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Abstract. Among the wide variety of performance measuresalong with the bias score. The use of these two measures
available for the assessment of skill of deterministic precipi-is quite widespread also outside NCEP. The meaning of the
tation forecasts, the equitable threat score (ETS) might welETS beyond its mathematical definition is however not all
be the one used most frequently. It is typically used in con-that clear. Yet, an understanding that the higher the ETS the
junction with the bias score. However, apart from its mathe-better the model skill is for the particular threshold seems to
matical definition the meaning of the ETS is not clear. It hasprevail, and is spelled out precisely in this way in at least one
been pointed out (Mason, 1989; Hamill, 1999) that forecastscase.

with a larger bias tend to have a higher ETS. Even so, the Several authors however have pointed out that a higher TS
present author has not seen this having been accounted f@f ETS is not necessarily synonymous with more accurate
in any of numerous papers that in recent years have used thgrecasts. Thus, Shuman (1980) says “It is well known ...
ETS along with bias “as a measure of forecast accuracy”. that ... higher threat scores can be achieved by increasing
A method to adjust the threat score (TS) or the ETS sothe bias above unity”. Citing Mason (1989), Hamill (1999)
as to arrive at their values that correspond to unit bias inyrites “typically, the forecast with the larger bias (the wetter

order to show the model's or forecaster's accuracplae-  forecast) tends to have a higher ETS than if the two models
ing precipitation has been proposed earlier by the presenfad the same bias”.

author (Mesinger and Brill, the so-calletH/d F method). As a remedy, Shuman (1980) proposed a modified TS ar-

A s/erlous df]f'(("j'e_n% hov;gev;e]r ha_; S"_"C? ?een. notid with theiyeq at by assuming that both the forecast and the observed
dH/dF method in that the hypothetical function that it ar- recipitation each cover a single circular area displaced rel-

rives at to interpolate or extrapolate the observed value ol o't each other Knowing the forecast argacorrectly
hits to unit bias can have values of hits greater than forecast) -4st area (“hité”)H and the observed are@. suffices
WhendtI;]e forscas(tjarear;cends to Z€ro. Ar?Othﬁr method IS prhc,’cb calculate the displacement. Keeping the displacement con-
posed here based on the assumption that the increase In hiig, ¢ shyman next assumed a reduction of the larger circle

per unit increase in false alarms is proportional to the yetarea to that of the smaller. Modified threat score can then

unhit area. This new method'removes the deficiency of theOe calculated. Shuman wanted a method that is using only a
dHIdF method. Examples of its performance for 12 monthssingle set of values of th&, H, andO, and states that his

of forecasts by three NCEP operational models are given. aim is “to remove the effect of bias in overforecasting, and
likewise to exact a penalty for underforecasting.”

Hamill (1999) pointing out that comparisons of common
threat scores like the ETS “are suspect unless the biases of

Threat TS) also k the critical ind competing forecasts are similar” adjusted verification thresh-
C;elaescorsechae)fé? 51%9 g (?V\(/)r: 25 . t:b(I:g tlﬁ?eastuggsfs 'ETeé?Ids of one model so as to equal biases of the other, by essen-
(CSl, eg., ' ); qui ( ially relabeling the forecast contours of the former. Adjust-

which is a modification of the threat score to account for theipg or relabeling forecast values of both or of more models

correct forecasts due to chance (Gilbert, 1884), is used . - o . -
the National Centers for Environmental Prediction (NCEP;‘to achlgve biases of unity is an ObVIOL,JS p053|b|I|t¥ also.
almost exclusively as the primary variable for verification of 1 he idea of the/ #/d F'method (Mesinger and Brill, 2004)

the skill in precipitation forecasting. It is almost always used Was {0 use an interpolation or extrapolation functiénr)
hypothesizing how would the hit area change if the model

1 Introduction

) bias at the considered threshold were changing, and use this
Correspondence to: F. Mesinger function to obtain the value dff that accordingly the model
BY (fedor.mesinger@noaa.gov) would have if it had no bias. Since an ETS obtained using
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this adjusted value aff presumably would have no influence of circular forecast and observed precipitation areas, with re-

of model bias by default the only influence remaining would sults generally favorable to theH/d F method. It was no-

be one of theglacement of forecast precipitation. ticed however later that the functidii( F) resulting from the
There is of course a whole class of the so-called entity-d H/d F scheme can have valugs- F near the origin, which

and/or object-based methods (e.g., Ebert and McBride, 2000ds physically unreasonable. Needless to say this also makes

