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MET Package

® MET is community code supported by DTC that is free to download (registration required)
« Approximately 2500 registered users
e 124 countries
* Universities, Government, Private Companies, Non-Profits

® Download MET release and compile locally.
* Register and download:

® Language: Primarily in C++ with calls to some Fortran libraries

® Supported Platforms and Compilers:
e Linux with GNU compilers
e  Linux with Portland Group (PGI) compilers
e  Linux with Intel compilers

® In-person tutorials given yearly - Next Tutorial - Feb 2-3, 2015 - after WRF Tutorial



http://www.dtcenter.org/met/users

Things to keep In mind

e Things that MET does well:
« Handles Gribl, Grib2, MET-Specific NetCDF, CF-compliant NetCDF, ascili

» Calculates traditional and cutting edge statistics for gridded datasets
against either point data or gridded data

* Reproduces and extends
» Basic NCEP FVS verification package
« NHC Verification Package

e Things that MET is still working on:
« Handling HDF files (support needed)
« Handling 2 “point” fields
* Providing pre-compiled binaries
» Verification against aircraft data




Statistics

®*
Wavelet
Stat

@_’

Series
Analysis

Input Reformat Plot Analysis MET-T

Gridded
Model
Forecasts
and
Observatio
Analyses

Point Obs

PrepBufr
Point Obs

MADIS
Point Obs




MET has
finally
broken the
requirement
for gridded
data
paradigm?!

Gridded Forecasts
Gridded Observations

(Gribl / Grid2 / NetCDF with
grid information included
and next release GSI
diagnostic file)

Grid Stat (traditional or neighborhood)
Ensemble Stat

Wavelet Stat

MODE

Series Analysis

Stat Analysis

Gridded Forecasts
Point Observations

(Ascii In 11 column format;
PrepBufr)

Point Stat
Ensemble Stat
Stat Analysis

Point Forecasts
Point Observations

(ATCF format)

TC Palrs
TC Stat

_




Forecast Mean

Forecast Standard Deviation

Observation Mean

Observation Standard Deviation

' Pearson Correlation Coefficient (aka Correlation)
Spearman’s Rank Correlation

Kendall’s Tau statistic

Number of ranks used in Kendall’s tau
Number of tied forecasts in Kendall’s tau
Number of tied observations in Kendall’s tau
Mean error

Standard Deviation of error

10th, 25th 50th 75th 90t Percentile of Error
Inner Quartile Range

Multiplicative Bias (aka Bias)

Mean Absolute Error

Mean Square Error

Bias-corrected Mean Square Error

Root Mean Square Error

Mean Absolute Deviation

24 Statistics

-

Total number of matched pairs
Contingency Table Counts
Forecast rate

Hit rate

Observation rate

Base rate .. , , qa ©
Forecast mean 2 5 S tatm
Accuracy '

Frequency Bias

Probability of Detection - Yes
Probability of Detection - No
Probability of False Detection (aka False Alarm
Rate)

False Alarm Ratio

Critical Success Score (aka Threat Score)
Gilbert Skill Score (aka Equitable Threat Score)
Bias-Adjusted Gilbert Skill Score

Odds Ratio

Log-Odds Ratio

Odds-Ratio Skill Score
Hanssen-Kuipers Discriminant

Heidke Skill Score

Extreme Dependency Score
Symmetric Extreme Dependency Score
Extreme Dependency Index
Symmetric Extreme Dependency Index




Neighborhood Contingency Table Statistics Ensemble Mean and Std Dev fields
(see previous slide) Ensemble Mean + 1 Std Dev fields

Ensemble Min and Max fields
Ensemble Range field

Ensemble Valid Data Count field RUN:
Ensemble Relative Frequency (probability)

' Fractions Brier Score
Fraction Skill Score
Asymptotic Fractions Skill Score
Uniform Fractions Skill Score Ranked Histograms (if Obs Field Provided) ENSEMBLE

Forecast Event Frequency PIT Historgram STAT
Observed Event Frequency Ensemble Spread-Skill (if Obs Field Provided)

