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computer speakers and
call 1-877-369-5243;
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pod which will be 
answered by the 
appropriate speaker. 
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Roadmap
 Discuss climatic changes across the US over the last 40 

years
 Explore climate-mediated shifts in fire weather 

regimes
 Changes in fire season length
 Changes in fire weather severity

 Implications for carbon cycle feedbacks



Why do we care?
 We must understand how 

climatic changes are 
affecting wildland fire 
activity across the US to 
identify areas where 
mitigation actions are 
most needed.

 Understanding climate / 
wildland fire relationships 
helps us to bracket 
uncertainty of expected 
outcomes.
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What drives wildland fire regimes?

Our goal: describe how weather changes 
may be influencing fire season duration

Wildfire activity and 
subsequent carbon feedbacks

 A fire regime shift can occur if:
 Fire seasons get longer
 Fire season weather gets more

extreme
 Fire seasons gets more variable
 Extreme events become more

frequent



Weather versus Climate
 Weather: Surface and 

upper atmospheric 
environmental 
conditions over very 
short time scales: hours, 
days

 Climate: Range of 
weather conditions 
common for a given 
place Schiermeier, Q. 2011. Climate and weather: Extreme measures. 

Nature 477, 148-149



Recent climatic changes across the United States and the World
 CONUS temperatures have risen on 

average 0.14°F per decade since 1901.
 Average temperatures have risen 

0.29 to 0.46°F per decade since 1979. 
 Eight of the top 10 warmest years have 

occurred since 1998, and 2012 and 2015 
were the two warmest years on record.

 Global average relative humidity is 
expected to remain  but regional 
variations may be important

 Precipitation is stable but regional 
droughts may be more severe, even if the 
frequency of droughts remains constant

 The ALIGNMENT of MULTIPLE 
weather drivers leads to the most 
severe wildfires



US Precipitation Changes
On average, precipitation has increased over 
land areas in the United States. 
• Since 1901, precipitation in the contiguous 

48 states has increased at a rate of 0.17 
inches per decade.





Gridded Global Surface Weather Reanalyses
 NCEP Reanalysis, NCEP Reanalysis II and ECMWF 

Interim Reanalysis
 Coarse, continuous, sub-daily global surface weather 

data that were used to derive daily weather across the 
globe from 1979-2016

How has global fire weather changed?



Maximum temperature and minimum 
relative humidity changes

Increased temperatures across much of the planet, but regional humidity variations



Rain-free days and maximum windspeed

If rainfall is stable, rainfall intensity is increasing



Hot Dry Windy



Calculating the Fire Danger Indices
 We calculate the daily:

 US Burning Index
 Canadian Fire Weather Index
 McArthur Forest Fire Danger 

Index
 However, the range of index 

values spanned two orders of 
magnitude
 So all metrics were  

standardized over space and 
time to yield an annual metric of 
Fire Weather Season Length, or 
the number of days each year 
that wildfires are likely to burn



Nation-wide burned comparisons
Country Year-to-year variation in 

burned area accounted
for by FWSL

Source

United States 46% *** (34) US NIFC

Canada 9% * (34) Canadian Forestry Database

Spain 49%*** (33)

European Fire Database

Portugal 43%*** (33)

Italy 67% *** (33)

France 22% *** (33)

Greece 37%  *** (33)

Latvia 48% *** (33)



Relationships between fire weather season 
length and burned area across Western forests

 Correlations between 
Fire Weather Season 
length and western 
forests burned area are 
high (r2=0.71)





Global season length trend
 18.7% increase in global 

fire weather season length 
from 1979-2013
 Represents an increase in 

the mean global fire 
season length from 18 to 
22 days

 Global burnable area 
affected by anomalously 
long fire weather seasons 
(>1.0 σ above historical 
mean) has doubled 
(108.1%)



Significant trends in global ensemble fire weather season 
length

Fire weather seasons have lengthened across 29.6M km2 (25.3%) 
of the Earth’s vegetated surface.



and an increased frequency of long fire weather seasons across 62.4M km2 (53.4%) 
of the globe’s vegetated areas during the second half of the study period.





