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Hydrological Prediction: 
How well can we estimate 
water stored on the land?
� Statistical and dynamical 

approaches.
� Mostly helpful in snowmelt-

dominated regions.
� Opportunities to improve with 

advances in process-based 
models, data assimilation, 
increased compute power.

hydrological predictability
(land)

Opportunities for prediction

Water Cycle (from NASA)

Source: NRCS

April-July volume Weber @ Oakley = 
+ 3.50 * Apr 1st Smith & Morehouse 

(SMMU1) SWE
+ 1.66 * Apr 1st Trial Lake (TRLU1) SWE
+ 2.40 * Apr 1st Chalk Creek #1 (CHCU1) SWE
- 28.27Statistical with in situ observations

Dynamical (ESP)

hydrology forced with 
historical meteorology 

from different years

Hydrology model forced 
with recent meteorological 

observations

Motivation
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meteorological predictability
(climate)

Water Cycle (from NASA)

Meteorological predictability:
How well can we forecast the 
weather and climate?

Index Pattern

Nino 3.4 East Central Tropical Pacific SST

Nino 1+2 Extreme Eastern Tropical Pacific SST
Nino 3 Eastern Tropical Pacific SST

Nino 4 Central Tropical Pacific SST

AMO Atlantic Multidecadal Oscillation

NAO North Atlantic Oscillation
PDO Pacific Decadal Oscillation

PNA Pacific North American Index

SOI Southern Oscillation Index
MEI Multivariate ENSO index

WP Western Pacific Index

TNA Tropical Northern Atlantic Index

Reanalysis data

Climate indices

Opportunities for predictionMotivation
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meteorological predictability
(climate)

hydrological predictability
(land)

Water Cycle (from NASA)

How can we combine both to 
improve the predictability of 
seasonal streamflow?

What is the added value of 
complexity?

Opportunities for predictionMotivation



• Andes Cordillera: largest natural water reservoir.

• Rivers flowing from the Andes are the main source for 
water supply.

• Water resources in this region are highly vulnerable to 
projected increases in temperature and decrease in 
precipitation.

• Drought conditions over the last 11 years.

• Key challenge: hydrometeorological monitoring 
network is quite sparse.

Water resources in Central Chile

La Paloma reservoir, march 2015



Seasonal hydrological forecasts are required 
for appropriate water management

Water allocation relative 
to existing water rights

Reservoir operations for 
hydropower and irrigation



Mendoza et al. 2017 (HESS)

Sources of predictability



Sources of predictability
We build on previous experience testing ensemble forecasting systems in 
Andean watersheds



In Chile, official forecasting program since 
1970’s, based on regression models and in-situ 
hydrometeorological observations

Room for improvement:

• Probabilistic forecasts
• Skill statistics
• Reliability under changing climate



A case study: the Maule River Basin ( aprox. 36ºS)
• 6 subbasins
• Mixed flow regimes (snow and 

rain dominated)
• 1 Snow station



A case study: the Maule River Basin climate data
Precipitación Temperatura



Forecasting algorithms: seasonal
Simulated Initial Hydrological Conditions (IHC) + multiple regression

Preprocessed ERA5

GR6J + CemaNeige



Forecasting algorithms: weekly
Simulated Initial Hydrological Conditions (IHC) + NWP-driven simulation



Adding snowpack observations through a 
low-cost sensing network

2018

2019

2020

2020



Globally available meteorological products and hydrological 
simulation do provide some predictive power at the seasonal level.



Globally available meteorological products and 
hydrological simulation do provide predictive 
power at the seasonal level.



Is it possible to issue earlier forecasts (mid-
winter) with increased skill?



Ensemble weekly forecasts 
capture streamflow 
observations. Screening 
(preprocessing) reduces 
problem size and increases 
forecast skill.



Ongoing work

• “Assimilate” snow depth observations through screening of 
ensemble forecast members -> density simulation

• Testing climate forecast products for ESP
• Testing different hydrological model options
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THANKS!


