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Outline

• Addressing uncertainty in projecting regional climate changes: 
• The physical climate storyline approach

• Examples of physical climate storylines:
• Sequential mesoscale convective systems storyline: May 2015 TX/OK flood
• Hydroclimatic priming of CA wildfires storyline: 2018 fire season
• Seasonally-dependent circulation and hydroclimatic changes are key elements in 

the narratives of the physical climate storylines
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Uncertainty in large-scale circulation changes dominates 
uncertainty in regional precipitation changes

(Xie et al. 2015 NCC)

Inter-model spread of tropical precipitation change

Ensemble mean / s.d.

Individual models

(Xie et al. 2015 NCC)
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Modeling in the context of deep uncertainties 

How to make pragmatic choices given limitations to fully explore the uncertainty space?

Forcing uncertainty Model uncertainty Internal variability Model complexity
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Storyline approach

• Storylines are “qualitative description of plausible future evolutions, describing the 
characteristics, general logic and developments underlying a particular quantitative 
set of scenarios” (IPCC)

• Physical climate storylines: 
• Physically self-consistent unfolding of past events, or of plausible future events or 

pathways (Shepherd et al. 2018)
• Conditioned on a set of assumptions and built from causal arguments
• A common question: if this event were to happen in the future, how would it look like?
• But it’s also important to ask: how likely will the event happen in the future? 

• Scenario storylines: 
• A narrative description of a scenario, highlighting the main characteristics, 

relationships between key driving forces and the dynamics of their evolution. 
• By definition, no probabilities need to be attached to scenarios, and they are not 

predictions
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Physical climate storylines

Selection of an event with high societal impacts

• Fine-resolution modeling of the event

• Add perturbations: counter-factual or future

• Short duration and fine-resolution allow the 
event to be more realistically simulated

• Can afford to run a large ensemble of the 
event to characterize uncertainty

• Mechanistic understanding: thermodynamic 
effect, local feedback (e.g., land-atmosphere 
interactions, snow-albedo feedback)

How may the event look like in the future?

Metrics of extreme events and fine-
scale processes

• Large-scale circulation context
• Well suited for global models at relatively 

coarse resolution (CMIP/LEN)
• Provide boundary conditions for fine-scale 

modeling of the event
• Develop narratives of large-scale circulation 

changes
• Mechanistic understanding: dynamical effect, 

teleconnections

How likely will the event happen in the 
future?

Metrics of large-scale circulation in the 
context of extreme events
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A sequential MCS storyline: May 2015 TX/OK flood
TX//OK total and MCS precipitation in May 2015 

is 200-400% above normal A cluster of 9 MCSs within 4 days

Combining an MCS 
database and NOAA flood 
event database: MCSs 
account for the majority 
of floods in spring

(Hu et al. in review GRL)
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A sequential MCS storyline: modeling the flood event

• A WRF simulation at 3 km grid spacing well reproduces the total and MCS rainfall
• Perturbation experiments will be performed using a pseudo-global warming 

approach, emphasizing the thermodynamic effect 

Observed and simulated total and MCS precipitation
Observed and simulated MCS rain fraction
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• Self-organizing map 
analysis identifies four 
types of large-scale 
environments favorable for 
MCS initiation in spring

• They feature frontal system 
and the Great Plains low-
level jet (GPLLJ)

(Song et al. 2019 JCLIM)

A sequential MCS storyline: environment favorable 
for MCSs in spring

MCS large-scale environments favorable for MCSs in spring
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• Competing effects of the 
poleward shift of the 
westerly jet and enhanced 
land-sea temperature 
contrast under warming 
drive seasonally-dependent 
changes in the GPLLJ

• GPLLJ enhancement in 
spring and fall but little 
change in summer

Different changes in spring vs. summer

(Zhou et al. 2021 GRL)

A sequential MCS storyline: seasonally-dependent 
future changes in circulation



11
(Zhou et al. in review JCLIM)

Seasonally-dependent future changes analogous to 
climatological seasonal evolution

Climatological poleward migration of jet + future poleward jet shift 
=  late spring wetting and late summer drying



12(Zhou et al. in review JCLIM)

Seasonally-dependent future changes in wet and dry 
extremes in the U.S. Midwest

• The likelihood of an extreme wet late spring increases by 15 (8) times under high 
(intermediate) scenario over this century

