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Why Unified Verification?

Operational Centers Universities and

Forecasters National Laboratories

Comprehensive and unified verification tool - Make R20 more
efficient - Provide consistent set of metrics

Allows researchers
and operational
scientists to speak a
“common
verification”
language

User support of
unified package
provides greater
opportunity to train
all on verification

Model Evaluation Tools best practices




A Verification Toolkit Designed for Flexible Yet
Systematic Evaluation
(supported to the community via the DTC)

Model Evaluation Tools Input  Reformat Plot Statistics Analysis MET-TC

* Originally developed to replicated the Ed'd = .,
EMC mesoscale verification system e o
« Over 85 traditional statistics using both — S o .* i
point and gridded datasets - .’ st
* 15 interpolation methods wnca @
e Computation of confidence intervals .+
 Able to read in GRIB1, GRIB2 and CF- ot Obs =
compliant NetCDF T obe ’_’
» Applied to many spatial and temporal el .’ smer
scales Manis ﬂ L/
e 3500+ users, both US & Int’l e
Object Based and Spatial Methods
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90th Percentile of difference between two models

uel_vimen_po DALY
PROB_ SAPCR, TO0KI v ARCP S8(r-Sige T2 TOlis 011911 6. &b ent

[ TRV

»3%/  Bad forecast or
W2 GOOd forecaSt Conlig-AFWADC_WRFY3S Seastn-WINTER Intu00UTC Feal Hrad2h

%~ with displacement
o error?




METViewer Database and Display

Database: mv_det_sraf 2013

Series Box | Bar

Plot Data:

¥1 Axs vanables

Rhist

Phist Roc Rely

Stat -

¥2 Axis variables

¥ 1 Dependent (Forecast) Variables:

THMP

0 vanable
¥ 1 Series Variables:

MODEL

© Senes Variable

Fixed Values:

§ FCST_INIT_BEG

ens-16km-mp, ens- 16km-std,
ens-Skm-std

2013-05-01 00:00:00,
2013-05-02 00:00:00,
2013-05-03 00:00:00, 2013-05-D4
00:00:00, 2013-05-05 00:00:00,
2013-05-06 00:00:00, 2013-05-07
00:00:00, 2013-05-08 00:00:00,
2013-05-02 00:00:00, 2013-05-10
0D:00:00, 2013-05-11 D0:00:00,
2013-05-12 00:00:00, 2013-05-13
00:00:00, 2013-05-14 D0:00:00,
2013-05-15 00:00:00, 2013-05-16

Ens_ss

Plot statistic:. Median

-

T Group_y1_1

» Generate Plot Reload databases Load XML
e 20140722_151502
Piot XML Log R scnpt R data S0L L. ]
Example for METViewer interface
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Formatting X1 n2 ¥1

Y2 Legend & Capbon '

00;00:00, 2013-05-17 00:00:00, Title Example for METViewer Interface
2013-05-18 DO:00:00, 2013-05-19
00:00:00, 2013-05-20 00:00:00 # label Lead Hour
- Y1 label Temperature ME (K)
© Fixed Value
¥2 label
Plot Cond Caption
Series Formatting
il Line Series Line  Show Canne
¥ axis Hide Title Canf Interval Color Point Symbaol RS Line Type Width  Signif A:}:ob_ Legend Test
¥l | No |ens-16km-mp TMP ME none | smalcrde oined iines solid 1 No | Yes |
2|l N No  |ens-16km-std TMP ME none m Small circle  joined lines solid 1 Mo | Yes
2| Mo |ens-Skm-std TME ME nonea '- small crde  joined lineg solid 1 Mo | Yes
+ & « Ll nck Enrmatting

View 1 -3nf3
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METViewer Plot Templates

WETViEwer 22 @

4l
Series | Box | Bar  Roc | Rely Ensss  Perf

Y1 Asis variables | Y2 Asis variables

Y1 Dependent (Forecast) Variables:

L4

APCP 03

Cal v

0 Variable
Y1 Series Variables:

GF3_27km_WRFV3.5.1,
MODEL v GF3_3km_WRFV3.1,
GF3_Gkm_WRF3.6.1

© Series Variable

Fixed Values:
© Fixed Value
|:| Event Equalizer

Plot Cond

Taylor | Hist = Ecv

Plot Data: Stat =

v
DGmup_yl_l

Database: my_aerocivil

Independent Variable:

FCST_LEAD v Select value

Statistics:

) il
Series Formatting
£ Yaus Hide
1 Y1 No  GFS_27km_WRFv3.6.1 APCP_03 CSI

2 Y1 Mo GFS_3km_WRFv3.6.1 APCP_03 CSI

3 ¥i No  GFS_Skm_WRFv3.6.1 APCP_03 CSI

Equalize

Tile

+ Add Derived Curve  § Remove Derived Curve @ Apply defaults DLcck Formatting

Conf Interval

nene
nene

none

o Generate Plot Reload databases  Load XML

Series )
Box

Bar

ROC

Reliability

Ensemble Spread-Skill

Performance Diagram v

Taylor Diagram :