Neighborhood Contingency Table Statistics
(see previous slide)

Brier Score
Reliability
Resolution
Uncertainty RUN:
Mean squared error for each scale Area Under ROC
Intensity skill score Calibration POINT-STAT
Forecast Energy Squared R_efln.ement OR
Observed Energy Squared Likelihood
Base Rate (not scale dependent) Base Rate GRID-STAT

Probailiby Integral Transform (PIT)
Reliability points
ROC Curve Points

Frequency Bias



Analysis and Synthesis of Statistics




METViewer Design

@_’ utput

Plot




User interface redesigned

METViewer 1.0 Release Functionality the same

Regression Testing Implemented




M ETVlewer 1 . O Many plot op

tions

Database’ e g 2013 . Generate Plot Reload databases  Load XML

20140722_151502

Plot

XML Log R script Rdata = 5QL ]
Plot statistic: Medigg

Example for METViewer interface

), ens-15km-std,

Bar Graphs e " oo
Histograms
Rank Histograms

Tonparatura ME (K]

w1 = 10 gy

05-01 00:00:00,
-05-02 00:0

Comman Formatting

Title Example for METViewer Interface

¥ label Lead Hour

Y1 label Temperature ME (K)

|abel

Plot Cond Captiol

Series Formatting

Conng
Line  Show

aenes

# Y axis Hide Title Caonf Interval Point Symbal Line Type ACTOS! Legend Text
o g kit Color d Line Type = Width  Signifi \'II‘_,”' g -

1| v1 MNo |ens-16km-mp TMP ME none - Small arde joined hineg sohd 1 MNo | Yes

2 ¥l Mo |ens-16km-std TMP ME none @OOFERE Small drde  joined linag solid 1 No Yes

I No |ens-Skm-std TME ME nonea - small crde  joined lineg solid 1 Mo | Yes

+ § &t | ook Formatting



ICAP Examples







AEROSOL RADIATIVE IMPACT ON NWP:
sources comparisons

AerOSOI (le dus-t) sources aI:'e ;u;e;:agr;;a?;‘;i;zrg;:.{;)g?:é-gﬁccFare:astt+021W:Tuesday1:ﬂpril201221U‘lEL|M direct effect
much larger with prognostic

N 1

aerosol direct effect

Tuesday 17 April 2012 00UTC MACC Forecast t+021 VT: Tuesday 17 April 201221UTC

Dust Aerosol sources (kg/m2.s) ) PRO d|rect Effect

=0E =0

]6&10
100




Comparing objects can tell you things about

your forecast like

e

Thi: 3
/

30% Too Big POD = 0.35

(area ratio=1.3)

Shifted west 1 km B
(centroid distance = 1km) FAR =0.7235
Rotated 15 CSI = 0.1587

(angle diff = 15%)
Peak AOD 50% too low

(diff in 90th percentile of intensities = 0.5)



IMAGES OF THE DAY

ects doesn’t always make

Ing with obj

-

Veri




AEROSOL RADIATIVE IMPACT ON NWP:
sources comparisons

AerOSOI (le dus-t) sources aI:'e ;u;e;:agr;;a?;‘;i;zrg;:.{;)g?:é-gﬁccFare:astt+021W:Tuesday1:ﬂpril201221U‘lEL|M direct effect
much larger with prognostic

N 1

aerosol direct effect

Tuesday 17 April 2012 00UTC MACC Forecast t+021 VT: Tuesday 17 April 201221UTC

Dust Aerosol sources (kg/m2.s) ) PRO d|rect Effect

=0E =0

]6&10
100




Intense Precipitation Cores

Using Attributes from
MODE Objects

25.4mm
ect Threshold (mm)




MODE has been used to evaluate




AEROSOL RADIATIVE IMPACT ON NWP:
10m wind comparisons

Tuesday 17 April 2012 00UTC MACC Forecast t+021 VT: Tuesday 17 April 201221U
Wind speed used for dust aerosalp

e y N

v TR

CLIM direct effect

_____________________________________________

Tuesday 17 April 2012 00UTC YMgEorecast t+021 VT: Tuesday 17 April 201221 UTC

Wind speed used for::si m tion (m/s) . P RO d | rect Effe
\\*:i.-. = L

e



Forecast Objects with Observation Outlines

Temporal
Metofice @volution

e Older N320 trial
250 hPa winds > 60 m/s
at forecast lead time of t+96h
from the 12Z initialisation
compared to EC analyses

