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Different
perspectives on skKill

How good were
historical forecasts:
Where?
When?
Why?

How forecasts
communicate their own skill

Courtesy: Tom Pagano - NRCS 3
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225%

A water manager interested in a single river
probably wants to know typical forecast error
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Correlation: 0.77
Bias: -2%
Average Error: 18%
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Roaring Fork at Glenwood Springs 1947-2007 April 1 Forecasts

Cumulative Absolute Forecast Error
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% Moarmal

% Mormal

However, percent of normal error is mostly determined
by observed streamflow variability.
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Small, variable streams have relatively more error than large ones
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Basic patterns: [ o &

Snowmelt-dominated areas do best A Res
r &.._.%:

Forecasts improve with leadtime /

. . Period of Record
Spring rainfall areas do poorly Official Apr 1

Water Supply
_ Outlook Skill
Complex geology an issue (correlation*2)

| no skil

] i ) ™ 001-0.10
Unaccounted diversions a pain - A4=030
v 0.21-0.30
7 0.31-0.40
v 041-050
A 0.51-060
& 0.61-070
4 (0.71-0.280
4 (0.81-050
+ 0.91 - perfect

Some places just a data mess

NRCS Nartional Warter and Clhimare Center

Targer periods with no less than 20 years of forecast-observarion pairs
Provisional Data - Subiect 1o Revision

Courtesy: Tom Pagano - NRCS 8



Most east-slope
basins are heavily
Influenced by
spring precipitation.

Water supply forecasts
have unavoidably high
uncertainty because
spring precipitation

IS unknown there.

Apr-July "
Oct-July =+ '»
Precipitation"‘

Dry spring mm 20%

Wet spring . 80%

Courtesy: Tom Pagano - NRCS 9



Perfect 1.00

0.90 -

0.80 -
0.70 i
0.60 -
0.50 -
0.40 -
0.30 -

0.20 1'

0.10 -

Correlation (squared)

No skill 0.00 s T T T T T T T T T
1-Nov 1-Dec 1-Jan 1-Feb 1-Mar 1-Apr 1-May 1-Jun 1-Jul 1-Aug

Boulder Ck nr Orodell
Spring precipitation
dominated...
Low skill by April 1

East River at Almont
Winter precipitation
dominated...
High skill by April 1

Courtesy: Tom Pagano - NRCS 10



Incomplete historical records
Getting the right “observed”
Changes in forecast system

Getting the right balance between
usefulness and understandability

Courtesy: Tom Pagano - NRCS 11



Incomplete historical records:
To get a stable set of data,
you often need decades of old forecasts,
which often aren’t available.

Lake Powell Inflow Example:

1947 April 1 forecasts start (Apr-Sep target)

1947-1963: Gage moves 4 times (or is just the name changed?)
~1960: February and March 1 forecasts start

1960: Apr-July target now available

1980: January 1 forecasts start

1980’s: NRCS-NWS coordination starts

NRCS digital records missing: 1981, 1985-1989, 1996

Courtesy: Tom Pagano - NRCS
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Getting the right observed:
But this is just comparing “today’s” version of the observed.
The old forecasters could’ve been shooting at a different target.

Types of streamflow: Types of adjustments:
Observed Reservoir storage

Actual Diversions

Modified Consumptive use
Unregulated/Regulated Transpiration
Adjusted/Unadjusted Changing demand

Natural Land use change

“Lewis and Clark” flow Evaporation from reservoirs

Bank storage
Surface/Groundwater interactions

Do users even know the target of the current forecasts?
Courtesy: Tom Pagano - NRCS 13



www.nwrfc.noaa.gov/westernwater/beta

Location: Mo Location Selected

e Selact State > |l| Select State First = ||| Select State First =

options
& \Water Supply Forecast

1J"'“-—n" MNarth
“Dakota

C Wiater Resource Outlaok
" Monthly Observed Flow
' climate Change

South
Dakota
Legend
.bTEU% ofMormal
T @ 150% - 150% of Mormal
@ 110% - 130% of Mormal
Nebra @ 90% - 110% of Narmal
« T0% - 90% of Mormal
o 50% - 70% of Mormal
@ =50% nfh‘mrma] '
@ Mo Normal
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Application

