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__;_Tdvx‘/ards a New AHPS

Limitation and Research Needs for ESP

“The AHPS approach to quantifying
uncertainties in operational forecasts
must be articulated”

Limitations and Research Needs for Verification in the NWSRFS

“Unlike meteorological forecasts, little is known about
hydrologic forecasts and actual river forecast skills™

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



_Objectives

o |dentify suitable measures for real-time ESP forecast
verification

» Propose operational procedure for ESP forecast
verification

* Propose examples of possible screens that can be
Integrated Into the system

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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ELEMENTS
OF
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Probabilistic

Continuous

Forecast Type

“Flood of n'th year .
[return period ——{Ordinal

Categorical

best judgement about the
situation

~
Correspondence to the forecaster's }

Correspondence between the mean
forecast and mean observation

{Box Plot }—
{Histogram —

Q-Qplots
Scatter Plots

Scatter Plots with
—.

Histograms

Distribution

between the forecasts and
observations (linear: Correlation)

Association

Strength of the relationship ]

> Exploratory

Association

forecast and observation (as surrogate

the level of agreement between the
of truth)

Bivariate Histograms
{M.ean Square Error
{Uncertainty

Skill some reference, generally unskilled,
forecast,

Verification
Measures

Relative accuracy of the forecast over ]

Summary Statistics Goodness (Murphy,

1993)

Reliability/

forecast values and the observed
Calibration

values.

the ability of the forecast to sort or
- resolve the set of events into subsets
with different frequency
distributions.
Sharpness/
Refi

Discrimination

Quality: Correspondence to what
actually happened

Correlation
Coefficient

Calibration Refinement:

Observation | Forecast
Likelinood-base rate:
Forecast | Observation

Average agreement between the 1

Association

Joint Distribution

Distribution Based
Murphy and Winkler

Marginal/Conditional

the tendency of the forecast to predict
extreme values. (property of forecast)

ability of the forecast to
discriminate among observations,
that is {Higher probability for
events that occur )

the variability of the observations
(Property of observation)

Utility in making some incremental J

economic and/or other benefit

Focus on Forecasters
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Distribution
HEsslorstor

Scatter Plots with
Histograms Combined
{Bivariate Histograms

[Mean Square Error

Uncertainty

Correlation

Coefficient

Accuracy

Summary Statistics

Likelihood-base rate:

Forecast | Observation

{Joint Distribution
Marginal/Conditional Murphy and Winkler
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~ Distribution oriented measuiges.

CR Factorization h(f,0)=y(o]| f)p(f)
LBR Factorization h(f,o)=r(f|o)t(o)

fi(q*) = P{Qi < CI* | &, }

where /; is the probability forecast, and «, is #he initial condition.
observation variable 0,(q") as

1 ifO. <qg”
oi(q*)=<1 !fQ"qu
0 IfQ,>q

.
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1.0

Reliability

02 04

Resolution

0.0

RELIABILITY:

Forecast probabilities for given event
match observed frequencies of that
event (with given prob. forecast)

RESOLUTION:

Occurrence and non-occurrence of
event is well resolved by forecast
system



~ Random Forecast

A

p(f)
. Overall Perfromance Measures
= Brier Score (BS) = (.330¢
o | | Brier Score - Baseline = (.2457
2 Skill Score = -0.324
Reliability = (.08335
Resolution = 0.0025
Uncertaintity = (0.2497
Reliability BS3-Decomposition
o | - -
- —=— Brier Score .
—=—_Reliability ~ /
L ] .
—= Resoltiop.~* \,_._.-—- .
© _ Skill Score A
= o "
Iy = A
3 @
g o z
L [an] Ret]
o = -
= o
= g - |
% § © 7
o £ &
= = _] =
o o —
c & /
Nl oot
[ o I.l'_é‘}.‘-
=1 (]
o
o
| | T | T | T | | | T T
0.0 02 04 0.6 048 1.0 0.0 02 04 0.6 048 10
Forecast Frequency f Forecast Frequency f

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Real Forecast (Augmented 154:
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~ The Attribute Diagram
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_Thresholds and Probabil ity Ra
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- ROC Curve

Observation
p n
o True False
o Positive Positive
?
False True
Negative Negative
Total P N