 Differences in the size of
forecast and analysed
objects is not overshadowed
by growth of synoptic
forecast error.

ample of MODE

© Crown copyright Met Office




Example of MODE Attributes

EG lowest 10th percentile

970

965

960

955

950

Object intensities

NHW <=990mb
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¥ EG deeper
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EG highest 90th percentile
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1045

H ig h S NHW ==1036mb

—— Tt
—— [
== D + 30
== af peaabh
—fe  OOT b+ETH
—— o ke 72

f  DOF biBdb

oaF sk > i .
e XX e
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. Z telazh
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—— Anl
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1046 1048 1050 1052 1054 10586

ND highest 90th percentile

EG highest S0th percentile

y
N768 EG v N512 ND

a5

&5

&0

NHW ==60ms-1

>
++
¢ ,’fx -+
. l
x o A~

IEG stronger I

90t percentile

= T T T
a0 as S0 a5

MND highest 90th percentile

« Do not look at absolute min/max values in objects. Use the 10" or
90" percentile as a more reliable estimate of how the intensity
distribution has shifted/changed.

- Lows are deeper, highs and jets are stronger -2 sharper gradients
and a more active energetic model.

- Differences in the 00Z and 12Z analyses.

© Crown copyright Met Office

Slide courtesy of Marion Mittermaier
The Met Office - August 2014




YOU could also use VIODE to
o b i I 8 4 p
compare the two 1ielas ny
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Tuesday 17 April 2012 00UTC @A
Dust Aerosol sources (kg/mj

orecast t+021 VT: Tuesday 17 April 2012 21UTC

PRO direct effect

MET & MODE can
Mask one field based
on N/A definitions in

the other field

i *z
MGorecast t+021 VT: Tuesday 17.ﬁpril201221’i:|:|:6mm“m“

Tuesday 17 April 2012 00UT
Wind speed used for dust aeg§So
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Slide Courtesy of
Peter Colarco
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CloudSat/NWP Comparison: Object Based:
Reflectivity

0
gl.90,-132.93 b3.64, -84.72 43.10,-7415 2215, -B3.343 1.07, -63.63

20

I:I 1
g0.90,-132.93 b3.6d, -84.72 43.10,-74.15 2215, -B3.33 1.07, -63.63
-40 -a0 -20 -10 0 10 20




CloudSat/NWP Comparison:
MODE Objects

A8/

I
60.90,-132.93 fiabd, -64.72 4310, -74.13 2214, -66.33 1.07, -3 63
Cloud 5at Ohjects

..“ NWHM Ml

I
60.90,-132.33 fia.6d, -64.72 4310,-74.13 2214, -68.33 1.07, -63 .63
Mo Data Mo Match Dhject DhjEEtE DhjEEtE DhjecM Object 5




~ MODE for Different Probabilities

- May 11, 2013 (oTc SREF tests)

NWS PoP - Percent chance that rain will occur at any given point in the area.

~ Intersection Area

C-Confidence:

Prob >50% of 2.54mm in 3hr
Prob >25% of 2.54mm in 3hr

Observation

NWS PoP = C x A where
Forecast

"C" = the confidence that
precipitation will occur
somewhere in the forecast area
"A" = the percent of the area
that will receive measureable
precipitation.

