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Water Resources Management



The Demand
(or part of it)

1. Total rainfall is important but
also how it is distributed in
time (onset, demise, duration,
frequency, intensity).

2. Multiple lead times are
important: subseasonal,
seasonal, interannual (e.g., 2-yr
is key because of storage
capacity).

3. Understandable, reliable
forecasts.

4. Link to experience/common
sense management practices
(context).

(Courtesy of Jeanine Jones)
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Minimize the 
function:

Key features to evaluate

• Shape, location and magnitude of spatial 
patterns

• Daily transitions, duration, sub-seasonal and 
seasonal (and decadal, and…) statistics

• Link to climate drivers

Similar days

Michelangeli et al. (1995); Robertson and Ghil (1999); Robertson et al. (2015); Muñoz et al. (2015, 2016, 2017; in prep)

A Flow-Dependent Approach
Building blocks!



Klee and his exploration of color sequences

Paul Klee (1879-1940)



Klee diagram
WTs:
90 days x
30 seasons

Paul Klee (1879-1940)

Muñoz et al., 2015

Ángel: it 
looks like 
noise to 
me..



Can we identify “typical years”?

Categorical classification 
algorithm (Hamming 

distance), repeated multiple 
times

k-medoids

States = particular sequences of WTs

Muñoz et al., 2015, 2016



s2s extreme rainfall scenarios
Frequency of days exceeding the 95th percentile (per grid box)

Interested in a 
particular 

week/month?

22.5 days/season

12.4 days/season

17.6 days/season

9.3 days/season

8.1 days/season

Muñoz et al., 2015, 2016



The general picture: s2s scenarios
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s2s states

s2s extreme rainfall scenario
Forecast DJF ‘16
96% for scenario I

Composite 
analysis/analogs

Multinomial 
logistic model

Spatial distribution Temporal distribution

Selection:
95th, 99th,… 

Predictor Predictand

s2s state’s 
probabilities

Extremes more likely during these 
days:

Moron et al 2015
Muñoz et al 2016
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Weather Types and their “impacts”

Robertson et al (2020); see also Andy’s presentation tomorrow



Weather Types and their impacts

Robertson et al (2020)



Weather Types and their impacts

Robertson et al (2020)



Introduction

• The IRI
• Working with National Weather Services and users all 

around the world
• Climate change AND natural climate variability
• Predictability at s2s scales
• How are predictions made?

Weather, sub-seasonal, 
seasonal, decadal, 
anthropogenic climate 
change scales… IRI Media team



Introduction

• The IRI
• Working with National Weather Services and users all 

around the world
• Climate change AND natural climate variability
• Predictability at s2s scales
• How are predictions made?

Weather, sub-seasonal, 
seasonal, decadal, 
anthropogenic climate 
change scales…

What if we could “pump” 
predictability from other 
timescales??

Muñoz et al., 2016
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NOAA’s ENSO Blog, Jan 2017 (Muñoz)

Weather Typing as Tool for Tropical-Extratropical Interactions

Cross-timescale Interference:
orchestrating climate rhythms
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The basins of attraction in the 
phase space are modified by 
the interaction of different 
climate drivers (e.g., ENSO + 
MJO)

As a result, certain 
trajectories in the phase 
space tend to be visited 
more frequently by the 
system.

Which implies some 
predictability in the 
temporal evolution of 
the variable of interest.

weeks?

Weather Typing as Tool for Tropical-Extratropical Interactions

X-timescale interference and pre-conditioning

Muñoz et al (2015, 2016, 2017)



Weather Types and their impacts

West Coast RidgePacific RidgeGreenland HighPacific Trough

Muñoz et al (in prep)



Cross-timescale Interference

Muñoz et al (in prep)
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Temporal Evolution
across timescales



Temporal Evolution
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Temporal Evolution
across timescales

Muñoz et al (in prep)



S2S Scenarios:
(circulation-based analog years)

Muñoz et al (in prep)



Muñoz et al (in prep)

S2S Scenarios:
(circulation-based analog years)

Typical Year
1
2
3
4
5

1984,1992,1993,1994,2001,2009,2010,2011,2014,2020
1983, 1990, 1991, 1995, 1997, 2002, 2003, 2008, 2012, 2021

1982, 1986, 1987, 1988, 1989, 2005, 2007, 2015, 2016
1996, 1998, 2006, 2013, 2017, 2018, 2019

1985, 1999, 2000, 2004



Muñoz et al (in prep)

Type 2 Year
Western US Rainfall Average

Composite 

2021 
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• This research is trying to provide additional guidance tools to forecasters.
• There are events that cannot be explained without interference or cross-

timescale interference.
• A weather type approach is useful to understand the physical process and to 

identify potential predictors at different timescales (WTs, SST+MJO,…).
• Extreme rainfall events may occur due to mono-timescale climate drivers (e.g., 

SST fields) or due to cross-timescale interferences.
• Cross-timescale Interference Conjecture:

+ Climate drivers at different timescale are not completely independent 
(entanglement).
+ Models considering cross-timescale interference provide forecasts with 
higher skill.

• It is possible to build forecast models to predict subseasonal-to-seasonal (s2s) 
states (typical years or “circulation-based analogs”). And from there there are 
different ways to produce s2s extreme rainfall scenarios.

Concluding Remarks
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The general picture: Caribbean
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s2s extreme rainfall scenario
Example
most likely 
scenario(s): I

Composite 
analysis/analogs

Multinomial 
logistic model

Spatial distribution Temporal distribution

Selection:
95th, 99th,… 

Predictor Predictand

s2s state’s 
probabilities

More extremes 
during first 10 days of 
the season

Muñoz et al., (2015, 2016)



Scenario I vs Observations
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Cross-validation (3-yr window)

Skill metrics:
Kendall’s t = 0.371*

Hit score = 48.27%
HSS = 0.353
* statistically significant value 
at p<0.05 

Predictor: frequency of WTs
Predictand: s2s states


