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Outline

« Background and motivation
* Methodology and validation

 Results of the operational GRAPES GFS model at
CMA

* Conclusions and discussion




Background

A randomly selected analysis field
Temperature 500 mb K

30N

60N

30N

30S

60S

90S
180 150W 120W SOW 60W  30W 0 30E 60E 90E 120E 150E 180

228 232 236 240 244 248 252 256 260 264 268

Analysis error (Analysis - Truth), how to measure?



Background

Accurate estimates of error variances in numerical analyses and
forecasts are critical:

- Evaluation of Data Assimilation (DA) and forecast system
- Tuning of DA system

- Proper initialization of ensemble forecasts
- Understanding uncertainties in Climate reanalysis

Traditional methods:
» Observations as proxy

- Sparse observations — no gridded information

- Fraught with observational error (including representativeness error)
» DA schemes themselves

- Computationally expensive

- Affected by same assumptions used in DA scheme, potentially
biased/inaccurate estimates
» Analysis in other DA systems as proxy
- Independent?
- Errors in analysis
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Background

Accurate estimates of error variances in numerical analyses and
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Statistical Analysis and Forecast Error (SAFE) Estimation

Pefa and Toth
(2014)
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= (X — Xo)2

Measurements

di2 = Xg + Xi2 — 20X, %,

Estimated quantities

Can we estimate unknown parameters with observed quantities?




Cost Function and Relevant Assumptions
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Validate Assumption 1 using GFS OSSE data
Truth i1s known

Ground truth: ECMWF operational model version c31rl

Analysis & Forecast model: NCEP GFS model

Data assimilation: 3DVar

Time period of samples: 3 July to 26 August 2005, 24-hour interval
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Short-range true forecast error variance almost grows exponentially!
Feng et al. (2020, QJRMS)



Analysis / Forecast Error Correlation

« With no DA step, analysis & forecast errors correlate at 1.0
« With one DA step, errors become de-correlated, 1 > pl >0;

o The effectiveness of forecast errors In £ =0

sampling analysis errors decays

exponentially in time

p,=Ccosf;. p,=COsB,; ...




Validate Assumption 2 using GFS OSSE data
Truth i1s known

Ground truth: ECMWF operational model version c31rl

Analysis & Forecast model: NCEP GFS model

Data assimilation: 3DVar

Time period of samples: 3 July to 26 August 2005, 24-hour interval

(a) Evolution of p; (U @ 500hPa) (b) Evolution of p; (T @ 500hPa)
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Feng et al. (2020, QJRMS)



SAFERER AR (Fengetal 2017, Tellus; 2020,2023 QJRMS)

« SAFE/G AR cost functionEZ tEMIAEL R T, /MU SKEER
SERFIRENEZMMARE, TEHITRERINRE

« Feng et al. (2017) #Ecost functiondr 5|\ T &4 A4 PR 1 I
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SAFERZERIA

% (Feng et al. 2017, Tellus; 2020,2023 QIRMS)

« SAFE/G AR cost functionEZ tEMIAEL R T, /MU SKEER
SERFIRENEZMMARE, TEHITRERINRE

« Feng et al. (2017) #Ecost functiond 5|\ T &5 Y PR 1 I

v MAFEMRFEENEBIREE KT ELIREE KSH (o) EITIRE

(REFENIRER

N, IRKBUNRIFIRZER RN

J = max (lff —ff‘ -wi) (i=0,1, ... ,n)

+ max

(|2 -£2| - wi) a=0.1, .. ,m),

13



Short-range Evolution of Forecast Error Variance @Dec2021-Feb2022

GRAPES_GFS real-time DA/Prediction system
NH: N30-70 degs; SH: S30-70 degs;

(a) UV @500 hPa (NH) ., {b) T @500 hPa (NH) (c) GH @500 hPa (NH)

— 401 i 1000
o {— Est per error var F—~ —
€ 30 {— Esttrue error var i % 3.0 1 5 % 800 -
g | o Actl per error var, 8 S 600
g 20 7 L2 20 1 S
% : g ] : %5 400 A
z L S 1.0 - . S
z F 2 1.0 - - S 200 A
2 LW - L0
L
. 0.0 0
0 05 1 15 2 25 3 0 05 1 15 2 25 3 o o5 1 15 2 25 3
: : Lead time (days
Lead time (days) Lead time (days) e (days)
(d) UV @500 hPa (SH) (e) T @500 hPa (SH) (fy GH @500 hPa (SH)
40 1 1 1 1 1 4.0 1 1 1 1 1 1000 1 1 1 1 1
© — o
“E 30 1 }%3.0 }%800'
® ] [ Q ] 2 600
O ] = ] =
S 20 - L .8 2.0 - [ &
27 g ] [ g 400 1
5 10 210 - S 200 1
g ] T ] L
- 0 d T T T T T 0.0 T T 0 ! ! !
0 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1t 15 2 25 3
Lead time (days) Lead time (days) Lead time (days)

e Good fitting of perceived error variance
e Analysis error variance unnegligible at early lead times



Isobaric level (hPa)

Isobaric level (hPa)

Annual Variation of Analysis Error - SAFE
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Annual Variation of Analysis Error - vs. ERA Reanalysis

Isobaric level (hPa)

Isobaric level (hPa)

200

250 -

300
500
700
850
925
1000

200
250
300
500
700
850
925
1000

200
250
300
500
700
850
925
1000

0.0 1.0 20 3.0 40 50
RMSE (m-s™)

1000

0.0 1.0 20 3.0 40 5.0
RMSE (m-s™")

200 1 ----- g

250 + 250
300 - et 300
‘ 500 -kl 500
f 700 ————?———ixel——i~ﬂ—}——$- 700
| 850 4 b1 850
| 925 t 925

+ 200
250
T 300
+ 500
L 700
£ 850
‘925
'+ 1000

0.0 0.5 1.0 1.5 2.0 25 3.0
RMSE (K)

+ 200

1 1000

0.0 0.5 1.0 1.5 2.0 2.5 3.0
RMSE (K)

ERAKIEGFEE—EANEIE
> UV,GHAY300F1500hPa
DIMREEEFEIR
ERAR IS HHELSAFE
« 500hPald_E{%1E
« 500hPaldl T afh

q
-c>€%§i'
A
<



d)
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Annual Variation of Analysis Error - SAFE
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Spatial Distribution of Analysis Error@500 hPa (2021)

SAFE ERAv

(b) ERAV analysis error (UV @500 hPa), RMSE = 2.69(NH),2.82(SH)
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Spatial Distribution of Analysis Error@850 hPa (2021)
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(d) ERAv analysis error (T @850 hPa), RMSE = 1.26(NH), 1.58(SH)
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Summary

« SAFEFERILURHGRAPES KA B D IIARER St
* GRAPESKXIg Y0 1rixZ=2016-202150#A R
- 2017-2018, UV (10%),T(23%),GH(19%)
B, 523D VarF 9 ZE4DVar
- 2018-2020, NH~9%, T, GH in SH, ~18%
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Discussion
o EEHFOD AR LRI 5 AFER)E
o AEENREMITEE
- SAFE (1. BEEICEM ; 2. BERETLR )
- Other methods (1. £ MHG1LT, 2. FERE )
- ZRE. ESTURPIINE, KSEFENPIINA. ...




Thanks for listening!
fengjiefi@fudan.edu.cn
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