Davis et al., 2006; many more) that strive to identify pre- the use of the function suspect when the problem does not

cipitation “events” and result in information that includes actually happen.

measures of the placement accuracy of the forecasts of these To prevent this possibility an additional requirement to

events. In contrast, the objective of té&l/d F method was have H(F)<F for all F is needed. This will be achieved

to arrive at a placement accuracy measure without involvingf Eq. (3) is replaced by

decisions needed for the identification of individual precipi-

tation events. The adjusted ETS was intended to serve as ah— = b(0O — H), b = const (5)

improvement on the popular ETS score, by not losing much

on its simplicity of use while at the same time rendering thewhered A=d F— H stands for additional false alarms occur-

obviously important information on the placement accuracyring asF is increased by/F. It should be stressed that no

of the forecasts, not clearly visible from a combination of the claims are made to havea physical constant of the forecast-

standard ETS and bias scores. ing system in place; the assumption is made merely to arrive

at a single use interpolation/extrapolation function satisfying
the requirements made.
2 Method While not as straightforward as that of Eq. (3), the solu-
tion of Eq. (5) is readily obtained via symbolic mathematical

Using theF, H, O notation, the threat score, TS, and the software, such as Mathematica or Matlab. One finds

equitable threat score, ETS, are defined by

1
H H(F) = O — =lambertw( b0 ¢ ©—F) 6
TS=_ * (1) () b ( ¢ ) ©)
F+0-H : i i
q where lambertw is the inverse function of
an
~ F+0—-H-FO/N In Mathematica, it is denoted ProductLog; the name omega

respectively, withv denoting the total number of verification function is also used. Thus,

points, or events. Given a set of known valuegofH, and lambertwz) = w 8)
0, the interpolation or extrapolation functidi (F) of the
dH/d F method was arrived at by postulating Requiring that Eq. (6) satisfy the known valuesrfH de-
JH noted asFj, Hp, and using Eg. (7) and Eq. (8), one obtains
IF = a(O — H), a=const 3) 1 0

b n ( ) (©)
and requiring that the resulting functidh( F) satisfy the re- Fp — H)p 0 —Hp
quirements: Thus,

number of hitsH must be zero foF=0;

the functionH (F) has to satisfy the known value &f for H(F)=0 — Fo — Hy lambertw
the model'sF, and, In (0%Hb>

H (F) should remain less than but has to appro@chs F

increases. o n o o Fp—Hj (10)
These requirements led to the bias adjusted valug of F, — Hy O — H, O — Hy
O—H 7 is the required functior (F') of the present method, to be
Hy =0 (1~ ( 0 ) (4) referred to asiH/dA. Using it to obtain the bias adjusted

value of H, H,, we have
Using this value instead of the actusl, and O in place

of F in Eqg. (1) or (2), the bias adjusted threat or equitableH, = O — Iambertw( | ( 0 ))
threat score was calculated (Mesinger and Brill, 2004; see In (O_LH> F—H O-H
also Baldwin and Kain, 2006). (11)

The performance of thé H/d F method when applied to
TS in comparison with that of five other measures has beemwvhere the subscripts df, and H, have been omitted. The
analyzed by Baldwin and Kain (2006) for an idealized cased H/d A bias adjusted values of the threat and the equitable
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Fig. 2. Domains of the Eta 12 km operational model during the time

of the scores shown in Figs. 3-5, February 2004-January 2005,
heavy black line, and of the “high resolution windows” of the

O values is considered known; sinfe H are values for a forecast [ ,asted NMM model (Nonhydrostatic Mesoscale Model), dashed
presumably having a bias, they are denotedrpy H,,. Values of color lines. (Plot courtesy of Eric Rogers).
F, H, O equal to 70, 35, and 100, respectively, are used for the plot

shown. A function is soughtf (F) that will be consistent with the

known asymptotics of the problem, and will enable extrapolation or . . .
interpolati):)nF())fH to the vafue ofF/O=1. P used to depict the impact of the method. One is the Global

Forecast System (GFS), containing the NCEP operational
global model, referred to now as GFS (e.g., GCWM Branch,

threat score, respectively, are now obtained using Eq. (11) a5MC, 2003). The other is the Eta model (e.g., Pielke, 2002,
opposed to Eq. (4) fofl while replacingF by O in Eq. (1) pp. 542-544), run at the time at 12 km horizontal resolution.
and Eq. (2). The Eta was obtaining its lateral boundary conditions from

