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|ssues In spatial verification
 What specific things do we want to get right?
 \What verification scores and methods do we
have at our disposal, and what do they really tell
us about forecast quality?

 What are some of the advantages and
disadvantages of these methods?
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Assumptions in spatial verification
1. The spatial forecast is, or can be put, on aregular
grid

2. The verifying observations can be put onto the
same grid as the forecast

3. The time difference between the forecast valid
time and the observation time is acceptably small

4. The error In the “truth” data s much less than the
difference between the forecast and the “truth”

5. Focus on one or more features of interest
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Does the spatial forecast ook right?

 |sthefeature of interest in the correct place?

e Doesit
e Doesit
e Doesit
e Doesit

e Doesit

navet
navet
navet
navet

navet

ne correct size?

ne correct shape?

ne correct mean value?

ne correct maximum value?

ne correct spatial variability?
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Spatial verification methods

e Visua ("eyeball") verification
o Continuous statistics
o Categorical statistics

e Joint distributions
"standard"

"scientific" or "experimental”
o Scale decomposition methods

e Entity-based methods
e Event-oriented methods
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Visual ("eyeball") verification
Visually compare maps of forecast and observations

Advantage: "A picture tells athousand words..."

Disadvantages. Labor intensive, not quantitative,
subjective

DESERVATICN CMC ECWMF

R £ o i A 1 e | A 7k A R 18 A o o R A Pt AT

Verifies this attribute?
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Continuous verification statistics

Measure the correspondence between the val ues of
the forecasts and observations at the gridpoints

Examples:
e mean error (bias) Advantages: Simple,
e mean absolute error familiar, long
e root mean squared error historical records
* |inear error in probability
space (LEPS) Disadvantage: Not
o correlation coefficient very revealing asto
e anomaly correlation what's going wrong

e S] score N the forecast
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Mean error (bias)
Mean Error :%ZN:(E -0)

Measures. Average difference between forecast and observed values

Verifies this attribute?
Location

Size

Shape

Mean value Vv
Maximum value

Spatial variability
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Mean absolute error

N
MAEz%ZlFi—Oil

=1

Measures. Average magnitude of forecast error

Root mean square error

1 N
RMSE = |[=> (F -0)’ o
N = Verifies this attribute?
Location
Measures. Error magnitude, with large errors gfaep .

having a greater impact than in the MAE Meah value

Maximum value
Spatial variability

=
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Linear error in probability space (LEPS)

1 N

LEPS = NZ| CDF,(F,)-CDF,(0)|

=1

Measures. Probability error - does not penalize going out on alimb when

It isjustified.

error {

Cumulative
probability of
observations

CDF,

O F
Value

Verifies this attribute?
Location

Size

Shape

Mean value

Maximum value

Spatial variability
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Correlation coefficient

> (F-F)(©-0)
S F-FX0-0r

Measures. Spatial correspondence between forecast pattern and observed

pattern

Anomaly correlation

Y (F-C)(O-C)
JZ(F C)?{Y.(0-0)?

Measures. Correlation of forecast and
observed anomalies relative to climatology
C at each gridpoint

Verifies this attribute?
Location

Size

Shape V4
Mean value

Maximum value

Spatial variability
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12-MONTH RUNNING MEAN SKILL SCORE

S1 score
Y |AF-AO|

adjacent pairs

x 100
> max(|AF[,]AO|)

adjacent pairs

Measures. Accuracy of forecasts of gradients

500hPa S1 SKILL SCORES +72HRS

ECMWF/UK/USIGASP/IMA vs SELF
Updated to June 2002

45 r

40|

36 -\A\"W
30|

26

20

15 ™
1982 19684 1966 1988 1990 1992 1994 1996 1998 2000 2002 2004

DATE

— ECMWF — UK e LIS — GASP JMA

Verifies this attribute?
Location

Size

Shape Vv
Mean value

Maximum value

Spatial variability
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Categorical statistics

Measure the correspondence between forecast and
observed occurrence of events at gridpoints

Examples: |

e bias score Advantages: Simple,
+ probability of detection familiar, ~long

e fasealarm ratio historical records
* threat score |

« equitable threat score Disadvantage: Not

e oddsratio very revealing

e Hanssen and Kuipers score
 relative operating characteristic
* Heidke skill score
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Categorical statistics

” ‘\
y= Predicted
[ \ yes no
© . .
N O yes hits misses
n ::DEI!' =N %
S n\] 8 no false correct
E:’ 7
MM E \ / alarms | negatives
---- g “\ 7/”