Hist (Rhist, Phist, RELP) —
ECLV -
Coming soon: —
Contour, Scatter, Q-Q_ -
— R I R

Bl oo | e | e | -
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MET+

Python wrappers around:
S MET (core) Python wrappers

* METViewer (core) [
* Plotting I | .
* METViewer User Interface — 5 ASCII
* MET Viewer Batch Engine 2 emt N
* Python plotting scripts g =T [
¢ Communication between MET —
& python algorithms (Cython) v
NetCDF
Near Term: After Global - CAM, @ ) (@
insemb;es afué Ae;olsgls Z Air Qual Spatial Stats
onger Term: Earth System . —

“Components”

K JEC ) J
- WWW. github/ NCAR /metplus
‘ DTC ’

Developmental Testbed Center
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MET Use-Case Example

Aeronet AOD

6-hr mean, max

Aeronet 1-min
, stdev, range

_r'EEI Jl-l_lljl_l :'.'_i’- &

MET Viewer
Database and
Display

/
Multiple

runs over

Use-case includes
e MET+ .conf file
e MET config files

time

201707 - 07729, 24/36/48/60T284h lests, at 0.25in'day threshold

* Python scripts to: \\_\j >
e Call Ascii2NC ’} ' ;.':a\
* Call Point-Stat L 2 S —
* Load MET Viewer e

* Make stat plot
* Make plot of fields

-
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What is Wrapped by Python Right Now

Input Reformat Plot Statistics Analysis MET-TC
s
Gridded PCP NIkt
Forecast Combine
; > 7
Analysis PNG
Obs ]
Series  \l| NetCDF
7 L 4 Analysis NetCDF
Plot — DLand
MODIS Data
Dat v ASCII
ata _ lan 5| NetCDF
7 Gridded PS A
NetCDF T ATCF
WWMCA STAT TC Track
Data PAIRS Data
N ASCII
7 NetCDF
ASCII y
ASCII L PS 7
Point STAT TCST
— 2z | > ASCII
PrepBufr ) NetCDFV Stat
Point NetCDF| L— 7 Analysis A
L/ Point L STAT o
MADIS Obs » ASCII
Point I 4 NetCDF STAT
7 TCPlot
— -MPR.R
Lidar
HDF >
L 7
GSlI ASCII
Diag
L 7

=

Copyright ZOlﬂm}lJn ers
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Recent Additions

® Variable names no
e S1 score

® Vector

Winds * Derive additional
* (Custom .
fields

Daﬂy

Means

longer tied to Grib

code

* Rename obs field

Gridded Statistics to match forecast

High Resolution Assessment (HIRA)

Read most PREPBUFRc and BUFR
obs

National Weather Service

NCEP Central Operations

uuuuuuu
DOC NOAA NWS | NCEP Centers: AWC CPC EMC NCO NHC OPC SPC 3

NCEF Home > NCO Horme > Syslems Integrabon Branch > Decoders » BUFRLIB > BUFRLI
Conlents > Decoding PREFBUFR Fies » Sample PREPBUFR Table
& Printer Friandly Varsion

Sample PREPBUFR Table

™~

| USER DEFINITIONS POR TADLE-A TADLE-D TADLE
I

3 | MNEMONIC | NUMBER | DESCRIPTION
| | |

THE POLLOWING ARE TABLE A ENTRIES FOR PREPBUFR MESSAGE TYFES

| RDPURR | A @ | UPPER- 0B, PIBAL, RECCO, DROPS) REPORTS
| ATRCAR | AGD241 | ACARS

| RIRCPT | AE0242 | coW

| SATWND | REe0Z43 | 3R

P | PROFLR | AG0244 |
| VADWND | AB0248 |
| RE0Z46 | ATA (SCUNDINGS, RETRIEVALS, RADIANCES)
IC, METAR) REPORTS

. BUOY, C=MAN FLATFORM) REPORTS

C | AGD247 | SURI
F | ABOZ48
3 | RE024% | MEAN SER-LEVEL PRESSURE BOGUS REPORTS

SMI | AG0250 | 83M/I RETRIEVAL FRODUCTS (REFROCESSED WIND 3PEED, TEW)
T | ABO251 | SYNTHETIC TROPICAL CYCLONE BOCUS REFORTS
| ERSIDAR | A6025Z | ERS SCATTEROMETER DATA (REPROCESSED WIND SPEED)
| GOESKD | AS0253 | GOES SATELLITE DATA (3OUNDINGS, RETRIEVALS, RADIANCES)
| QREWND | RE0254 | QUIRSCAT SCATTERCMETER DATR (RE! WIND SPEED)