An example of the resulting functiof (F) is shown in the GFS run of 6 h earlier. As of summer 2002 and through

Fig. 1. It shows the shape &f (F) for values of 70, 35, and the period addressed, a still higher resolution model, NMM
100, for theF,, H, and O, respectively. The bias adjusted (Nonhydrostatic Mesoscale Model, e.g., JanR003) was
value of H obtained is 47.5579. Standard ETS in this case is'un over six “high resolution windows™ covering the con-
0.2586, while the bias adjusted ETS is equal to 0.3112.  tiguous United States (CONUS) area, Alaska, Hawaii, and
While lambertw or ProductLog function is not available Puerto Rico. The domains of the Eta and the NMM mod-
with standard programming languages, ready-made codegls are shown in Fig. 2. Qver its three QONUS domains, the
are freely downloadable via the Internet that can be used{MM was run at 8 km horizontal resolution. The Eta and the
for that purpose. For example, two codes are available aNMM both used 60 layers in the vertical and they have used
http://www.netlib.org/toms/443. The one named “wesy  essentially the same precipitation schemes.
was used for the real forecast examples of the next section.  Two of the CONUS domains of Fig. 2 were chosen for ver-
A problem one can have with the method is that of the ification examples; the one centered over the eastern US (to
existence of singular cases. Three possible singular casd¥ referred to as “East”), and that centered over the western
can be identified: (a) no false alarm@y=F), (b) all of the ~ US (to be referred to as “West"). The motivation for choos-
observed points have been hiif=0), and (c) there were ing the two domains is that over the East the impact of topog-
no hits (,=0). It is suggested that it is in the spirit of the raphy is less localized than in the mountainous West where
method to declare in the former two cagés=0, given that it can dominate precipitation placement so that differences
in these two cases, (a) and (b), there is no basis to objedf the relative performance of models over the two regions
to position accuracy. In the third case, that of hifs=0, may provide insights of interest. The period specified is on
obviously H, should be set to zero as well. the other hand chosen as particularly attractive as it includes
three months of by far the heaviest rains in the West during
all of the period January 2004—August 2005, when the scores
3 Examples: 12 months of three NCEP models' scores of these three models ceased being simultaneously available.
Several high impact very heavy rain events in the West are
Precipitation scores of three NCEP models operational durincluded in the period selected, such as that having led to the
ing the 12-month period February 2004—January 2005 aré.a Conchita, CA, mudslide of January 2005.

Fig. 1. lllustration of the bias adjustment method. A tripletfofH,
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Eq. Threat, Eastern Nest, Feb 04-Jan 05
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Fig. 3. 12-month precipitation equitable threat (upper panel) andFig. 4. 12-month precipitation equitable threat (upper panel) and
bias scores (lower panel) for three NCEP operational models, “Eastbias scores (lower panel) for three NCEP operational models,
ern Nest”, 18-42 h forecasts. See text for further detail. “Western Nest”, 6-30 h forecasts. See text for further detail.

Verification is performed on a 12 km grid. Model forecasts with the Eta threats being slightly above the NMM'’s. But
are remapped to the verification grid in a procedure in whichthere are large differences in biases: high biases of the GFS
precipitation is considered constant over the model grid-boxand the NMM are seen, compared to lower biases of the Eta,
For more details on the precipitation verification system, rather close to unity for low and medium intensity thresholds
maintained by Ying Lin, see http://www.emc.ncep.noaa.gov/but then steadily decreasing toward the heavy precipitation
mmb/ylin/pcpverif/scores/. The system is a component ofend of the plot.
and plots to be shown are generated by the NCEP Forecast | the West, a considerable advantage of the Eta in threat
Verification System (FVS), maintained by Keith Brill. scores is seen, with the Eta scoring the highest comfortably

Equitable threat and bias scores for the 12-month periodat all of the medium and high intensity thresholds from 0.5
over the two domains are shown in Figs. 3 and 4, for the Eastup to and including 2 in/24 h. Differences between the GFS
and for the West, respectively. Threat scores are shown in thand the NMM threat scores are seen to be small, except for
upper panels of these figures and biases in their lower panels. clear advantage of the NMM at the two highest intensity
In the East differences in threats between the models are nghresholds. But once again there are large differences in bi-
large; yet, the GFS threats are overall clearly still the highestases, with the NMM bias scores being overall the highest,