Map

Water Supply Forecasts
Verification

Data Checkout
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Verification Capabilities

NOAA/NWS Water water supply  water supply
Hesource Forecasts map forecasts

verification

Lacation: Invalid Location change location

e Select State = || Select State First =| || Select State First =

Location must be selected hefare verification data can be displayed

Mational YWesther Service

Wister Supply Farecast Application - version 2.0 (heta 1)

e Search By e Location
— Station ID — Change

— State, River, Location — Clear
— Return to main menu
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Verification Capabilities

NOAA/NWS Water water supply  wate

verification
Hesource Forecasts

change location

Location: Blue at Dillon Res, Colorado (DR

o Select Period: | Select Period j
9 Select Years: | =elect Feriod First j
9 T ——— W Coordinated Forecast

W' national Weather Service

M Matural Resource Conservation Service

W statistical Water Supply

W california Department of Water Resources
M Ensermble Streamflow Prediction

™ Ensemble Streamflow Prediction - Empirical
I Enszernble Streamflow Prediction - Normal

™ Ensemble Streamflow Prediction - Lognormal
™ Enzemble Streamflow Pradiction - Wiakelby
™ Ensemble Streamflow Prediction - Logwiebull
™ Ensernble Streamflow Prediction - Weibull

™ Ensemble Streamflow Pradiction - Loglogistic
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Verification Capabilities
© scectpiot e

Histarical

Streamflow Histogram

Scatterplot

mMean Absolute Error (Lead Time)

Mean Absolute Error (Years)

Root Mean Sgaured Error {Lead Time)
Foot Mean Sgaured Error (Year)

Skill Scare (Lead Timea)

Skill Score (Years)

Fercent Difference

Frobahility of Detection Ahaove Thrashold
Probability of Detection Below Threshold
False Alarm Rate Above Threshold
False Alarm Rate Below Threshold
Fank Histoaram

Fank Histogram (Lead Time)

Climate Wariability

Contingency Tahle

SIS NS TS T T TS e e Ta NS TS T T TS TS e O

Load Statistics

About Forecast Yerification Site Options
ieaningful information about the qu [ far ification is an Previous 5 Locations Yiewed




Verification Capabilities

ND:&ANWS Water water supply water supply ensemt | te data about

verification St mw
CNecrout WESLErm water

Hesource Forecasts

change location

ri; Blue at Dillon Res, Colorado (DIR

Seasonal Forecast Verification and Analysis

Q > *Select Forecast Period
Select Period: | Select Period j

@) soiect voars: LT *Forecasts Available
9 Select Data Sources: M Coordinated Forecast .C”matology AVailable

W' national Weather Service

M Matural Resource Conservation Service

W statistical Water Supply

W california Department of Water Resources
M Ensermble Streamflow Prediction

™ Ensemble Streamflow Prediction - Empirical
I Enszernble Streamflow Prediction - Normal

™ Ensemble Streamflow Prediction - Lognormal
™ Enzemble Streamflow Pradiction - Wiakelby
™ Ensemble Streamflow Prediction - Logwiebull
™ Ensernble Streamflow Prediction - Weibull

™ Ensemble Streamflow Pradiction - Loglogistic
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Verification Capabilities

NOAA/NWS Water water supply  water supply semble data

verification

Resource Forecasts map forecasts forecast scenarios checkout western water

Lacation: Blue at Dillon Res, Colorado (DIRC2- CERFC) change location

Seasonal Forecast Verification and Analysis

€ seectperion: Frprdul =] *Select Years

*Appear on Period
Selection

*Select any set of years
available

9 Select Data Sources: v Coordinated Forecast
W' ational Weather Service

WM Matural Resource Gonservation Service

W' ctatistical Water Supply

W california Department of water Resources
M Enserble Streamflow Prediction

™ Enzemble Streamilow Prediction - Empirical
™ Ensemble Streamflow Prediction - Normal

™ Enzemble Streamflow Prediction - Lognarmal
™ Ensemble Streamilow Prediction - Wakehy
™ Enzemble Streamflow Prediction - Logwiehull
" Ensemble Streamflow Prediction - Weibull

