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Changing Greenhouse Gases, Changing Climate

• Greenhouse gases add energy to the atmosphere.

• At a basic level, this will lead to rising temperatures globally.

• But other changes are expected and spatial patterns matter! 2



County-Level Predictions

• Predictions at the county level are hard.
• There is high confidence that the Central Coast will warm due to climate change.
• Changes in precipitation and fire much less certain. 3



Resolving Model Differences at Scale

• The climate service provided to the local scale by the global 
models is a work-in-progress.

• Stakeholders need the best information at the local level.

• Some models are better suited for Central Coast climate 
predictions than others.

• We can evaluate models on a number of metrics, and build 
new capabilities to serve, for example, the Central Coast.
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Improved Modeling of California’s Hydroclimate
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Resolution and Metrics

• Higher model spatial resolution helps.

• We can also evaluate models by 
metrics that we care about.
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Climate Model Metrics

Meteorological Metrics

Precipitation Character and Extremes:  24 metrics for precipitation characteristics 
and precipitation extremes have been developed.

Mesoscale Convective Systems:  Metrics based on MCS tracking in the early 
summer/late spring.

North American Monsoon System:  Metrics based on timing.

Atmospheric Rivers:  Initiated a collaboration with the ARTMIP project.

Coastal Storms:  A new tropical cyclone tool has been developed and optimized 
against the IBTrACS dataset.  A new metric for overland precip has been developed.

Sea Breeze:  2 metrics based on sea breeze. 7
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Wildfires and Climate Change

• For wildfires, the number 
of fires has decreased, but 
acreage has increased and 
costs have increased a lot!

• CalFire estimates that 
fires now cost 
Californians 
$70/person/yr.

• There is a pressing need to 
bend the curve of growth 
for fires.
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Wildfires Risk Monitoring

• Wildfires require fuel availability, 
low fuel-moisture, (un)favorable 
weather, and ignition.

• Observations and data-processing 
are needed to monitor risk. 
Machine-learning techniques can 
find smoke and fires automatically.

Remote Automatic Weather Stations (RAWS) in California.
Used to predict fire behavior and monitor fuels
http://www.raws.dri.edu
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Real-Time Fire Forecasting

• Fires sometimes create their own weather, but forecasts are possible!

• Satellite and aircraft imagery and weather-service data can be used to run a 
fire-weather forecast model.

10



in-plume concentration ~3000μg /m3 (3mg/m3)

Fuel Moisture
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• Climate model predictions of fire risk are a work-in-progress.

• We are building dynamic vegetation to capture vegetation growth, mortality, 
and moisture.

Fires and Climate

(Clark et al. 2016). Thus, our understanding of the influence
of forest structure and climate (and their interaction) on mor-
tality during drought remains extremely limited at a regional
scale, in part because spatial data on drought-related tree
mortality at this scale covering multiple years and prolonged
droughts are scarce.
We address these knowledge gaps using spatially explicit

data on forest mortality, structure, and climate from a broad
geographic region (the state of California) prior to and during
a recent extreme drought. California forests encompass large
gradients in climate and structure and are representative of
the challenges faced by many forests in western North Amer-
ica, where extensive fire suppression, logging, and grazing for
over a century have led to large increases in tree density and
stand basal area in many locations (Knapp et al. 2013; McIn-
tyre et al. 2015; Safford & Stevens in press). These changes
have likely increased forest vulnerability to stressors such as
bark beetles, wildfire, and drought (Millar & Stephenson
2015). Exemplifying this vulnerability, California experienced
a historically extreme drought from 2012 to 2015 that caused
the Governor’s office to declare a state of emergency due to
dramatic increases in tree mortality (Brown 2015).
The cumulative 3-year drought spanning the 2012–2014

water years (October 2011–September 2014) was among the
most extreme in California’s recorded history by any measure,
and potentially the most extreme in the past millennium,
depending on the reconstruction methodology and climate
data used (Griffin & Anchukaitis 2014; Swain et al. 2014;
Robeson 2015; Williams et al. 2015). The drought continued
during the 2015 water year (October 2014–September 2015),
making the cumulative 4-year drought from 2012–2015 likely
unprecedented in at least the past 1200 years, at least for cen-
tral and southern California (Robeson 2015). Given the pro-
jected increases in temperature due to climate change,
California’s 2012–2015 drought may represent an increasingly

common condition in which warmer temperatures coincide
with periodically occurring dry years (Berg & Hall 2015), con-
tributing to increasing physiological stress in trees (Williams
et al. 2015).
Dramatic reductions in live forest canopy water content – a

potential precursor to mortality – have been observed in many
areas of the state (Asner et al. 2016), but no study to date has
directly examined potential environmental drivers of actual
tree mortality during this drought. We used comprehensive
statewide annual aerial mortality surveys conducted by the
U.S. Forest Service from 2009 through 2015, combined with
regional-scale data on climatic water deficit (CWD) and forest
basal area, to ask (1) Does drought equally impact mortality
of trees inhabiting climatically wet and dry forests, or is it
concentrated in particular climatic regions? and (2) Does the
influence of competition on drought-related mortality depend
on average site climate?
Because the drought affected forests with a wide range of

mean annual CWD and stand basal area (Fig. 1), we can
directly observe tree mortality responses to extreme drought,
link these responses to long-term site climate and tree compe-
tition, and gain valuable insights into likely forest responses
to future drought as the climate continues to change.

MATERIAL AND METHODS

Mortality data

Annually, the United States Forest Service Pacific Southwest
Region Aerial Detection and Monitoring Program (ADMP)
flies a small aircraft over the majority of the forested areas of
the state of California and defines geospatial polygons that
represent aerially observed recent tree mortality (U.S. Forest
Service 2016). The polygons are produced by aerial observers
by carefully drawing outlines on digital aerial imagery around

Figure 1 Mean annual climatic water deficit (CWD) for the 1981–2015 period (a) and live basal area (b) for all 3.5 km grid cells that were surveyed for
mortality in at least 1 year between 2009 and 2015. In (a), cells with CWD > 1000 mm year!1 (7% of cells) were set equal to 1000 mm year!1, and cells
with CWD < 400 mm year!1 (1% of cells) were set to 400 mm year!1 to highlight contrasts within and among regions.
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