40FINCEP/NCAR

NCEP(National Centers for Environmental Prediction)/
NCAR(National Center for Atmospheric Research)

Dataset Product:
1948.01.01-present, global grids
4-times daily and monthly
Horizontal: 2.5 X 2.5 degree (Basic)
Vertical: 17 pressure levels (Basic)
Model for data assimilation: T62 with 28 levels

Reference: Kalnay et al.,1996: The NCEP/NCAR 40-year
reanalysis project, Bull. Amer. Meteor. Soc., 77, 437-470.

http://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.html
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4

N

» NCEP/NCAR B9 #f
o WIBsENknE

= A (strongly influenced by observed data, hence, in the most
reliable class): geopotential height, T, u, v...

= B (although there are observational data directly affecting the

value of the variable, the model also has a strong influence):
relative humidity, w(vertical velocity), lowest level u and v...

= C (no observations directly affecting the variable, so that it is
derived solely from the model forced by the data

assimilation): radiation fluxes, surface heat fluxes, cloud forcing,
precipitation rate...

= D (fixed from climatological values and does NOT depend on
models): surface roughness, surface geopotential height...
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BoWEE: ERA-40FINCEP/NCAR

ERA-40 (earlier ECMWEF re-analysis, ERA-15, 1979 to 1993)

Dataset product:
mid-1957 to mid-2002, global grids
4-times daily, monthly
Horizontal: 2.5 X 2.5 degree (Basic)
Vertical: 23 pressure levels (Basic)
Model for data assimilation: TL159 with 60 levels

Reference: Uppala, S.M., Kallberg, P.W., Simmons, A.J., Andrae, U., da Costa Bechtold, V., Fiorino, M., Gibson, J.K., Haseler, J.,

Hernandez, A., Kelly, G.A., Li, X, Onogi, K., Saarinen, S., Sokka, N., Allan, R.P., Andersson, E., Arpe, K., Balmaseda, M.A., Beljaars, A.C.M.,
van de Berg, L., Bidlot, J., Bormann, N., Caires, S., Chevallier, F., Dethof, A., Dragosavac, M., Fisher, M., Fuentes, M., Hagemann, S., HoIm,
E., Hoskins, B.J., Isaksen, L., Janssen, P.A.E.M., Jenne, R., McNally, A.P., Mahfouf, J.-F., Morcrette, J.-J., Rayner, N.A., Saunders, R.W.,
Simon, P., Sterl, A., Trenberth, K.E., Untch, A., Vasiljevic, D., Viterbo, P., and Woollen, J. 2005: The ERA-40 re-analysis. Quart. J. R.
Meteorol. Soc., 131, 2961-3012.doi:10.1256/qj.04.176

http://www.ecmwif.int/products/data/archive/descriptions/e4/index.html,
http://dss.ucar.edu/pub/era40/
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NSRBI — BOEN

ERA-Interim:

Dataset:
1979 to 2019, global grids

3-hourly surface variables, 6-hourly upper air variables in
the troposphere and stratosphere, monthly mean

Horizontal: 0.75 X 0.75 degree (ERA40: 2.5 degree)
Vertical: 37 pressure levels (ERA40: 23 levels)
Model: TL255 (ERA40: TL159), 60 levels

Refe Frence:. pee DP, Uppala SM, Simmons AJ, Berrisford P, Poli P, Kobayashi S, Andrae U, Balmaseda MA,

Balsamo G, Bauer P, Bechtold P, Beljaars ACM, van de Berg L, Bidlot J, Bormann N, Delsol C, Dragani R, Fuentes M, Geer
AJ, Haimberger L, Healy SB, Hersbach H, Holm EV, Isaksen L, K " allberg P, K * ohler M, ™ Matricardi M, McNally AP,
Monge-Sanz BM, Morcrette J-J, Park B-K, Peubey C, de Rosnay P, Tavolato C, Thepaut J-N, Vitart F. 2011. The ERA-
Interim reanalysis: configuration and performance of the data assimilation system. Q. J. R. Meteorol.