False Positive rate=FP/N = False Alarm Rate
True Positive Rate= TP/P = Hit Rate
Precision = TP/(TP+FP) = Positive Predictive value
Accuracy= (TP+TN)/(P+N)
Specificity = TN/(FP+TN)
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Threshold = 1
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positive forecast 0

Hit Rate

Threshold =0
Always make a
positive forecas

False Alarm Rate 1
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Other Measures (Bradley 2004

. L o —
Measured Quality Base dist. | Measure | Defimtion (Murphy 1996 and 1997) Formulae (Based on Bradley (2003)
Bi . Mean error. Difference between the mean forecast
s 20) ME probability and the climatological probability of the ME=p,—u,
Unconditional ffo) } - :
specific threshold.
bifo) Mean square error. Overall degree to which forecast \VISE 2 2
r 1 - . MSE = + +u (1—2p
Accuracy MSE corresponds with observations. (Jf Hr) Mol Hpo=1)
Skill or Relative be) A normalized measure of accuracy. Also known as the (0'; + H;) + (1= 2,51;3:1)
) SSMSE . - : S5y =1— =
Accuracy Brer Skill Score. e ol
) A measure of association between forecasts and o
Association bita) Pro observations. Potential skill of the perfectly rehiable o = EoxUES) = ) {#*F'O'I Hr
forecast (See definition of reliability) Cr 9 1-p, G
o el Degree of correspondence between the observations
Reliability/ . (i) associated with a given forecast and the forecastAlso 2
Type 1 Conditional | ¢ REL o . T REL=E (u .- )
Bigs) known as Type 1 conditional bias. In meteorology it is ST
1s) CE also known as Calibration
. yelp Degree of spread of cbservations around the conditional RES = E - 2
Resolution B RES mean of observation for a given forecast. ! (’u”f Ho)
Sharpness 2 G2 Degree to which probability forecasts approach 0 and 1. O'}
MSE_, =c? —REL— RES
elp MSECE . e . )
Concurrence o) SSCR Concurrence between reliability and resolution S5, =1- J’LISJ?CR _ REF 3 RE;L
oL o, o,
o) DIS=E,(lp, — Hs)"
A Degree of deviation between the conditional mean for o _ 2
Dis ation j;; DIS forecast from the mean of forecast DIS=(Q -4, )(‘ufg ﬂf)
. U (g — My )"
Type 2 conditional r{f]g) B2 Degree of correspondence between the mean of forecast B2=E (u,, —0) 2
biaas ) - conditioned bv observation and the mean of observations. oM fle
MSE, 3, = 0} + B2 - DIS
. rifle) MSECE . . 7
Relative Type 2 ) SSCR Concurrence between discrmination and B2 P ﬁ . MSE, ,, - DIS
IRR — 2 3 7
T, a, G,
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24 hrs
QPF Adjustment

lll. Situation Assessment

4 Forecasts a day —

Reservoirs }

Forecast Groups
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Load selection | Start

Begin
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| Twice a day
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Automated

IV. IFP_MAP
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Change MOD
Rating Curves
Notes
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Reservoir Issues

allow decision makers to think

about Info Forecast
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users
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Segment Command
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Decisions require
knowledge of individual
gauges

Raw Data Archived

Automated Acquisition

Stream flow data

{_Flat Files

HAZ Prepares QPFs _Early Morning

Rating Curves
downloaded daily

Rating Curves _Uupdated Zwice a week
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_f»__f)pe_'r_étienal Verificat_ic_ih?__,:

Wells, 2005. The objective of administrative verification of

deterministic river stage forecasts 1s to determine:
1.How does the performance of the actual forecasts

compare to the performance of persistence forecasts?
2.How does the forecast performance change with lead time

3.How does the forecast skill change with time

For ESP, No archive of forecasts exist because of:
(1)Recent implementation and continuing evolution of ESP

procedures at RFCs
(2)Lack of archival procedures of actual ESP forecasts in

their numeric (ensemble) format.

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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* Towardsa New AHPA (NRC, 200

While the Inclusion of a verification
subcomponent in AHPS NWSRFS is
recommended, there is a pressing need
for a long-term strategy and
maintenance of forecast archive for
future verification and NWSRFS
evaluation

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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