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Verification/Validation Philosophy

e Efficient and comprehensive verifications guide the model development
and tuning activities at GFDL.

e The FV3team is composed of people with various research backgrounds,
so the verification subjects are extensive.

e We conduct model verification based on our research backgrounds
because model cannot simulate everything perfectly.

e We built the verification tools by ourselves so as to match our
requirements, such as priority, algorithms, work flow, plots, data format,
efficiency, etc.

e Model developers and verification team work seamlessly to boost the

processes of model development.




Verification/Validation at GFDL

e Basic Scores: ACC/Bias/RMSE (Linjiong, Xi, Jan-Huey, Shannon)
e Precipitation Scores: ETS/BS/FSS (Bill, Linjiong)

e C(limatology (multi-cases mean) (Linjiong)

e Radar Reflectivity/CAPE/Updraft Helicity (Lucas)

e Hurricane Track/Intensity (Jan-Huey, Morris, Tim, Kun)

e Hurricane Structure (Andy, Kun)

e Model Climatology & Biases (Baogiang)

e Real-time Forecast (Matt, Shannon)

e Kinetic Energy Spectra (Xi)




WMO Definition:

Basic Scores soo 09T [e-0-&5
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Anomaly Correlation Coefficient (ACC) is written as

o T=9@=0
V(-0 -(a=c)
Bias (BIAS) is written as
BIAS=TF—a

Root Mean Sqaure Error (RMSE) is written as

RMSE = \/(f —a)®

95% Confidence Level is defined as
o

Where f is forecast, a is analysis, c is climatology, o is standard deviation, n is the sample size, « is the critical t-test value. We

need to consider laitude weighting (w = cos ¢) when they are applied to the Earth.




Datasets

e NCEP Analysis (or ERA-Interim, MERRA)
e NCEP Climatology
e Operational GFS Forecast

e fvGFS Forecast
Resolution: 2.5 degree, 6 hourly

Domain: Global (90S-90N), Northern Hemisphere (20N-80N), Southern
Hemisphere (20S-80S), Tropics (20S-20N)

Time Period: From 01/16/2015 to 01/16/2016 (or present)
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ACC

ACC Diff.

Time Series
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Space-based vs. Time-based Statistics

GFS_A-NCEP

Total 75 cases h500 NH ACC
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To obtain the left-hand-side plots, there are two

pr0.11_163_hord5-NGEP
ir1.0_191_hord5-NCEP
irl.0 191 _hord6-NCEP

500 hPa height
ACC for model
forecasts

1 Difference w.r.t.

GFS forecast

methods:

1) Compute statistics (RMSE, STD, ACC, et
al.) on particular domain then do average on
time series

2) Compute statistics (RMSE, STD, ACC, et
al.) on time series then do average on
particular domain

— Take day 5 forecast as an example, we have 75
cases started from every 5 days on 20°N-80°N
domain.

Method 1) computes the ACC for all grid boxes

for each case, then do the average for all 75

T
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cases. (Space-based Statistics)

Method 2) computes the ACC for 75 cases on
each grid box, then do the average for all grid
boxes. (Time-based Statistics)

Space-based statistics are the one we are usually using.
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(c) 20N-80N H500 ACC w.r.t. ERA-Interim
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Precipitation Scores

Equitable Threat Score (ET'S) is written as

a—ar

ETS= ————
a+b+c—ar

ET'S measures how well did the forecast “yes” events correspond to the observed “yes” events. £ET'S = 1 means a perfect forecast.
ETS <0 means no skill.

Bias Score (BS) can be written as

a+b
a—+c

BS =

BS measures how similar were the frequencies of “yes” forecasts and “yes” observations. BS indicates whether the forecast system
has a tendency to over-forecasts (BS > 1) or under-forecasts (BS < 1) events. BS = 1 means a perfect forecast. BS = 0 or

infinity means the forecast is useless.

Fraction Skill Score (F'SS) can be written as

FBS

FSS =1 FBSworst

F'S'S ranges between 0 and 1, with 0 representing no overlap and 1 representing complete overlap between forecast and observed

events, respectively.

10



Datasets

e StagelV
e Operational GFS Forecast

e fvGFS Forecast
Resolution: 12 km, 6 hourly
Domain: CONUS (25N-50N, 125W-65W)

Time Period: From 01/16/2015 to 01/16/2016 (or present)
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Climatology (Multi-cases Mean)

last 5 days -

It is extremely expensive to run the 12km S

forecast model for a long time, like 10

years, to get a true climatology. case 2 -

case 3 -

But we can get the multi-cases mean

climatology from 10-day forecast of case 4 -

many cases.

case 5 -

Since the adjoined two cases (blue
lines) have 5 days overlapping. We can

either combine all first-five-day (green case 7 -

line) and all last-five-day (red line) to
form the climatology.