Forecast Observed
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Bias score

hits+ falsealarms
hits + misses

BIAS =

Measures: Ratio of forecast areato observed area

Verifies this attribute?
Location

Size \/
Shape

Mean value

Maximum value

Spatial variability
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hits
hits + misses

Probability of Detection  PoD =

False Alarm Ratio e EUEREIENTE
hits+ falsealarms

Threat score (critical success index)

TsS=cg =
hits+ misses+ falsealarms
Equitable threat score
ETS=— _ IS = DTS argor _ Verifies this attribute?
hits+ misses+ falsealarms—hits .., | Location
Size
Oddsratio iy
_ _ ean value
OR = hits+ correct negatives Maximum value
- misses+ falsealarms Spatial variability
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Hanssen and Kuipers discriminant (true skill statistic)

UK = hits falsealarms
hits+ misses falsealarms+ correct negatives

Measures:. Ability of the forecast to separate the "yes' cases from the "no"
Cases.

Relative operating characteristic

1 hits falsealarms
ROCarea=—| — : - —+1
2| hits+ misses falsealarms+ correct negatives
1 Verifies this attribute?
=—(HK +1) Location
2 Size
Shape

Measures. Ability of the forecast to separate the e
"yes' cases from the "no" cases Maximum value
Spatial variability
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NCEP verification of QPFs from NWP models
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_____ = = == = = = MOOEL=A¥H —— gl = = = = MODEL =AW
OBSERWATION [OUHTS (FROH FIRET TRACE!: OBSERYATION COUNTS 1FROH FIRET TRACE!:
33178 LEE02 2109 B ] 2582 1612 =11 225 48 EERyL] LE509 al0y 4573 Zsaz lelz SBE 225 45
T T T T T T T T T T T T T T T T T T
1. 5 -—
L s, T A o
. = . —— il T
1. A "Iu..__‘.
1. °
L.
0. 3 .
"] 1. H
e .
B 0. :lI
I.l'iI 0. Z
4 O. q 0. 2
s b
] O 1
0. =+ \
0. 4 8
0. 2 o, : 0. 1
0. 2
0. 1 o
0. 0= T T T T T T T T 0. 0—— T T T
0. DL 0. 10 0. 25 0. 50 0. 75 100 1.50 2,00 a.4ao 0.0l 0. lo 0. 25 0. 50
THAESHOLD |IMCHES) THRESHOLD 1TMCHES

Bias score Equitable threat score

Rain threshold varies from light to heavy
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Distributions oriented view

Observations
=-25 =20 —15 —10 -5 0 5 10 15 20 =25 N p(f)
a)
=-25 5 1 0 0 0 0 0 0 0 0 0 6 1.0
—20 3 i} (0 0 0 0 0 0 0 0 0 9 1.5
—15 4 4 9 3 0 0 0 0 0 0 0 20 34
o —L0 2 3 0 18 6 4 0 0 0 0 0 42 7.1
’gbi —5 0 1 2 15 36 21 3 1 0 0 0 79 13.4
B 0 0 0 1 7 29 122 49 8 0 0 0 216 36.6
5 5 0 1 1 0 3 40 61 26 2 1 0 135 229
L 10 0 0 0 0 0 3 18 28 10 1 0 60 10.2
15 0 l 0 0 0 0 1 2 10 2 2 17 2.9
20 0 0 0 0 0 0 0 0 0 3 2 5 0.8
=25 0 0 0 0 0 0 0 0 0 1 0 1 0.2
N 14 16 22 43 74 190 132 63 22 H 4 208
plx) 2.4 2.7 3.7 7.3 12.5 32.2 22.4 11.0 37 1.4 0.7
_ _ Verifies this attribute?
Advantage: Much more instructive Location
. Size
picture of forecast performance Shape
Mean value V4
: Maximum value V4
Disadvantage: Lots of numbers Spatial variability
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Heidke skill score (K distinct categories)

K K
> P(Fc.0k) = > P(F)P(O)
k=1

H$ — k=1

K
1-> P(FR)P(O)
k=1

Measures, Skill of the forecast in predicting the correct category, relative to
that of random chance

Verifies this attribute?
Location

Size

Shape

Mean value

Maximum value

Spatial variability

=
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Scale decomposition methods

M easure the correspondence between the forecasts
and observations at different spatial scales

Examples:

o 2D Fourier decomposition
o wavelet decomposition
 upscaling

Advantages: Scales on which largest errors occur can
be isolated, can "clean up" noisy data, forecasts and
observations can be on different grids

Disadvantages. Less intuitive, can be mathematically
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Discrete wavel et transforms
Briggs and Levine (1997)

Concept: Decompose fields into scales representing
different detail levels. Test whether the forecast
resembles the observations at each scale.