™ Ensemble Streamilow Prediction - Loglogistic




Verification Capabilities

NOAA/NWS Water water supply

verification

Resource Forecasts

change location

*Select Data Source

- *Six Main Sources Selected
2004 by Default

2008 *ESP option additional

.

o Select Data Sources: ¥ Coordinated Forecast
W' National Weather Service

M Matural Resource Conservation Service
W sStatistical Water Supply

W california Department of Water Resources
M Ensermble Streamflow Prediction

™ Enzemble Streamflow Pradiction - Empirical
I” Ensernble Streamflow Prediction - Norrmal

™ Ensemble Streamflow Pradiction - Lognormal
™ Ensemble Streamflow Pradiction - Wiakely
™ Ensemble Streamflow Prediction - Logwiebull
™ Ensemble Strearnflow Prediction - Weibull

™ Ensemble Streamflow Prediction - Logloai




Verification Capabilities
© scectrot e

«Select Plot Type

Historical
Strearmflow Histodram
Scatterplot

Mean Absolute Error (Lead Time)
Mean Absolute Errar (Years)
Foot Mean Sgaured Error (Lead Time)
Foot Mean Sgaured Error Ofean

Skill Score (Lead Time)

Skill Score (Years)

Fercent Difference

Probability of Detection Above Threshold
Probability of Detection Below Threshold
False Alarm Rate Above Threshold
False Alarm Rate Below Threshald
Rank Histogram

Rank Histogram {Lead Time)
Climate Wariatility
Contingency Tahle

sHistorical By Default

I TS TS T BN B T T T T T T T B T T T

Site Options
Previous 5 Locations Viewei
GEYCZ

Print Graph Dizplay Raw Data

Mationa




Verification Capabilities
© scectiot e

Historical
Strearmflow Histodram
Scatterplot
Mean Absolute Error (Lead Time)
Mean Absolute Errar (Years)
Foot Mean Sgaured Error (Lead Time)
Foot Mean Sgaured Error Ofean
Skill Score (Lead Time)
Skill Score (Years)
Fercent Difference
Probability of Detection Above Threshold
Probability of Detection Below Threshold
False Alarm Rate Above Threshold
False Alarm Rate Below Threshald
Rank Histogram
Rank Histogram {Lead Time)
Climate Wariatility

i Tahle

e[ oad Statistics

IS S TS TS BN B T TR T T T T T B T T

Load Statistics

Site Options
Previous 5 Locations Viewei
GEYCZ

Print Graph Dizplay Raw Data

Mationa




Verification Capabilities

Select Plot Type: Histarical . pn .

e Strearmflow Histodram .AbOUt Ver|f|Cat|0n
Scatterplot . .
Mean Absolute Error (Lead Time) ‘General deSC”pUOn
Mean Absolute Errar (Years)
Foot Mean Sgaured Error (Lead Time) oChangeS based on
Foot Mean Sgaured Error Ofean . . .
Skill Score (Lead Time) StatIStIC tO eXplaln
Skill Score (Years) graph

Fercent Difference

Probability of Detection Above Threshold
Probability of Detection Below Threshold
False Alarm Rate Above Threshold
False Alarm Rate Below Threshald
Rank Histogram

Rank Histogram {Lead Time)

Climate Wariatility

Contingency Tahle

I TS TS T BN B T T T T T T T B T T T

Load Statistics

Site Options
Previous 5 Locations Viewei
GEYCZ

Print Graph Dizplay Raw Data

Mational YWesther Sery




Verification Capabilities

Select Plot Type: Histarical : :
e Strearmflow Histodram .PreVIOUS Sltes

Scatterplot
Mean Absolute Error (Lead Time) ‘Remembers |a.St 5
Mean Absolute Errar (Years) et
Foot Mean Sgaured Error (Lead Time) VISIted
Foot Mean Sgaured Error Ofean
Skill Srare (Lead Time) *Go to Data Checkout
Skill Score (Years) .
Percent Difference *Print Gl‘aph

Probability of Detection Above Threshold
Probability of Detection Below Threshold
False Alarm Rate Above Threshold
False Alarm Rate Below Threshald
Rank Histogram