Fire season severity is increasing across the US

When fire season length is held constant, most of US shows increases in the 
within-season fire weather severity as measured by fire danger indices





Fire weather season length 
anomalies for 2016



Not all fire seasons occur during 
the summer

One Fire Season
(Unimodal)

Two Fire Season
(Multi-modal)



Fire Return Interval for fall 2016 fire season
 Many areas witnessed 

fire danger conditions in 
fall of 2016 that exceeded 
500 year return intervals







Implications for the global carbon cycle
We compared mean annual global 
FWSL to global net land carbon flux

Net Land Carbon Flux = Land Carbon 
Sink – Land Use Change Emissions

Mean global FWSL accounted for over 
23% of the inter-annual variation 
global net land carbon uptake

Longer fire weather 
seasons -> more wildfire 
carbon loss -> less net 
carbon uptake by the 
vegetated surface



US Wildland Fire Carbon Emissions 
(1997-2016)
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Summary
 Global fire weather season lengths have increase by 18.7% 

and global burnable area affected doubled from 1979-2013
 Regional trends across the US were more pronounced

 Significant trends across California, the Great Basin, Rocky 
Mountains and part of the Southeastern US

 Observed extreme events like those in the Southeast are far 
outside historical ranges

 If changes continue, and they are coupled with 
ignition sources and available fuel, we can expect 
more burned area and higher intensity fires that 
foster direct global carbon cycle feedbacks



Publication
 Jolly, W.M., Cochrane, M.A., Freeborn, P.H., Holden, 

Z.A., Brown, T.J., Williamson, G.J., Bowman, D.M.J.S., 
2015. Climate-induced variations in global wildfire 
danger from 1979 to 2013. Nature Communications 6: 
7537.

Open Access



This work was supported by NASA Headquarters under the 
Terrestrial Ecology Program (NNX11AB89G) of the NASA 
Science Mission Directorate’s Earth Science Division. 



Questions & 
Answers

• By phone: Dial #2 
to enter the queue.

• On your computer: 
Type your question 
into the Q & A pod 
on the left side of 
your screen. 



Introduction to the Forest 
Resilience Bond (FRB)
Prepared for the US Forest ServiceIn

December 11th, 2017
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Goals of the Forest Resilience Bond

Provide 
resources to 

support 
collaboration

Accelerate 
pace and 
scale of 

restoration

Support 
public land 

management

SOCIAL

• Rural job creation &
community development

• Community resilience
• Protected lives & homes

ENVIRONMENTAL

• Reduced fire severity
• Protected water resources
• Carbon storage
• Protected habitat

FINANCIAL

• Value for beneficiaries
• Taxpayer and ratepayer

savings
• Investor returns
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USFS: Rising Cost of Fire Suppression

US Forest 
Service

Vicious cycle in which USFS is forced to pay for today’s fires out of 
the funds designed to prevent tomorrow’s

Cost of Wildland Fire (percent of USFS Annual Budget)1

2021
1. The Rising Cost of Wildfire Operations, USDA Forest Service

http://www.fs.fed.us/sites/default/files/2015-Fire-Budget-Report.pdf
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Utility Benefits of Forest Restoration

Water Utilities

• Reduces fire risk to water
quality

• Potential to increase
water quantity

Common Watershed Challenges
• Water quality

• Infrastructure damage

• Instream flow protection

• Declining yield

• Sedimentation

• Insect and disease

• Timing of flows/runoff

• Flood control

• Endangered species

• Climate resilience

Electric Utilities

• Protects against reservoir
sedimentation

• Potential to increase
utilization of cheap,
carbon-free hydropower
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The Forest Resilience Bond Ecosystem

Project Partners

Research Partners

Grant & In-Kind Funders
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Opportunity for Private Capital

USFS 2017 
Restoration 

Budget1

$424 million

Undeployed 
Capital for 

Conservation2

$3.1 billion

Total Market for 
Restoration3:

$58B

Highest Priority 
Projects:

$11B

1. USFS Fiscal Year 2017 Budget Overview ($40 million for CFLRP and $384.1 million for hazardous fuel reduction)
2. State of Private Investment in Conservation 2016 ($3.1 billion of investor capital undeployed at end of 2015)
3. USFS Fiscal Year 2017 Budget Overview (58 million acres at “high or very high risk of severe fire” @ $1,000/acre)

Advantages of Private Capital 

Ex-post 
payments

Project 
catalystLarger projectsCost sharingInfusion of 

capital

https://www.fs.fed.us/sites/default/files/fy-2017-fs-budget-overview.pdf
https://www.jpmorganchase.com/corporate/Corporate-Responsibility/document/cr-es-investment-in-conservation-report-2016.pdf
https://www.fs.fed.us/sites/default/files/fy-2017-fs-budget-overview.pdf
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Connecting Investor Capital to Conservation

Forest Resilience Bond

Investor 
Capital

Financial 
Vehicle

Innovative 
Contracts

Evaluation 
of Benefits

Ecosystem 
Services

Hydro, 
water, and 

fire benefits 
valuable to 

stakeholders

Quantifies 
benefits 

accruing to 
multiple 

stakeholders

Monetizes 
multi-

faceted 
benefits as 
payments

Converts 
contractual 
payments 

into investor 
returns

Immense, 
untapped 

resource to 
fund 

conservation
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Ecosystem Services of Forest Restoration