Fourier Decomposition

KMKC °

° KLXT

Neighborhood method when using
point observations. Allows for

temporal and spatial uncertainty

(-,
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Moving toward NGGPS UFS Evaluation

®* MET+ being integrated into FV3GFS parallel and
retrospective workflows at EMC
® Grid-to-Grid evaluation of global state parameters and
precipitation
® Grid-to-Obs evaluation using surface and upper air observations
and precipitation
® TC track and intensity errors

® Gridded Errors

* Starting to work on interface between C++ (MET) and
MET+ python wrappers

® Documenting and user needs for components of the coupled
UES (see next slide)

® Moving all components to GitHub

(-
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Already have
pre-existing
packages which
we will link in

Image courtesy @FGMTB

-

GPS Verification and Validation WG
Adding Additional Capability

NEMS Mediator In Progress

TTJL{A

Y

‘Aerosols/
el

A 4

[ Atmosphere ]

Space Wx
Mediator

By end of March [ FV3 ]

Recent visits w/
NASA and SWPC

\_ CCPP Y,

Next year hoping to add more process-oriented
diagnostics to aid in GMTB CCPP development

™~
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NGGPS V&V Areas of Focus EEE NGGPs Proposals
- Need Requirements

¢ Treatment of uncertainty B .o in METH

v'Scorecard and Weighted performance indices
v'Ensemble and probability verification metrics

* Diagnostic tools and S2S (scales at which errors occur,

energy spectra)

* Physics-oriented metrics (radiation, tluxes, cloud

veritication)
® FLorecast Consistency — extreme weather
v Object-oriented metrics

* Coupled model component performance

@ * Validation — during development process
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Specify the Statistic
CNT, CTS, Prob

METViewer Scorecard

Specify the aggregations

Specify the regions J

Specify the Field

& Level

Specify whether you have

METViewer Scorecard| | Symbol, values, pairwise difference

for PRARMN_1405 and GF52016
2018-05-20 00:00:00 - 2014-07-30 00§00:00

M. American N.Hemisphere v S.Hemisphere Tropics

Day 1

Day 2

Day s

Day 6|Day 2| Day 10| Day 1 |Day 3| Day 5|Day 6|Day 2| Day 10| Day 1 | Day 3| Day 5| Day 6| Day 8| Day 10|04y 1 [Day 2| Day 5| Day 6| Day 2|Day 10

v

Anom Corr

Heights

P250

-
<

a a x

P300

a

700

'

F1O00

Anom Corr

Wector Wind

F250

P300

FPas0

Anom Corr

Temnp

230

F500

FE50

Anom Corr

MELP

MEL

RMSE

Heights

F10

F20

-
IR L E AR AR RE RE AR RE RE DR K |
3
>
>
3

P50

L L L L

L L

>
>
»
LA L LN LSRN
>
»
>

Fl00

P200

P300

|

»

»
rlelr r]lr]r]a

»
e e
sl ]|
e e e
2

700

LA L L LS LA L L

FE50

L |
-

FLOOO

L I L I I e L

-
LR R AR

Coming soon: Customize color
\preferences and signiﬁcance levels /

Submit to batch engine of METViewer
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Coming Soon:
Additional
METViewer
Enhancements

Contour Plots

&

Quilt Plots/Heat
Diagrams

(-

Threshold (mm)

Pressure

1000

800

600

TMP RMSE

50

100 150

Fest Lead

0.6

0.4

0.2

0.0

15 20

Convolution Radius

MODE MMI




~ | N
Docker MET and METViewer

Docker (AmazonWeb Services):

* Open-source technology to build and deploy applications inside software containers
* Packages software containing: code, runtime, system tools, system

* libraries, etc.

* Enables you to quickly, reliably, and consistently deploy applications

Input  Reformat Plot Statistics Analysis MET-TC MET a'nd METViewer Compiled

in a Docker Container

1) Set up to work with a suite of test-

cases for NWP innovation testing

(MMET/MERIT)
2) Bundled with MET online tutorial
data

http: // WWW.dtcenter.orgL

met/users/downloads/

docker container.php dOC kQ f

(-



http://www.dtcenter.org/met/users/downloads/docker_container.php

Thank You

MODEL EVALUATION TOOLS EVENTS

Email: jensen@ucar. edu

ANNOUNCEMENTS

® GitHub Instructions at Release link
® https://github.com/NCAR/METplus/releases
® https://github.com/NCAR/METViewer
® https://github.com/NCAR/MET coming soon

e MET Users Page:
https: / /dtcenter. org/ met/users

* Contact met_help(@ucar.edu

DTC Workshop on Testplans and Metrics This work supported by the sponsors of the
July 30-Aug 1, 2018
NCWCS, College Park

DTC

Developmental Testbed Center
@ as well as NGGPS and USWRP projects

/
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