Adv. Geosci., 16, 137-142, 2008 www.adv-geosci.net/16/137/2008/
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those of the GFS being generally smaller, and the Eta ones Bias adj. Eq. Threat, Eastern Nest, Feb 04-Jan 05
being smaller still, and fairly accurate over most of the inten- ~ ———————=ta
sity range covered. ~ seemesseooo crs

How much and in what way have these threat scores been 0;345;;;:;;3?7223222:5655 676161 386399 232222 88759 38209 11784
affected by model biases is not obvious. Did the biases of ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
around 1.2 help the GFS and the NMM in the East as “com-  ,, |
mon wisdom” has it they should, and have the biases hurt theo s
GFS when they reached values as high as about 1.4? In the’
West, did the Eta achieve these considerably higher threat’*°]
scores because the NMM was hurt by its excessive biases-25
at the medium to heavy intensity thresholds? Could it be o.z0
that the reason that models for heavier precipitation did not, .. |
achieve scores ranked the same as the resolution they used, |
as one might expect they should, is the impact of the bias on
ETS? These are precisely the issues which the bias adjust " |
ment ought to help resolve. 0-00

Bias adjusted threat scores resulting from the present hreshotd (nehes)
method are shown in Fig. 5, for the East, upper panel, and  ;;.; a4y, 5q. Threat, Western Nest, Feb 04-Jan 05
for the West, lower panel. In the East at the low intensity .
end of the plot, the biases of around 1.2 are indeed seento ... . o ___ Grs
have helped the Eta and the NMM ETS values, so that ad-  observation counts:
justed for bias these values have been reduced. In contrast, B
the very high bias of about 1.4 at this low end of the plot is
seen to have been hurting the GFS, so that adjusted for bias *° |
its value has increased some. But at the high intensity end of°->*7 ~
the plot the same very high bias is seen to have been helpfulo-30
to the GFS threats, as have of course also been the somewhat s |
elevated biases of both the GFS and NMM throughout the , ,, |
medium and high intensity thresholds. o as

This difference in the benefit from the elevated bias at the .
lowest and at the higher intensity thresholds can be under-"""°] N
stood by a simple inspection of the impact of hits due to °-°°
chance,FO/N in Eqg. (2). At the low end of the thresholds  o.o00
monitored this term is large so that a relatively large expan-
sion of the forecast area is needed for a given increase in hits

abpve those due to F;hance: and in faCt larger and' larger aI—slg. 5. Equitable threat scores as in the upper panels of Figs. 4
Fincreases. Thus, increasing the bias beyond unity ceaseg 5, but adjusted to remove the effect of bias, usingliéiA

being bene_ficial tq the increase in ETS.at va!ue_s that argnethod. “Eastern Nest” upper panel, “Western Nest” lower panel.
not exceedingly high. As the threshold intensity increases

FO/N decreases and eventually becomes negligible com-

pared to even a very few hits, so that the benefit the ETShere had to be other factor or factors in place and not the

scores tend to have from extra hits resulting from inflated bi-model's bias that have more than offset the resolution benefit
ases keeps being beneficial for very large biases. the model may have had.

In the West, with the bias of the NMM at the lowest
threshold not higher than around 1.2, the inflated biases of
the NMM are seen to have been of considerable help to its4 Summary
ETS values across all of the thresholds. The same holds
for the GFS over lower thresholds albeit to a lesser degreelt is pointed out that the widespread use of the ETS and
Thus, bias corrected ETS scores are seen to strongly sudpias scores “as a measure of forecast accuracy” is mislead-
gest a higher placement accuracy of the Eta compared to botimg, since higher ETS scores will normally result from biases
NMM and GFS across all of the thresholds. inflated beyond unity. A method is proposed to adjust or cor-
As to the ranking of the models’ ETS scores for heavierrect ETS scores so as to remove the impact of bias, and thus
precipitation not being according to the resolution used, thearrive at a measure that reflects the model’s accuragham
bias correction shows that if the higher resolution was help-ing precipitation. It is suggested that this bias adjusted ETS
ful to the models’ placement accuracy, in case of the NMM along with bias should be a much more useful information

T T T T T T T T T
0.01 0.10 0.25 0.50 0.75 1.00 1.50 2.00 3.00

Threshold (Inches)
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than the standard ETS and bias that for years many authorSbert, E. E. and McBride, J. L.: Verification of precipitation in
have been using to assess the accuracy of precipitation fore- weather systems: Determination of systematic errors, J. Hydrol.,
casts. 239, 179-202, 2000.

GCWM Branch, EMC: The GFS Atmospheric Model. NCEP Office
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