Soc. 137: 553-597. DOI:10.1002/q;.828.

http://www.ecmwf.int/research/era/do/get/era-interim

RIREm: 5% 18


http://www.ecmwf.int/research/era/do/get/era-interim

RNIAMMEA — BT ER

ERA-Interim vs. ERA40:

Higher horizontal and vertical resolutions

Improved model: T255 horizontal resolution, improved model
physics, and improved fast radiative transfer model;

Better data assimilations to overcome the difficulties related to
the use of satellite data, including
4D-Var;

Variational bias correction of satellite radiance data, and other
improvements in bias handling;

More extensive use of radiances.
Improvements in:

representation of the hydrological cycle
the quality of the stratospheric circulation

the consistency in time of the reanalysed fields

RIREm: 5% 19



ERAS:

Dataset:
1979 to present, (back extension 1950-1978), global grids
Horizontal 0.25 X 0.25 degree (~31 km)

Vertical: interpolated to 37 pressure levels
Model: 31 km, 137 levels

Reference: Hersbach, H, Bell, B, Berrisford, P, et al.,2020: The ERA5 global
reanalysis. Q J R Meteorol Soc., 146: 1999- 2049. https://doi.org/10.1002/q;.
3803

https://www.ecmwf.int/en/forecasts/datasets/reanalysis-datasets/erab

BRIREUM: 5K0F
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NCEP Climate Forecast System Reanalysis (CFSR):

1979 to present, global grids of atmosphere, ocean and land surface
hourly, 6-hourly, monthly mean
Horizontal: 0.5 X 0.5 degree

Vertical: 37 atmospheric pressure (hPa) levels; 40 levels (m) for ocean; and
16 isentropic levels (K) for atmosphere

Model: a global atmosphere—ocean—land surface—sea ice coupled system

a global atmosphere resolution ~38 km (T382) with 64 levels extending from the
surface to 0.26 hPa;

a global interactive ocean (GFDL MOM4) with latitudinal spacing 0.25° at the equator,
extending to a global 0.5° beyond the tropics, with 40 levels to a depth of 4737 m;

a global interactive land surface model (NCEP Noah Land model) with 4 soil levels;
a global interactive sea-ice model with 3 layers.

Reference: Saha, Suranjana, and Coauthors, 2010: The NCEP Climate Forecast System
Reanalysis. Bull. Amer. Meteor. Soc., 91, 1015-1057.

http://cfs.ncep.noaa.gov/cfsr/
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HeBoh&aEs:
JRA25 (Japanese 25-year Reanalysis)

HASKR/T(The Japan Meteorological Agency, JMA)5 8B T /LMHASFER (the Central Research Institute of
Electric Power Industry, CRIEPI)

F—EWNFBNKEBSITEHIE, BHNZ—ARSIMNIIENRE, ZETERAAOFRKZENNEIE, HERT
IMAR IR R A SR ZHINLNIEE, B9, JRA-255E—X{EA T HRHSHEREREL (Wind profile retrievals
surrounding tropical cyclones, TCR, JEFEZ#IE). SSM/IFHZHER. PERERENE.,

Dataset:
Jan. 1979 to Dec. 2004 (26 years), global grids
4-times daily, monthly
Horizontal: 2.5 X 2.5 degree (Basic)
Vertical: 23 pressure levels (Basic)

Model: T106 with 40 levels

Reference: Onogi, K., J. Tsutsui, H. Koide, M. Sakamoto, S. Kobayashi, H. Hatsushika, T.
Matsumoto, N. Yamazaki, H. Kamahori, K. Takahashi, S. Kadokura, K. Wada, K. Kato, R. Oyama, T.
Ose, N. Mannoji and R. Taira (2007) : The JRA-25 Reanalysis. J. Meteor. Soc. Japan, 85, 369-432.

http://jra.kishou.go.jp/JRA-25/AboutJRA25 en.html

RIREAm: 5% 22


http://jra.kishou.go.jp/JRA-25/AboutJRA25_en.html

KSIRTAI — BAHT R

HeB8othas:

©  JRA-55
Release in November 2013 (now with JRA-55, JRA-55C, JRA-AMIP
option)
Dataset span from 1958 to present, global grids