Method: Discrete wavel et transformation

Measures, for each scale:

. Verifies this attribute?
e 9% anomaly correlation Lecation
* oMSE 2Lzaepe &
 |inear correlation Mean value
Maximum value
* RMSE Spatial variability

e energy ratio
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Multiscale statistical organization

Zepeda-Arce et al. (2000)

Concept: Observed precipitation patterns have multi-
scale spatial and spatio-temporal organization. Test
whether the forecast reproduces this organization.

Method: Start with fine scale, average to coarser scale

M easures: Verifies this attribute?
o Location
TSvs. scale o o
e depthvs. area Shape \\5
. - Mean value
° Spatlal Scallng parameter Maximum value
o dynamic scall ng exponent Spatial variability v/
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obs fcst

Threat score
epth (mm)
Std. dev.

D

Scale (km) Scale (km)
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Entity-based methods

Use pattern matching to associate forecast and observed
entities ("blobs"). Verify the properties of the entities.

Examples:

 CRA (contiguous rain area) verification
 0bject-based diagnostic approach

» convergence line verification

Advantages:. Intuitive, measures location errors, allows
error decomposition, addresses "double penalty"

Disadvantage: May fail if forecast does not sufficiently
resembl e observations
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"Double penalty”

obs (no blob fcst) obs fcst

/ /

This scores better than this according to most
continuous and categorical statistics!
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CRA (entity) verification
Ebert and McBride (2000)

Concept: Verify the properties of the forecast entities
against observed entities

Method: Pattern matching to determine location error,
error decomposition, event verification

M easures: Verifies this attribute?
» location error _ocation v
] 1Ze
* Size error Shape y
: M l
e error in mean, max values Mo oolie N
o pattern aerror Spatial variability
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Determine the location error using pattern matching:

« Horizontally trandate the QPF until the total squared
error between the forecast and the observationsis
minimized in the shaded region. Other possibilities:
maximum correlation, maximum overlap

* The displacement isthe vector difference between the
original and final locations of the forecast.

Observed Forecast
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CRA error decomposition

The total mean squared error (MSE) can be written as:

I\/ISEtotaI = IVISEdi splacement + IVISEVOI ume + I\/ISEpattern

The difference between the mean square error before and after translation is the
contribution to total error due to displacement,

M3SE i giacement = MSE g — MSEgifieq
The error component due to volume represents the bias in mean intensity,

I\/ISEvolume = (E _Y)Z
whereF and X arethe CRA mean forecast and observed values after the shift.

The pattern error accounts for differences in the fine structure of the forecast
and observed fields,

|vlSEpattern = Ivlszshifted B |VlSEvqume

o ) 1
.
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LAPSA7S fest 20010201

Fredicted rainfall

CRA 20010201

400 " ARAAAARA RRAARAAA AR 1
300F T4 .
: + ¥ ]
200 -

i +

r +t ++ 1
100 F & i,.;; .
: T ]
N ]
5 o o

0 1a0 200 300 400

Analyzed rainfall

LAPS37S 00—24 fest 20010201 n=232
(—32.75%147.12%) 1o (—21.50°,153.50%)
Yerif, grid=0.375% CRA threshold=20.0 mm/d

Analysed  Forecast

# gridpaoints 220 mm/d 159 192
Average rainrate (mm/d) G1.B6 45.27
Maxirmum rain (mm/d} 242,90 306.91
Rain valume (km®) 18.17 13.440

Displacement (E,N)] = [-1.12%1.12"]

Original Shifted
RMS arrar {mm/d) &0.48 ir.85
Correlation coefficient 0.4649 073

Errer Decomposition:

Displacement errcr FR
Volume error 07%
Pattern error .55
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Fredicted rainfall [shifted)

+

.i.it. + 4

C 24 40 =W af ] 104
Analyzed rainfall

AutoMoweaster 0030min fost 20001103 0452 n=545%
[(—34.20°,150.76") to (—-33.81°,151.18%)
Yerif, grid=1 km CRA threshaold=% mm /hr

Analysed  Forecast

# gridpoints = & mm/hr 201 5E6
Average rainrate (mm/hr) 23.00 25.81
Maxirmum rain (mm/hr) 100.00 10:0.00
Rain valume (km 1077 4,62 14.60

Displacement (EN) = [-7 km,—11 km]

