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AHPS – Defined
Advanced Hydrologic Prediction Services

The umbrella under which the NWS will 
improve the quality, relevance, and delivery of 
hydrologic information and forecasts to 
customers and partners.

Bottom line:  All beneficial changes in the 
hydrologic services program can be classified as 
AHPS.



ESP-Defined
Ensemble Streamflow Prediction

Ensemble Hydrologic Forecasting Definition:
“A process whereby a continuous hydrologic model 
is successively executed several times for the same 
forecast period by use of varied data input 
scenarios…”



CNRFC Operations

200+ Basins modeled

87 Flood Forecast Points
Partners: Calif. DWR
Season:  Oct. 15 – Apr. 15

50 Reservoir Inflow Points
COE, BUREC, Res Mangrs
Season:  year-round

50 Water Supply Points
Season: Jan.1 – Jul. 1



Deterministic Forecasts



Modeling Fundamentals

Operational 
Forecast System

Calibration 
SystemESP



Ensemble Streamflow Prediction (ESP)

NWSRFS models and current states.
Historical MAPs and MATs from calibration.
Flexible analysis window.
Many forecast variables.
Better performance under extreme conditions.
Use of weather and climate forecasts.



Hydrologic Ensemble Uses
(Risk Management)

Short-range (hours to days)
Watch and warning program
Local emergency management activities
Reservoir and flood control system management
Navigation
Power

Medium-range (days to weeks)
Reservoir management
Local emergency management preparedness
Navigation
Snowmelt runoff management
Power

Long-range (weeks to months)
Water supply planning
Reservoir management
Power



ESP Trace Ensembles
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Climate Adjustments
Seasonal Forecasts



Climate Adjustments
Year Weights

Ability to weight years with similar climateAbility to weight years with similar climate
Most Most valuable when climate has a strong signal
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Current Conditions
SAC-SMA Model



Current Conditions

SNOW-17 Model



Current Conditions
Snow Model Updating
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ESP Trace Ensembles

Pohono traces



ESP Products

Statistical Processing

Error
Model
Error
Model

Forecasts & Products
• Water Supply
• Peak Flow 
• Minimum Flow
• User Defined Products
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ESP Products
Forecast Tabular Display



ESP Products
Probability Histograms



ESP Products
Exceedance Probability Plots

CS :  current conditions, forecast 
taken off this curve.
HS : historical observations on 
actual flow, not using QPF, not using 
current conditions.
OBS : observation, straight flow 
values what has happened



ESP
Products

Spring 
Snowmelt
Forecast

www.cnrfc.noaa.gov/products/snowmelt/snowmelt.pdf



Sample Snowmelt Forecast



ESP Products

“Build your 
own product”

at
www.cnrfc.noaa.gov



Ensemble Challenges

Maintain coherence between deterministic and 
ensemble forecasts



Short-term Ensemble Prototype

Smith River

Salmon RiverMad River

Van Duzen River

American River

(11 basins)
Navarro River



Short-term Ensemble Prototype

5 day precipitation and temperature ensembles

Based on operational deterministic precipitation 
and temperature forecasts

Uses forecast (skill) and watershed climatology



Short-term Ensemble Prototype

Appropriately integrate the uncertainty introduced 
from model, data, and human sources. 

OBSERVATIONS
precipitation

air temperature
streamflow

MODEL STATES
snow

soil moisture
basin routing

MODELLING SYSTEM
simplifications

temporal issues
scale issues

???
MODEL PARMS

snow
soil moisture
basin routing

HUMAN INPUT
education
training

experience
mental state

FORECASTS
precipitation

air temperature
regulation



AHPS/ESP

Summary

Hydrologic ensembles use variations of precip and 
temperature, based on historical time-series
Historical MAPs and MATs are blended with short-
term forecasts
Climate forecasts used to adjust MAPs/MATs
Initial conditions come from operational files
Ensembles of traces are made by running the model 
from the current initial conditions
Statistics are derived from the ensemble of traces
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