• The likelihood of an extreme dry late summer increases by 10 (5) times 
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• The Mendocino Complex Fire in 2018 is the second largest recorded fire in California’s history
• A total of 459,123 acres burned between July 27 and Sep 18, causing at least $267 million 

(2018 USD) in damages (property lost and fire suppression cost)
• California has a long history of wildfires, with burned area increasing by 3.6% per year 

between 1984 and 2017

CA Wildfires storyline: 2018 fire season

California wildfire since 1990 (Mercury News)

Image of the 
Mendocino Complex 
Fire and smoke 
captured by NASA's 
Aqua satellite on 
August 06, 2018 with 
the MODIS instrument
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• Develop an ML model (XGBoost) to predict monthly burned area at 0.25o x 0.25o over the US including 
local meteorology, large-scale meteorological pattern, land-surface properties, and socioeconomic
and other static variables as predictors

• Identify the relative importance of the predictor variables using Shapley additive explanations (SHAP)

(Wang et al., in review Earth’s Future)

SHAP values and predicted normalized emission for CA

Large-scale 
meteorology 
and droughtRH

* **

CA Wildfires storyline: a machine learning model
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CA Wildfires storyline: circulation favoring wildfires

• About 60% of wildfires in 1984-2017 occur 
under hot-dry conditions with higher 
pressure, NE wind, lower relative humidity, 
higher temperature, and downward motion

• Hot-wet conditions account for 12% of 
wildfires when anomalous convection and 
lightning trigger wildfires

(Dong et al. 2021 JGR-A)
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Eastward extension of westerly jet: steer 
storm tracks toward CA

Deepening of Aleutian Low: moisture 
advection towards CA

(Dong et al. 2019 JCLIM)

CA Wildfires storyline: changes in winter circulation 
increasing winter precipitation



17

Shaded: changes in 
zonally asymmetric 
specific humidity (g/kg) 

Contour: climatological 
zonal wind (m/s)

Winter:

• Wet advection by westerly wind

∆𝒒𝒒𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 < ∆𝒒𝒒𝒐𝒐𝒐𝒐𝒐𝒐𝒍𝒍𝒍𝒍

CA Wildfires storyline: changes in mean moisture 
advection induce seasonality changes

Spring & Fall: 

• Dry advection by westerly wind

∆𝒒𝒒𝒍𝒍𝒍𝒍𝒍𝒍𝒍𝒍 > ∆𝒒𝒒𝒐𝒐𝒐𝒐𝒐𝒐𝒍𝒍𝒍𝒍

Ocean Land

SpringWinter Fall
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𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 < 𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑙𝑙𝑙𝑙, ∆𝑇𝑇𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 > ∆𝑇𝑇𝑜𝑜𝑜𝑜𝑜𝑜𝑙𝑙𝑙𝑙 ∆𝑞𝑞𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑣𝑣𝑣𝑣 ∆𝑞𝑞𝑜𝑜𝑜𝑜𝑜𝑜𝑙𝑙𝑙𝑙?

CA Wildfires storyline: nonlinear Clausius-Clapeyron 
relation induces drying in spring and fall

Winter Spring / Fall
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(Dong et al. 2019 JCLIM)

A sharpening of precipitation seasonal cycle 
in California projected by CMIP5 models

CA Wildfires storyline: sharpening of seasonal 
precipitation

More AR days in winter        
Less April 1st SWE and reduced summer runoff

(Chen et al. 2019 JGR-A)

• Changing seasonality of mean and extreme precipitation, AR frequency, snowpack and 
runoff towards sharpening has implications for wildfires (e.g., longer fire season)
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Summary

• Physical climate storylines can take advantage of fine-scale and coarser-scale models 
to address different questions at relevant scales

• Fine-scale models can realistically simulate extreme events (e.g., MCS floods)
• PGW experiments using fine-scale models can inform how the historical events may look like 

in the future with warming (and increased moisture)
• Global simulations in CMIP and LEN simulations can inform how likely the historical events 

may happen in the future
• Seasonally-dependent circulation and hydroclimate changes are ubiquitous with 

implications for extreme events (e.g., monsoon, Mediterranean climate, U.S. Great Plains)
• Mechanistic understanding of the future changes is key in providing multiple lines of 

evidence, which requires deep analysis
• Selection of storylines, modeling approaches, metrics, and analyses would benefit 

from dialogues between climate scientists and stakeholders
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