Rank Histogram {Lead Time)

Climate Wariatility

Contingency Tahle

I TS TS T BN B T T T T T T T B T T T

Load Statistics

Site Options
Previous 5 Locations Viewei
GEYCZ

Print Graph Dizplay Raw Data

Mationa




Verification Capabilities

NOAA/NWS Water wate

upply Wal ificati
pply wate ification

Resource Forecasts map

* Plot Area

data

— Auto scroll

Historical - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul

when needed

— Clearly labeled
with legend

= Period
see @ A a M1 mum
200 L @ @ & e COORD
& MU
MNRCS
WS
150 4 & b L]
bop & ESP

Options

' Historical

" Streamflow Histograrm
L Scatterplot

" MAE {Lead Time)

i MAE Maars)

" RMSE (Lead Time)

" RMSE (rean

Skill Score (Lead Time)

Skill Score (ears)
Fercent Difference

Volume Forecast (kaf)
=1
- o
-]
’t'
{.
ENENr S 8

i

o =
®
I=

100

|

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
J FMAMI JFMAMI JIFMAMIJIFMAMIJIJFMAMJ
2004 2003 2006 2007 2008
Date Forecasts Issued

[

About Historical

Previous 5 Loca

POD Above Threshold

FOD Below Threshold

FAR Above Thrashald

" FAR Below Threshald

" Rank Histograrm

" Rank Histogram (Lead Time)
" Climate Variability

. Contingency Tahle

Data Sources
Time Scale
Threshold

Data Source Information

Site Options
ns Viewed
DIRC2 G




erification Capabilities

NOAA/NWS Water

e Side Options
Statistic

Forecast
Type/Data
Source

Time Scale
Threshold

Data Source
Information

Graph Options

Resource Forecasts

Location: Blue at Dillon Res, Colorado (D

water

map

Seasonal Forecast Verification and Analysis

upply

o data
ification

change locatisf

Volume Forecast (kaf)

l

250

200

150 4

100

50

e
LB Bt L e e B e s e e e |

i

Forecast Period: Apr - Jul

Historical - BLUE - DILLON RES (DIRC2)

Options

= Obzerva % Historical

= Thresho

S =
-
[
®
I=

. Streamflows Histogram
k| Scatterplot

' WAE {Lead Time)

C MAE ears)

" RMSE (Lead Time)
" RMSE (Year:

" Skill Score (Lead Time)
" ckill Score ffears)

" Percent Difference

" pPoD Above Threshald
" POD Below Threshold
e " _FAR Above Threshald

167 KAF

= Period
Maximumn

= Period

Minimum
@ COORD
A& HWS
i MWRCS
iy
iy

SWS
ESF

|

" FAR Below Threshold

" Rank Histogram
" Rank Histogram (Lead Time)

" Climate Variahility

=

FMAMI
2004

4 F

M A
2003

M J d F M.AMI JF M ANM
2006 2007
Date Forecasts Issued

J

R

. Contingency Tahle

M A M J

2008 Data Sources

Time Scale

About Historical

Threshold

Data Source Information

site\Qptions
Previous 5 Locations Viewnd
DIRC2 G

Print Graph Display Raw Data




Verification Capabilities

Options

Statistic
(s Histnrﬁ' al

The Histarical displays forecast streé%nﬂu:uws for the selected period
from all agencies and observed streamflows from past years while
referencing the histarical maximurm, minimum, and average,

T WAE (Lead Time)

r MAE Tiears]
" RMSE (Lead Time)

" RMSE (fear)

Skill Scare (Lead Tirme)
Skill Score frears)
FPercent Difference
FOD Abowve Threshold
FOD Below Threshold
FAR Above Threshold
FAR Below Threshold
Fank Histogram

