California-Nevada River Forecast Center

NOAA’s National Weather Service

Water Resources Forecasting and the
Need for Skillful Climate Forecasts
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"/ Mission of NWS
Hydrologic Services Program

" Provide river and flood forecasts and warnings
for the protection of lives and property




<L Mission of NWS
Hydrologic Services Program

" Provide basic hydrologic forecast information for
the nation’s environmental and economic well
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Operational River Forecasting
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Operational HAS Function

(Meteorology)

Local collaboration 3-Day Forecasts
as required Updated every 6 hours




Community Hydrologic
Prediction System

Other Models

FEWS Forecasting Shell
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FEWS General Adapter ‘

] I

FEWS-PI XML FEWS-P| XMLl

Model native | o Modelaxs ,|Model native

input files ! output files




Community Hydrologic Prediction
System (CHPS) Hydrologic Models

Rain-Snow Elevation * 6-hr Time Steps
Snow-17 * Lumped (not distributed)
Soil Model (SAC-SMA) * Mountainous basins
Unit Hydrograph + Subdivided into
Reservoir Models (RES-SNGL) « Upper/ Lower

River Routing Models * %  Upper / Middle / Lower
Arithmetic Transforms s /
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River Forecast System
Community Hydrologic Prediction System (CHPS)
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Deterministic Streamflow Prediction

HAS Unit
Forecasts

Mean Areal
Time Series

*Data Ingest
-Data QC
*Model Updating

Current Conditions

SMITH RIVER - JED SMITH NEAR CRESCENT CITY (CREC1)
Latitude: 41.79° N Longitude: 124.08° W Elevation: 79 Feet
Location: Del Norte County in California River Group: North Coast

Issuance Time: 5T Next Issuance:

Fiood Stage: 29.0 Feet
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@ River Guidance

« ~275 flood, non-flood,
and reservoir locations

« Updated w/each model
run

« 2x /[ day winter
weekdays

* 1x/day summer
weekdays and
weekends

* 4x/ day during flood
events

(www.cnrfc.noaa.gov)




Water Resources Forecasts

Traditional Customer Signals

* |ssue forecasts as early as possible in the month

« Update forecast at mid-month or when there is a
significant change

 |Include reliable climate signals



Water Resources Forecasts

Evolving Customer Signals

* Provide temporal “break-down”
* Monthly within the full season With a
« Weekly/daily near to the spring peak regression model?

* Low flow during summer periods
* Fisheries requirements
* Riparian management

 Non-traditional locations
* Not snow melt dominated

* Include weather and climate forecast information




Ensemble Streamflow Prediction

Current Conditions

*Data Ingest
-Data QC
*Model Updating

Flexible
Period of Interest

HAS Unit
Forecasts
v
Mean Areal
Met Time Series CHPS
All Years of Ensemble == d Hydrologic
Record Preprocessor Models
Numerical
Weather
Model
Forecasts o e




CNRFC Ensemble Forecasts

» Updated daily

&l - ~200 locations

i ©~ 365 day duration

« 10 standard graphics

g - Build your own
iInterface

* Includes 14 days of
weather forecasts



. Sample Ensemble Information

2015 Seasonal Trend Plot (Year View)
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Volume Accumulation For KINGS - PINE FLAT DAM, BL
Latitude: 36.831944 Longitude: -119.32361
Forecast for the period 05/18/2015 - 05/28/2015
This is a conditional simulation based on The current conditions as of 05/18/2015
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<L Meteorological Ensemble
Forecast Preprocessor (MEFP)

Short- RFC Ensembles
Range forecasts (days 1-5)

Bias-
. Ensembles corrected
Medium

GEFS  —> (days0-15) > short- to

-Range forecasts Merging ’ong_
 — range

r CESV2 N\ Ensembles fre
Long-

(out to 9 months)

forecasts ensembles
/

Range SN~—_—

. Ensembles
Climatology (out to one year)




CFSv2 Correlations by Date and Period

Sacramento — Delta, CA (above Shasta Lake)

Correlation (Rho) Between Forecasts and Observations
Source: CFSv2 Location: DLTC1HUF (MAP)
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CFSv2 Correlations for January 1
Sacramento — Delta,

Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.24304)
Neither Positive = 6 Obs Positive = 16 Fcst Positive = 91 Both Positive = 258

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold

Forecast Canonical Event Value

is: 0.970
Forecast 0-Threshold = 75.537 Observed 0-Threshold = 35.2552
Observed O-Threshold

14-30 Days
0=0.24
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Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds ‘v‘

IPT —- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.2022)
Neither Positive = 3 Obs Positive = 16 FcstPositive = 59 Both Positive = 293

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold
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CA (above Shasta Lake

Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds | ‘

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.39602)
Neither Positive = 10 Obs Positive =8 FcstPositive = 64 Both Positive = 289

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold
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Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds | |

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.20415)
Neither Positive = 15 Obs Positive = 13 Fcst Positive = 73 Both Positive = 270

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold

Forecast Canonical Event Value ||
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Forecast O-Threshold = 39.76 Observed 0-Threshold = 17.907
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CFSv2 Correlations by Date and Period

Kings River inflow to Pine Flat Reservoir

Correlation (Rho) Between Forecasts and Observations
Source: CFSv2 Location: PFTC1HMF (MAP)
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CFSv2 Correlations for January 1
Kings River inflow to Pine Flat Reservoir

Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds | =

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.12811)
Neither Positive = 7 Obs Positive = 20 Fcst Positive = 103 Both Positive = 241

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold
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Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds ‘v‘

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.21049)
Neither Positive = 1 Obs Positive = 20 Fcst Positive = 60 Both Positive = 200

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold
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Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds | =

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.27501)
Neither Positive =9 Obs Positive =9 Fcst Positive = 59 Both Positive = 294

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold

Forecast Canonical Event Value ||

is:0.970
Forecast 0-Threshold = 83.3667 Observed O-Threshold = 46.5074
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Select Diagnostic |MAP: Scatter Plot of Raw Forecast Against Observed Values and IPT Precipitation Thresholds ‘v‘

IPT -- Scatter Plot of Forecast Against Observed (IPT Correlation = 0.39069)
Neither Positive = 12 Obs Positive = 10 Fcst Positive = 80 Both Positive = 269

0-Thresholds Computed to Ensure the Fraction of Total Accumulated Precipitation Greater Than the Threshold
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(ref. Satish Regonda)

CESv2 Verification for Western US

WUSAChmdiv_PRCPF_30D




CFS Seasonal Forecast Skill - Precipitation
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Example Correlation Plot for
North Fork American River, CA

CE'S Precipitation Forecast vs Obsenation Comelation Forecast Period
: ; Definition

Period | Months
1 1-3
2-4
32
4-6
5-7
6-8

This plot shows how the coefficient of correlation between CFS forecast precipitation and
observed precipitation varies during the year, dependingon the eventbeing forecast. This
plotwas constructed for each ofthe 24 selected MOPEX basins. Separate correlation
plots were made for precipitation, tmin and tmax.




2015 Seasonal (April-July) Forecast

Feather River inflow to Oroville Reservoir

2015 Seasonal Trend Plot (Year View) Tabular View | Select a Different Water Year: | 2015 ¥
[Apr - Jul Most Probable: 249 kaf | 15% of Average |
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2014 Seasonal (April-July) Forecast

Feather River inflow to Oroville Reservoir

2014 Seasonal Trend Plot (Year View) Tabular View | Select a Different Water Year:
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2013 Seasonal (April-July) Forecast

Feather River inflow to Oroville Reservoir

2013 Seasonal Trend Plot (Year View) Tabular View | Select a Different Water Year:
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2012 Seasonal (April-July) Forecast

Feather River inflow to Oroville Reservoir

2012 Seasonal Trend Plot (Year View) Tabular View | Selecta Different Water Year:
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Summary

* Water resources are under tremendous
pressure given expanding demand and
iIncreasing variability of supplies

» Customers of water supply forecasts in the
Western U.S. need all the insight we can muster

 NWS has a technique for integrating CFSv2
information, but the skill appears to be quite
limited



@ California-Nevada
River Forecast Center

Thank You



Additional Slides



4-Year Accumulated Inflow 2012-2015
Shasta Reservoir

[SHDC1 05/20/2015 Most Probable: 14400 kaf | 61% of Average |
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4-Year Accumulated Inflow 2012-2015