Prob >75% of 2.54mm in 3hr



Applying spatial methods to ensembles

Areas of rainfall r greater than threshold T

F T e —
P(r>T) /AS Propabilities: it el
F2 Wi ~ have pe” of precipitation

reas; may “spread” the area

P(r>T)=1 | rea iIs not equivalent to any
- of the underlying ensemble

Ensemble Mean Objééf’ -

May have many interesting
features



Score of Ensemble Mean Is not the Mean of the Ensemble
Member Scores  Ensemble Mean

Mean of Ensemble

0.25

0.2

0.15

0.1

0.05

Score

Member Scores

|

T T T T
12 18 24 30

e s Mean
ARW-Fer-1
ARW-Fer-2

e ARW-MY-1

= = = ARW-MY-2

— ARW-Tom-1

= = = ARW-Tom-2

=« = ARW-Tom-3

— NMM-Fer-1

= = = NMM-Fer-2

e=p Calc Mean

‘ DTC,
; Develepmental Testbed Centen
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‘ DTC ,
Developmental Testbed Cen

APCP(r15)gt2.54

1
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S p r e ad 9km-std_merge

APCP(r15)gt2.54 Valid 20130511 032, 3-hr fcst
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With Time




PM VERIFICATION wiha Razinger
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Normalized Mean Bias =




arpolation In

G %

e Normal Approximation CI Interpolation for Point Data

* Calculated for all statistics for which this is appropriate Nearest Neighbor, Unweighted Mean, Disg
Weighted Mean, Bilinear Interpolation

* Bootstrapped CI

'y ;f/ﬁ,. g ‘5,"5’.‘, e e g -wvi’/.a ey {i(a'/q EELEEErrrs / el i
® (an be turned on in contig file
S %

* Number of repetitions are

HMT-2010 GSS vs Lead Time
ALL INITS APCP_06>=12.700 over LAND

RMSE BCMSE




Performance Diagram for Categorical Statistics
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Taylor Diagram for Continuous Statistics

o Y o Ve /:”’.2/ R

Taylor Diagram

0.1 o2 Correlation

® Day-ahead

® Day-ahead ® 1-hour-ahead

. ® 1-hour-ahead

/20000

8 - | P
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e
§ 8 i
o %0
T E
E 0.95 % =
5 o . %a
|
.
0.99 %
0 5000 10000 1/ 00 20000

. Best
Standard Deviatiol Skill')



e

| would use

"ea,
*,
e
.
.

My own code to write tracks in ATCF
format

e MET-TC to evaluate track error

« MET-Viewer or R-statistics to calculate
pairwise differences to determine
statistical significance



MET-TC components

1\ 18l ONS OT Thn
ASCII » Dark circles represent MET-TC modules Vo
aland. dat » Light boxes represent input/output 2
I
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7.7 Aggregated
Statistics

ATCF
BDECK



TC PAIRS

consensus forecasts and “interpolated” forecasts
(similar to those discussed in JOHN KNAFF’s TALK)
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TC_STAT

» Flexible definition of “Rapid Intensification” and
“Rapid Weakening” events for diagnostic studies




je courtesy of Jeff Reid

ood News: Cape Verde

| would use:
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My own code to write AOT out in
ATCF format putting the AOT
values in the MaxWind columns
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Graphics tools
examples

(nm)

TK_ERR

100

Percent of Cases

200 400 600 800 1000

0

Boxplots of Track Error by ADeck Model
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Q i 8 (e}

1110 1002

Absolute Intensity Error Difference >=1 kt
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VIIRS Aerosol Cal/Val
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-

Geographic Representation of Scores
(Stat-Analysis “by-case” option)

----------- Dew Point Temperature Bias by Station ID

e Height

L5 Sy e Other series
e O824 § e Accumulate over
‘4 e e Stations
eose s oo oo 00008 S e Grids

ig=AFWAOC_WRFv3.5 Season=WINTER Init=00UTC Fcst Hr=42h
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Geographic Representation of Scores

(Series-Analysis tool for gridded data)

MODEL 1
better

MODEL 2
better

qs
D

D Results from DTC Mesoscale Modeling Task

evelopmental Testbed Center



VIIRS Aerosol Cal/Val




Paired Tests

Paired test for model error

A P

20140110 - oy
11:00 '

20140110 1 - 1
12:00

20140110 2 - 0
13:00

20140110 5 - -1
14:00

20140110 3 - -2
15:00

Nt
[ ]

Pairwise Test - Cls Error

8 Difference

do not encompass (a-s)