Fank Histogram (Lead Timel
Climate Yariability
contingency Takle

8 e i Nie N Nie Nie Nie e Nie Nig

Data Sources ‘

Time Scale
Threshold
Data Source Information

Statistic
— 18 Statistic choices
— Graph change on click

— Mouse-over displays info about graph

Group Titles

— Mouse and click to display other
options

28



Verification Capabilities

Options

Statistic
Data Sources

¥ coordinated Forecast L4
¥ Mational Weather Service

¥ ratural Resource
Conservation Service

¥ ctatistical Water Supply

V¥ califarnia Cepatttment of Water
Eesources

¥ Ensemble Streamilow
Frediction

™ Enzemble Streamflow
Frediction - Empirical

™ Enzembhle Streamflow
Frediction - Marmal

™ Ensemble Streamilow
Frediction - Lognormal

™ Enzemble Streamflow
Frediction - Wakeky

™ Enzemble Streamiflow
Frediction - Logwigkbull

™ Ensemble Streamilow
Frediction - Weibull

I Ensemble Streamflow
Prediction - Loglagistic

Time Scale
Threshold

Data Source Information

Forecast Type

— Change Data Sources to be displayed
— Graph change on click

29



Verification Capabilities

Statistic — Change Period
Data Sources

— Modify Years
— Graph change on click
— Month

* Only displayed when Contingency
001 Table Statistic is chosen

ZULE
(AR N LRy

Time Scale

e Change the month the table displays

Threshold

Graph Options

Data Source Information

30



Verification Capabilities

TG e Threshold

Statistic — Default is Climatology / Historical
Data Sources Ave ra ge

Time Scale )
Threshold — Enter value in KAF and press enter

Threshold Yalue: [IEEGRNNN (KAF) — Type ‘mean’ to return to default

— Valid option for all but Rank Histogram

statistic options.

— Graph change on ‘Enter’
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Verification Capabilities

Options
Statistic
Data Sources
Time Scale
Threshold

Data Source Information

COoORD
MWS
MRCS
SWWS
CADWER
ESP

100%
60%
60%
B0%
0%
56.7%

e Data Source Information

Calculated the percent of forecasts
available

Keep in mind; can skew thoughts about
statistics

32



Example

DIRC2
1991 — 2008 Forecast Available

33



Volume Forecast (kaf)

Historical

Historical - BLUE - DILLON RES
Forecast Period: Apr - Jul
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1991 1962 1963 1964 1965 1596 1987 1968 1968 2000
Date Forecasts Issued

(DIRC2)

= [Ohzervations

= Threshald Yalue:
167 kAF

= Period of Record
Maximums 1954

— Period of Record
Minimumsz 1981
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Ubserved Volume (kat)

Streamflow Histogram

Options
Statistic
Data Sources

Streamflow - BLUE - DILLON RES (DIRC2)

Time Scale
Forecast Period: Apr - Jul

300 Y ——— Threshold
— Threshold Yalue: Graph ljptiuns
[ 167 KAF
= Period of Record .
= r Maximum: 1954 m mg
— Period of Record YEars: Selected u
L Minimum: 1951 |
200 | Months:
i Data Source Information
150 | 5
ol  Graph Options
— Any Combination of Options
50
- — Sort/Unsort Years
0 — Display selected Years or All
L R T I (R R B SR e B R R
K S S S A R A I e e - Ob d
Observed Year served Years

— Display Summed Months
— Individual Months

— Each Month and Summed
35



Observed Volume (Kat)

300y

250

200

150

100

reamflow Histogram

Streamflow - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul (Jun Forecast Streamflow)

Ubserved Volume (kat)

jeie]

280

200

150

1

a0

2 N 2\ AT £ o A2 ™ il Al e S & o el A & & ] ) A% il A AN ] 2 Pl %l 22 5 ok o el <
o ) o L L ) o & O o o B o B £ A L 3B o ) o B o oy o o )
[ S R N AR A A S A S A A A SO AR S S S A . S A A

Observed Year

Streamflow - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul

W Observed Flow

— Threshold Yalue:
167 KeF
Period of Record
Maximum: 1964

— Period of Record
Mininum: 1981

M observed Flow -
B ohzerved Flow -
O okzerved Flow -
W ohserved Flow -
W bzerved Flow -
= Threshold Value:

167 KAF

Period of Record

Maximum: 1954

— Period of Record
Minimum: 1951

Apr
Mau
Jun
Jul
Total

J 2004 A M 0 ) 2005 AM 0 2008 A M 02007 AM 0 J 2008

Observed Year
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Forecast Volume (KAF)