4-times daily, monthly

Model: TL319 L60 (~60 km)

4Dvar data assimilation

Variational bias correction for satellite radiance data to reduce the jumps
New radiation scheme to reduce the temperature biases

Updated dynamical and physical processes

In contrast to JRA-25 where CO2 was held constant, JRA-55 ingests COZ2
http://jra.kishou.go.jp/JRA-55
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RSN 1D TN
Name Organization Period Model Resolution Assimilation
NCEP- NCEP-NCAR 1948-present T62 L28 3DVAR
NCAR(Reanalysis-1)
NCEP-DOE AMIP- NCEP-DOE 1979-present T62 .28 3DVAR
[I(Reanalysis-2)
NCEP CFSR NCEP 1979-present T382L.64 (coupled 3DVAR
model)

ERA-15 ECMWF 1979-1993 T106 L31 Ol
ERA-40 ECMWF 1957.9-2002.8 TL159 L60 3DVAR
ERA-Interim ECMWF 1979-present TL255 L60 4DVAR
JRA-25 JMA/CRIEPI 1979-2004 T106L40 3DVAR
JRA-55 JMA/CRIEPI 1958-present TL319 L60 4DVAR
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Summary of Atmospheric Reanalysis products

Namew

Byrd Polar Research Center,

The Ohio State University/ ASR VI; 30 km; 71 levels;

2000/01  Sub-daily,

David 10hPA top, ASR v2; 15 km; 71 30 km and 15 km
A t02012/12  Monthly
Bromwich,NCAR,CIRES,U levels; 10hPA top
lllinois
~125km; 160 x 320; 91
model levels/ 37 pressure
I 1901/01to  Sub-daily, levels / 16 potential |
2010/12  Daily, Monthly temperature levels, and g 2016
the 2 PVU potential
vorticity level
1979/01to  Sub-daily, .5°x.5° & 2.5°x2.5°, 0.266 |
NCEP 1382 x 64 level
2017/1 Monthly  hPAtop s 2009
1979/01to  Sub-daily,
ECMWF TI06, 2.5 x 2.5 T106 (1.125
1993/12  Monthly > e
~125km; 160 x 320; 91
model levels/ 37 pressure
TN 1900/01to  Sub-daily, levels [ 16 potential |
2011/01 Daily, Monthly temperature levels, and g 2012
the 2 PVU potential
vorticity level
1979/01 to Sub-daily, 0.75°x0.75°x60 lev 0.1 hPA |
ECMWF b T255, 60 level
2019/09  Daily, Monthly top oo 2006
1957/09
/ Sub-daily, 2.5°%2.5° [ 1.125°1.125°; 60 |
Dol o Monthly  levels 0.1 hPA to SRR Solovee 2004
2002/08 Y i P
; |
ISERioliel SLRIONY ol aTievels toila ; 2016; IFS

2022/06 Daily, Monthly o auas

https://climatedataguide.ucar.edu/climate-data/atmospheric-reanalysis-overview-
comparison-tables
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Summary of Atmospheric Reanalysis products

Namew

Japanese Meteorological
Agency
Japanese Meteorological
Agency

NASA

NASA Global Modeling and
Assimilation Office

NCEP

NCEP,DOE

NCEP,NCAR

NOAA ESRL,CIRES CDC / Gil
Compo

1979/01 to
2004/12
1957/12 to
2022/09
1979/01 to
2016/02

1980/01 to
2017/

1979/01 to
2022/09

1979/01 to
2022/09
1948/01 to
2022/09

1850/12 to
2014/12

Sub-daily,
Monthly
Sub-daily,
Monthly
Sub-daily,
Monthly

Sub-daily,
Daily, Monthly

Climatology,
Sub-daily,
Monthly
Sub-daily,
Daily, Monthly
Sub-daily,
Daily, Monthly

Sub-daily,
Daily, Monthly

1125x1.125/2.5x2.5; 0.4 hPA
top

T319 x 60 levels, 0.1 hPA top
0.5°x 0.667° x 72, 0.01 hPA
top

%° latitude by %°
longitude by 72 model
levels (also interpolated to
42 pressure levels)