6 O ModelA
LT

| ]
5 I Model B

|
»

Model error

L ClIs overlap hence difficult to
detect statistical significance




e Normal Approximation CI Interpolation for Point Data

* Calculated for all statistics for which this is appropriate Nearest Neighbor, Unweighted Mean, Disg
Weighted Mean, Bilinear Interpolation

. Bootstrapped @

“an be turn i/ 59 in //éa)lj 45 / T ' """""""" /
e Number of 1 @J;mg@j,;//;;/ ,Wt;fg-

HMT-2010 GSS vs Lead Time
ALL INITS APCP_06>=12.700 over LAND

RMSE BCMSE MMAE




Things you should always do




SS (light shading) and PS (dark shading) differences for the annual aggregation of

upper air temperature and dew point temperature BCRMSE and bias

Annual Summer Winter
Temperature| 12 | f24 | f36 | f48 | f12 | f24 | f36 | f48 | f12 | f24 | f36 | fa8 G Y —_—
850 | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG [ -~ | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG
700 | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG [ RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG
500 — | RRTMG [ RRTMG | RRTMG] - - - - — | RRTMG | RRTMG | RRTMG
g’ 400 | RRTMG | RRTMG [ RRTMG | RRTMG] - - - - | RRT™MG | RRTMG | RRTMG | RRTMG
§ 300 RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | - - RRTMG [ RRTMG [ RRTMG | RRTMG
200 - ~ | AFWA
150 - - - - — | AFWA | AFWA | AFWA
100 RRTMG - AFWA - - - - e RRTMG
850 — | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG| -~ | RRTMG | RRTMG | RRTMG
700 — | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG | RRTMG| -- | RRTMG | RRTMG | RRTMG
500 — | AFwA | Arwa [FARWAT] AFwA | AFWA [TARWAT|TARWAY - — | RRTMG | RRTMG
o] 400 - — | AFwA | AFwA | RRTMG | RRTMG | -- — | Arwa | Arwa | AFwa | AFwA
2] 300 - —~ |RRTMG| -~ ]| RRTMG|RRTMG |RRIMG|RRIMG] AFWA | AFWA | AFWA | AFWA
200 — | RRTMG | RRTMG | RRTMG] - - - — | rRrRT™MG| RRTMG | RRTMG [ RRTMG
150 | AFwA | AFWA | RRTMG [ RRTMG | AFwA [SAFWAS|SARWA | SAFWA
100 | AFwaA | AFwA | AFwaA | AFwA | AFwaA | AFwA | AFwA | AFwA
Upper Air Dew| Annual Summer Winter
Point
Temperature| f12 | f24 | 36 | fa8 | fi2 | f2a | f36 | fa8 | f12 | f24 | 36 | f48
wl| 850 |RRTMG|RRTVG |RRIMGIRRIMG]| - — | RRTMG [RRTMG| RRTMG| - |RRTMG| --
2| 700 [rrivG| - Z % 2 2 2 —  |RRTMG|RRTMG [ = Z
2| so0 = = = = < - ~ |RRTMG]| - Z = -
850 | AFWA | AFWA | AFWA | AFWA | AFWA | AFWA | AFWA [RRTMG| - [ AFWA | AFWA [ AFWA
Mesoscale § 700 | AFwA |[TARWA|[TARWA' | AFWA | RRTMG [[RRTMG | RRTMG | RRTMG| AFwA [SAFWA|TARWA™ [FAFWA
DTC I\/IOdeling TaSk 500 | Arwa | ArwA | AFwA | AFwA | AFwA | AFwA | AFWA | AFWA | AFwa | AFWA | AFWA | AFWA

Developmental Testbed Center




DTC would like to thank you for your interest and the

assistance of all of our collaborators...

http://www.ral.ucar.edu/jnt
http://www.dtcenter.org
http://www.dtcenter.org/met/users

jensen@ucar.edu
met-help@ucar.edu

support for the Developmental Testbed Center (DTC),

S provided by
i.‘ @ NOAA, AFWA
NCAR NCAR and NSk
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