case 9 -

Now we can compare it with Analysis /

Reanalysis / Observations. case 10 -

first 5 days -

case 6 -

case 8 -
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Horizontal Distribution

PRATEsfc
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Energy Budget

EC- | fvGFS | fvGFS
Rad. | GFS | o pr0.11 | 191 h5
TOA 11.39 -1.83 -1.94 3.21
Net
SUF 1045 477 | 29 | 62
Net
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Verification/Validation at GFDL

e Basic Scores: ACC/Bias/RMSE (Linjiong, Xi, Jan-Huey, Shannon)
e Precipitation Scores: ETS/BS/FSS (Bill, Linjiong)

e C(Climatology (multi-cases mean) (Linjiong)

e Radar Reflectivity/CAPE/Updraft Helicity (Lucas)

e Hurricane Track/Intensity (Jan-Huey, Morris, Tim, Kun)

e Hurricane Structure (Andy, Kun)

e Model Climatology & Biases (Baogiang)

e Real-time Forecast (Matt, Shannon)

e Kinetic Energy Spectra (Xi) — Xi's Talk
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Supplements




CONUS 3-km nested fvGFS
18 May OK-KS High Risk

fvGFS Base Reflectivity
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Observed Base Reflectivity
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CONUS 3-km nested fvGFS
18 May OK-KS High Risk

SPC Storm Reports Updraft Helicity: An |mpqrtant
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Composite 2-km fvGFS Structure vs. HRD Radar Observational Composite
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a)

Height (km)

Across-Shear Distance (km)

Hurricane Matthew 12-hour fvGFS Forecast vs. HRD Radar Observations
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True Climatology From Baogiang
Net TOA
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Real-time Forecast

From Shannon

GFDL Experimental fvGFS
Init: 00z Apr 17 2017 Fcst Hour: 003 valid at 03z Mon, Apr 17 (Sunday, April 16 11:00PM EDT)

Hourly Preup [m] MSLP [hPa] and 10m Wind [kts] Max Reflecthlty [dBZ] Total Rain Accumulation [in]

40°W  140°W 120°W 100°W 40°W  140°W
-g_-'/ 12
&

z//j ';W\Q

6.00

http://datal.gfdl.noaa.gov/fVGFS/fvGFS_products.php
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http://data1.gfdl.noaa.gov/fvGFS/fvGFS_products.php
http://data1.gfdl.noaa.gov/fvGFS/fvGFS_products.php
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Bias, RMSE, Standard Deviation, and Correlation Coefficient
Linjiong Zhou
07/13/17

Assume z! is the forecast value at i grid box and time ¢, 3¢ is the observed/analysis/reanalysis value at i grid box and time
t, ¢ is climatology. There are totally n grid boxes and e time samples.

Root Mean Square (RMS) is written as

2_1lg=
RMS® = =% a}

MEAN is written as

Standard Deviation (STD) is written as

STD? = iZ(x, -

i=1

n n n n n
1 ; dl 2 3 T: . " » 1 . o
:—§If+—51:‘——§ I,-ﬁ::—ng-'rr‘—h'z:—é z?-3?
n £ n n n n
i=1 i=1 =1 i=1 i=1

So, we will get the relationship

RMS? = STD? + MEAN? > STD* >0

BIAS is written as
1 *
BIAs?= | L )| =g =524 — 950
= g (z: y,)} @-gf =2"+¢ 229
Correlation Coefficient (R) is written as

Ly 1{'”9_1')(1’!! Y T — E LY Ty — i
\/ Ty (o) (w:—a)’ \/ T -2 LT, -9

STD,STD,

Root Mean Square Error (RMSE) is written as

RMSE?® = E(% w)’ = EI'*' E%--Zr‘y‘

RMSE?=1 Zz? + 4 Z ¥ - 2 Z Ty + 28 + 8+ §° — 28 — & — §° = STD? + STD? - 28TD.STD,R + BIAS?
n i=1 L i=1 n i=1

Anomaly Correlation Coefficient (ACC) is written as

G=I—c

B=y-c

_ i5n aip—ap _ iYL, ofi-aB
BB G- 2T, - Pl

Assume z{ is the reference forecast (usually GFS forecast) value at i grid box and time ¢. 95% Confidence Level is written as

Acc— —— aXin@ - (P
VESE (-2 350, (- A)

T '?)2
Vo

Where x is the critical t-test value. In Python language, it is coded as: scipy.stats.t.isf(0.05/2.0,73) to calculated 95%
confidence level for T3 sample sizes.

DEV =x

When they are applied to the Earth surface, the latitude weighting need to be considered. It becomes

=cos g

i wiXi

2 1w1

X; can be any form to be sumed.

Exchange between Space and Time

- s [
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RMSE, 8TD, and ACC are not the same when we exchange the space and time.