32km

2.5°x2.5° 28 levels 3 hPA
top

2.5°%2.5°; 3 hPA top 7

2°x2°, 28 levels 10 hPA top SolF

TI06, 40 levels
T319 x 60 levels

0.5°x 0.667°x 72

Cubed sphere grid,
stored at %° latitude
by %° longitude by 72
model levels (also
interpolated to 42
pressure levels)

32km x 45 eta

37162 28 levels

162 - 28 levels

3T62 28 levels

2003
2001

1995

er | 2009

https://climatedataguide.ucar.edu/climate-data/atmospheric-reanalysis-overview-

comparison-tables
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RENRIA — BB D54

In this course, instead of weather, we are rather interested in the
“climate” of the atmosphere, i.e., in the average state over some

time:
A= 1 / Adt
T Jo

where 7 might be a season, a year, or some multi-year,
multi-decadal period.

The fluctuating part:
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A =0

However, this does NOT mean that the fluctuating part
of the field 1s irrelevant to climate.

For example, kinetic energy per unit mass

1—- 1 1 —
§U2 — 5(1_1, -+ ”U,/)2 — 5(1_1,2 -+ U/Z)
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Climate generally varies more strongly with latitude than with
longitude (as we will see) and therefore much attention has
been devoted to the zonal mean climate and how it is

maintained. The zonal mean state: o

1

pﬂ::——/n AdA
27 0

The eddy part:

A" = A — [A] and [A*] =0

The covariance in time and space:

AB = AB+ A'B
AB] = [A]|B] +[A™B’]

BRIREUM: 5K0F
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Decompose a field in both time and space: (the results depend on whether
we average in time or zonally first.

T] = [([v] +o*)([T] +T*)] = [l[T] + [0*T"]
= ([o] + RI)(T] + [T)) + [T
= [][T] + [ [T]" + [v*T™]

transport by the transport by the transport by the

steady mean transient mean spacial eddy
meridional meridional circulation
circulation circulation
— - = e Ny

Alternatively, / wT] = [+ v)(T+T"] = [oT]+ [v'T']
| = [([p] +o")(T] + T7)] + [v'T"]
W][T] + [0°T*] + [o'T"]

| transport by transport by
\_ statlonary eddies tranS|ent eddies
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WT] = [(0+v)(T+T"] = [0T]+ [v'T']
= ([ + o))+ T) + [T
= [T+ 0T+ [0T)
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WT] = [(0+v)(T+T")] = [0T] + [v'T]
= [([p] + o)(T] + T7)] + [v'T"]
= I+ [0 7] + 0T
Station A Station B
u v u \ [u] [v]
Day 1 0 2 6 6 3 2
Day 2 2 4 4 8 3 2
Time mean 1 3 5 7 3 2
Station A Station B Station A Station B
u* v* u* v u’ v’ u’ v’
Day 1 3 -4 3 4 Day 1 -1 1 1 -1
Day 2 -1 -6 1 6 IE’ 2 1 -1 -1 1
Time mean -2 -5 2 5 u'v' -1 -1
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pressure (mb)

RENRIA — BB D54

WT] = [(0+v)(T+T)] = [oT] + [v'T"]
= [([p] + o)(T] + T7)] + [v'T"]
= DI[T]+ [0"T7] + [v'T"]
Statlonary eddy transport Vs (10'* W) DJF
200
400 @
600
800
1000 (\ ===
—80 ~60 - Ql'ranS|en9 eddy transportV ?1014W

200
400 B e N
600 /i - : B
s00” (\ ‘\'\!L\\/u
1000 -80 —60\ - ——40/ - -20 0 20 40 60 80

20

10

-10

-20

20

10
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RENRIA — BB D54

+ o) (T +T)] = [vT] + [v'T"]
o] + 0" )([T]+ T7)] + [v'T"]
]+

(@
= (]
o|[T] + [0°T*) + [0'T)

]

Stationary eddy transport Vs (10'* W)

. ¥ TDT

- QTranS|enP eddy transport V2?1 0'4 W

80
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