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Ensemble Streamflow Prediction (ESP)

Hydrologic forecast predictability derives from two major sources
 initial land surface moisture conditions

« future weather and climate i i —
| b predictiontechniques: description and
For the last 40 years (and even earlier), l e —
operational long-range (S2S) forecasts T
have harnessed the first source only % &
« ‘Extended’ Streamflow Prediction (ESP) LR
first used at CADWR and CNRFC in the
mid 1970s

« eg, Day, 1985; Wood et al, 2016
* NWS began ESP development in 1975
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Seasonal Volume Forecasts

The clickable map below summarizes the current ESP/CPC volume forecasts for the streamflow simulation locations that are currently
active. Clicking on a point launches a window showing the monthly streamflow hydrograph distributions for each type of forecast Streamflow Forecast vs. Climatology (1960-99)
(e.g., ESP, CPC). vV Balow the hydrographs, the prior evolution of selected basin-averaged hydrometeorological FORECAST DATE: December 25, 2003

variables is also shown. Tabular results for all volume forecasts are available from links at the bottom of the page. Corra Lino
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Exploring the propagation of uncertainty

ESP Hindcasts

Ensemble Apr-Jul Flow Forecast
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ESP forecast

perfect retrospective ensemble of met data
met data to generate to generate ensemble
perfect ICs forecast
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Exploring the propagation of uncertainty

Western US spring runoff forecast

Climate (boundary condition) uncertainty
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ESP forecast

perfect retrospective
met data to generate

ensemble of met data
to generate ensemble

perfect ICs forecast
Spin-up ICs Forecast
hydrologic obs
state

“Reverse-ESP” forecast

ensemble of met data
to generate ensemble

perfect retrospective
met forecast

of ICs
Spin-up ICs Forecast

hydrologic
state

Lorenz (1975): first (IC) and second (BC) kinds of predictability; see also Collins & Allen (2002)
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Quantification of uncertainty influence

Forecast errors as a fraction of climatological variance for different
initializations: October 1, January 1, April 1, July 1

= ESP (known IC) — revESP (known FORC)
1.4
Shasta Dam Inflow, CA (CDEC SHA)
ICs contribute i
little info cu,.l) 10—
= 08
o
o 0.6
©
o 0.4
0.2
0.0 — . . . . - . . - — . .
ND J FM A M J J A S O N D J
Climate
f t CICR GEOPHYSICAL RESEARCH LETTERS, VOL. 35, L14401, doi:10.1029/2008GL034648, 2008
oreccj;\s S :ﬁrﬁ
contribute all Article
info An ensemble approach for attribution of hydrologic prediction
uncertainty
Andrew W. Wood"? and Dennis P. Lettenmaier’
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Assessing the sources of flow forecast skill

NCAR
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vary predictor uncertainty 2 measure streamflow forecast uncertainty

Variational ESP Analysis (VESPA):
- explores influence of variations in
SCF and IHC uncertainty on
streamflow forecast uncertainty

d. VESPA forecast

scaled ensemble scalod ensomble
of INCs 01 met
forecasts
v V
Spin-up ICs Forecast

Wood et al (JHM 2016)
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VESPA gradients allow calculation of skill elasticities  zar/map

« Climate elasticity of flow
forecast skill = local
derivative of flow skill with —
respect to SCF skill

July 1 initialization
1-month runoff forecast

d(flow skill) / d(SCF skill) ESP point

ow forecast

SCF uncertajnty

« IHC elasticity of flow
forecast skill = local
derivative of flow skill with 0.0

respect to IHC skill 0.0 0.2 0.4 o.e-o.a 1.0

IHC uncertainty

d(flow skill) / d(IHC skill)

We can ask: For a specific flow
forecast in a given location, what is

IHC: initial Hydrologic Conditions the best way to improve the skill?
SCF: Seasonal Climate Forecasts
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Seasonal Variation in Watershed Moisture 4 /a0
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* Focused on 424 of Sac/Snow17 models for 424 of the Newman et al 762 basins
e Contrasting two today — (1) humid Eastern US basin...
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Hydro-climatic/Seasonal Variation in Watershed MoistureNcAr
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* Focused on 424 of Sac/Snow17 models for 424 of the Newman et al 762 basins
e Contrasting two today — (2) snowy Western US basin...

CRYSTAL RIVER AB AVALANCHE C. NEAR REDSTONE, CO. (08081600)
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Skill of Mean 3mo Runoff Forecast

Crystal River Ab Avalance Crk Nr Redstone CO
Oct 1 Nov 1 Dec 1

Snow-Driven Basin in the

Western US

 \Wide seasonal variations
in influence of different skill
sources

« cold forecast period (Dec-
Feb) -- forecast skKill
depends mainly on initial
condition accuracy

—

« warmer snowmelt forecast
period forecast skill
depends strongly on met.
forecast skill

May 1

Crystal R Ab Avalanche Crk Nr Redstone, CO (009081600)
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Snow-Driven Basin in the

Western US

« Sensitivities depend on
predictand duration

* For 1 month runoff (lead 0),
IHCs dominate forecast
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Skill of Mean 6mo Runoff Forecast

Crystal River Ab Avalance Crk Nr Redstone CO
Oct 1 Nov 1 Dec 1

Snow-Driven Basin in the

Western US

« Sensitivities depend on
predictand duration
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* For 6 month runoff (lead 0),
SCFs have more influence
than for shorter predictands
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Humid Basin in the

Eastern US

* Few seasonal variations in
streamflow skill
dependence

» Forecast skill (3 months) is
always a blend of IHC and
SCF influence
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SKill Elasticities for 3-month Streamflow Forecasts

F I ow Forecast Flow Forecast/ SCF Flow Forecast/IHC

Skill Elasticities

* The % change in flow forecast
skill versus per % change in
predictor source skill

Init Oct 1

* (Can help estimate the benefits of
investment to improve forecasts
in each area (IHC, SCF)

* for a predictand of interest
e foratime of interest

Init Jan 1

* Results emphasize that both SCF
skill and IHC skill are important,
depending on the forecast being
made and the location

Init Apr 1

* This work is funded by water
management agencies —
Reclamation and US Army Corps

of Engineers 00 02 04 06 08 10 12 14 16 18 20
unit change skill / unit change skill

Init Jul 1
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Summary Points RAL/HAP

* Forecast skill elasticities — a tool for skill attribution and forecast
system design

— Varying importance of improving watershed info versus S2S climate info

* ‘Windows of Opportunity’ affecting climate forecast value for

hydrology and water resources
— Conditional evaluation of a climate forecast system