Original Shifted
RMS error {rmrmhr) I5.48 26.44
Correlation coefficient —0.0563 0518

Errer Decomposition:

Displacement errcr 48.0%
Volume error B.6%
Pattern error 45, 4%
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Error decomposition for 24 h QPFs over Australia

Mid-latitude winter

Tropical summer
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ODbj ect-based diagnostic approach
Brown et al. (2002)

Concept: Characterize forecast and observed
precipitation/convective regions in a natural way as
geometric objects

Method: Direct comparison of fundamental attributes
of the forecasts and observations

M easures. Verifies this attribute?
» location error _ocation v
] ] 1Ze
« shape and orientation error Shape y
: Mean value
° Szeedror Maximum value V4
e ATor In mean, max vaues Spatial variability
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Example: Precip forecasts and observations

Shapes/objects and matching:

@ Precipitation intensities:
e
Stage 4 data WRF4 data =
Area 1403 Area 809 :
% : Stage 4 WRF
Int Ratio 0.14 % Int Ratio 57.59 %
SD Ratio 157.38 % SD Ratio 42.41 %
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Line verification P Nurmi (2002)

‘\? | 8"y Determine mean
ENR | position error by
s o MEBSUring average

' 2 ,.‘ ' distance from each
/ &7\ Age vertex in forecast
| N o FRa line to nearest point
VY4 =/ in observed line.
| | | Verifies this attribute?
Location V4
20 Oct 2000 0057 UTC Size v
Shape V4
—— Observed Mean value
— 30 min fcst Maximum value
— 60 min fcst Spatial variability

=l
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Event-oriented methods
Verify the bulk properties of defined events

Examples:

 mesoscale classification
e compositing

o event verification

Advantages: Intuitive, verifies situations rather than
point values

Disadvantage: Require subjective input in choosing
classes/ definitions of events
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Mesoscale classification

Baldwin et al. (2001)

Concept: Spatial characteristics can be objectively
classified and have meteorological significance

Method: Use pattern recognition techniques to classify
small domains into mesoscal e types (events), examine
joint distribution of forecast and observed events
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Observed class

1111221111 1112221111
1122221441 1222221331
1222333444 1222233344
2233344555 2223444552
3311455511 2344425522
observed class forecast class
Forecast class
1 2 3 4 5 N
1 11 4 0 2 0 17
2 0 11 0 0 0 11 Verifies this attribute?
Location
3 | 0 3 4 1 0 | 8 Size
4 0 0 3 5 0 8 Shape
5 0 5 0 0 4 6 Meart value
Maximum value
N | 11 20 7 8 4 | 50 Spatial variability v/
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Nachamkin's compositing method

Concept: Composite techniques allow bulk properties
of eventsto be estimated and compared.

Method: Isolate meteorological events using arules-
based algorithm and composite on arelative grid
centered on each event. Compare bulk properties of

forecast with bulk properties of observations.
Verifies this attribute?

Location \/
Size \/
Shape Vv

Mean value \/
Maximum value \/
Spatial variability
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Event verification
Ebert and McBride (2000)

Forecast Maximum Value

Too Approx. Too
Little Correct Much
_ Close Under- Hit Over-
Displacement estimate estimate
of forecast _ _
pattern Ear Missed Mlss_ed False
Event Location Alarm
n= 2agé 2062 1950 1324  EE5 132 sl 15
100 T T T T T T T T
Hits
Overestimates
Underestimates
60 - Missed Events 7
Miszed Locotions
False Alarms . . .
IS . Verifies this attribute?
3 Location \/
D /\ .
> 40 Size
9 L _
£ Shape
Mean value
o0 . .
Maximum value \/
Jﬂ Spatial variability
0 | | | i \ \ |

>0 25 =10 =225 250 2100 2150 2200
Observed maximum rain rate (mm d-1)
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Which methods verify which attributes?

Visual Contin- Cate- Joint Scale Entity- Event-
("eyeball”) uous gorical distri- decom- based oriented
statistics statistics  bution position

Location \/ \/ \/ \/
Size v v v v v
Shape v V4 V4 v v
Mean value \/ \/ \/ \/ \/ \/
Maximum

value \/ \/ \/ \/
Spatial

variability v v v
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Conclusions

 The most effective spatial verification method Is
still visual ("eyeball") verification

o Categorical statistics based on yes-no
discrimination are probably the least informative
of all of the verification methods

 Thenewer "scientific" verification methods
(scale decomposition, entity-based, and event-
oriented) give a more complete picture of spatial
forecast performance
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