Oroville Reservoir

[ORDC1 05/20/2015 Most Probable: 9170 kaf | 51% of Average |
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4-Year Accumulated Inflow 2012-2015
Folsom Reservoir

|FOLC1 05/20/2015 Most Probable: 5060 kaf | 46% of Average |
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4-Year Accumulated Inflow 2012-2015
New Melones Reservoir

[NMSC1 05/20/2015 Most Probable: 2040 kaf | 43% of Average |
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Volume Med — Traces (1950- 2008) FRecord High — Record Low — Crealed: 05202015 & 12:33 PM POT {ID = C ustom)
Volume Avg —  Accum to Date Avg Accum to Date Obs - Daily Obs — NOAA f WWS / Calfomia Nevada River Forecasi Cenler




4-Year Accumulated Inflow 2012-2015
Exchequer Reservoir

[EXQC1 05/20/2015 Most Probable: 1250 kaf | 30% of Average |
4365.0 54.56

4120 kaf
Average

4074.0 3092
3783.0 47.29
3492.0 43.65
3201.0 40.01
2310.0 36.38
2619.0 32.74
2328.0 29.10

2037.0 25.48

1746.0 1650 ka 21.82
Record Low {1987-1990)
1455.0 18.19

(1d-9y 50001) sswn|op pansasqQ fjeg

e
;]
=]
=]
[=]
=
c
2
"
]
=
E
3
§
4]
E
=
0
=
[
o
o
=
=
=

1164.0 14.55

Apr 27, 2012
873.0 12.3 kaf 10.91

582.0 T.28
Z1.0 3.64

0.0 0.00
10/01/711 o4z 100112 04/0113 10/0113 04/01/14 10/01/14 040115 09/3015
Multi Water Year 2012 to 2015 - Day (mm/dd/yy)
Observed to Date Percent of Average: 32% ( 1210 kaf ) Observed to Date Average: 3760 kaf
@ 20%: 1240 kaf 75%: 1250 kaf 50%: 1250 kaf 25%: 1270 kaf @ 10%: 1290 kaf
- Min Tmce (2000: 1240 kaf) —&— Median Trace (1970: 1250 kaf) - Max Trace (1953: 1310 kaf)

Volume Med = Traces (1950- 2008) Record High — Record Low — Crealed: 052002015 & 12:40 PM POT {ID = C ustom)
Volume Avg —  Accum to Date Avg Accum to Date Obs - Daily Obs — NOAA f WW S/ Calfomia Nevada River Forecasi Genler




4-Year Accumulated Inflow 2012-2015
Pine Flat Reservoir

[PFTC1 05/20/2015 Most Probable: 2470 kaf | 36% of Average |
7275.0 o0.94

£330 kaf
6720.0 | Average 84.88

6305.0 7381
5820.0 T2. 73
5335.0 66.69
4850.0 60.62
4365.0 34.56
3880.0 48.50

3395.0 42 44
3130 kaf
ogqp,0 | Record Low (1928-1931) 36.38

2425.0 30.31
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1940.0 24.25

1455.0 18.19

Apr 24, 2012
970.0 15.3 kaf 12.12

485.0 6.06

0.0 0.00
10/01/11 od/01/12 10/0112 04/0113 10/0113 04/01/14 10/01/14 04/01/15 09/30M15
Multi Water Year 2012 o 2015 - Day (mm/dd/yy)
Observed to Date Percent of Average: 38% (2330 kaf ) Observed to Date Average: 6090 kaf
@ 90%: 2440 kaf T5%: 2450 kaf 50%: 2470 kaf 25%: 2510 kaf @ 10%: 2570 kaf
—-&— Min Trace (1952: 2430 kaf) - Median Trace (1983: 2470 kaf) —&— Max Trace (1999; 2650 kaf)

Volume Med — Traces (1950- 2008) Record High =— Record Low — Crealed: 052002015 a1 12:35 PM PDT (D = G ustom)
Volume Avg —  Accum to Date Avg Accum to Date Obs -~ Daily Obs — NOAA / WS/ Calfomia Nevada River Farecas Genler