300 i
250 :
200 :
150 :

100

a0

b -
F8H= L8

Scatterplot

Streamflow - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul

[=

2

2]

B SO G-
Ll 12 -8

20

40

B 20

100

120 140 180 180 200 220 240
Obzerved Volume [(KAF)

I [

s
Forecast Volume (KAF)

250

200

150

1006

]

0

COoRD
HWS
HRCS
SWS

B e

Time Scale

Graph Options

ESP Months: m

Options
Statistic
Data Sources

Threshold

Data Source Information

BB

COORD
HIS
HRCS
ShE
ESP

0

Observed Volume (KAF)

 Graph Options
— Display All Months or Specific
forecast Month
Streamflow - BLUE - DILLON RES (DIRC2)
Forecast Period: Apr - Jul (Apr Forecast Streamflow)
&
[ Al b 4
Fiy
s L
. & &
| SR
" o’ & P
i & 4
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Mean Absolute Lrror (Kar)

Error and Skill By Lead Time

Mean Absolute Error - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul Gptiﬂﬂﬁ
*E W cooro Statistic
W s
B nres Data Sources
O sus : :
o ese Time Scale
O Threshold : Threshold
Value: 167 kAF
' Graph Options
|
 Graph Options
— Display/Undisplay years within
the months
Root Mean Squared Error Skill Score Relative to Threshold - 167 KAF
dan Feb Har Apr Hay dun BLUE - DILLON RES (DIRC2)
Month Forecast Issued Forecast Period: Apr - Jul
. i _— I CoorD
e Comparison of forecast error to ol m
“average” error useful diagnostic = | . o

tool ,, _J‘J-:I-:I.l

20 -

Skill Score (%)

—40 -
-0 -

—80 -

—100 1 1 1 1 1
Jan Fek Mar Apr [ay Jun

Month Forecast Issued



Error and Skill By Lead Time

Root Mean Squared Error - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul

Hoot Mean Squared kError (Kaf)

120

100

oo
k=3

[=))
f=3

E
E=1

20

2001

2002 2003 Avg 2001
Jan

2002 2003 Avg 2001 2002 20005
Feb Mar

2001 2002
[au

2003 Avg 2001 2002 2003 Avg
Jun

Avg 2001
Month Forecast Issued

B coorD
W nus
E MRCs
O sws
M Esp

O Threshald
Value: 167 KAF

2002
Apr

2003

Awg
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1891 1892 1893 1594 18935

Options
Statistic
Data Sources
Time Scale
Threshold
Graph Options

Months: R ELED E

Data Source Information o

* Warning

— SS can be miss leading

when observed close to ™/
threshold (2003) ol

Error and Skill By Year

Root Mean Squared Error - BLUE - DILLON RES (DIRC2)
Forecast Period: Apr - Jul

1896 1897 1898 1393 2000 2001 2002 2003 2004 2005

* Graph Options

— Display All Months or Specific
forecast Month

o0 -
a0 -

a0 -

20 -

Skill Score (%)
E=3
T

W coorD

B s

@ HrCS

O sus

M esp

@ Threshald !
Yalue: 167 kAF '

2002 2003
Year Forecasts Issued

2004

Root Mean Squared Error Skill Score Relative to Threshold - 167 KAF
BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul

W CooRD
W nus
O NRrCs
O sus
M Esp




Mean Absolute Error (Kat)

120

Jan Feb Mat

Error and Skill By Year
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Probability of Detection

Probability of Detection - BLUE - DILLON RES (DIRC2)
Volumes Above Threshold - 167 KAF
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False Alarm Rate (%)
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Forecast Distribution

Rank Histogram - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul
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Forecast Uncertainty by month

Rank Histogram by Lead Time - BLUE - DILLON RES (DIRC2)

Forecast Period: Apr - Jul
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Observed Lag-1 Analysis
Climate Variability

Climate Variability with Threshold - 167 KAF Optiohs
BLUE - DILLON RES (DIRC2) Statistic

Forecast Period: Apr - Jul
Date Range: 1960 - 2008
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Contingency Table

Contingency Table for Jan with Threshold - 167 KAF
ELUE - DILLON RES (DIRC2)
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