Investor 
Capital

Financial 
Vehicle

Innovative 
Contracts

Evaluation 
of Benefits

Ecosystem 
Services

Water Quantity & Quality

Air Quality & Emissions

Fire Severity

Job Creation

Community Resilience

Hydropower Generation

Recreation & Habitat
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Measurement and Evaluation

Investor 
Capital

Financial 
Vehicle

Innovative 
Contracts

Ecosystem 
Services

Evaluation 
of Benefits

Wildfire

Vegetation

Soil

Water

Carbon

Ecosystem 
Modeling

Remote 
Sensing

Field-Based 
Sensors

Fire Risk Reduction

Water Quantity & Quality

Hydropower Generation
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Contracting with Utilities

Investor 
Capital

Financial 
Vehicle

Evaluation 
of Benefits

Ecosystem 
Services

Innovative 
Contracts

Lower Precision

Value Retained by Utility

Pay-For-Success 
Payment to FRB

Cost Share
Payment to FRB

Estimated Total 
Value Created

Higher Precision

Value Retained by Utility

Pay-For-Success 
Payment to FRB

Cost Share
Payment to FRB
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Contracting with USFS

Investor 
Capital

Financial 
Vehicle

Evaluation 
of Benefits

Ecosystem 
Services

Innovative 
Contracts

• Restoration funding at a 
discount due to matching 
funds

• Involvement in other 
workstreams determined by 
USFS staff

• Project specific financing 
vehicle

• Utilizes Cooperative 
Agreements (e.g. Stewardship 
or Challenge Cost Share)

• Implementation partner can 
handle contracting and project 
management, as necessary

• Engagement –beneficiaries, 
investors, communities, etc.

• Contracting – utilities, 
investors, state, etc.

• Science – robust ecosystem 
service measurement

• Financing – deal structuring, 
fund management
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Financial Structuring

Investor 
Capital

Innovative 
Contracts

Evaluation 
of Benefits

Ecosystem 
Services

Financial 
Vehicle
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Benefits of FRB for Investors

Ecosystem 
Services

Evaluation 
of Benefits

Beneficiary 
Contracting

Financial 
Vehicle

Investor 
Capital

Stable, annual cash flows

Expressed investor demand

Sizeable investment opportunity

Portfolio diversification benefits

Multiple cash flow sources from low-risk counterparties
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Timeline to Market

Development 
Funding 

(Rockefeller Grant)

Rockefeller leads Round 2 of Development 
Funding (Federal & Private Foundation Grants)

Launch CA Pilot Projects 
(Cohort 1)

20212015

Launch Pilot Projects –
Western US (Cohort 2)

Market-Rate 
Projects 1, 2, 3



Page 51

Proposed Pilot Projects

Initial cohort 
of NFS pilot 

projects

Cross 
boundary 

pilot projects



Page 52

Additional Resources

Explore and download the Roadmap Report:
www.forestresiliencebond.com

Learn more about Blue Forest Conservation:
www.blueforestconservation.com

Learn more about Encourage Capital:
www.encouragecap.com



Zach Knight
Co-Founder and Managing Partner
zach@blueforestconservation.com



Questions & Answers
• By phone: Dial #2 to enter the queue.

• On your computer: Type your question 
into the Q & A pod on the left side of 
your screen. 



Thank you for attending today’s webinar!

A recording of this session will be available shortly at the 
Climate Science Webinar Portal: 

http://www.climatewebinars.net/webinars/climate-megafires

©
 K

ar
en

 W
at

te
nm

ak
er


	Climate, Megafires, and Conservation Finance
	Presenters
	��Shifts in severe wildland fire weather conditions across the United States
	Roadmap
	Why do we care?
	What drives wildland fire regimes?
	Weather versus Climate
	Recent climatic changes across the United States and the World
	US Precipitation Changes
	Trends in wildland fire weather�
	Gridded Global Surface Weather Reanalyses
	Maximum temperature and minimum relative humidity changes
	Rain-free days and maximum windspeed
	Quantifying fire weather season length
	Calculating the Fire Danger Indices
	Nation-wide burned comparisons
	Relationships between fire weather season length and burned area across Western forests
	Changes in fire weather season length
	Global season length trend
	Significant trends in global ensemble fire weather season length
	Slide Number 21
	Slide Number 22
	Fire season severity is increasing across the US
	Fire weather conditions in the Southern Area fall 2016
	Fire weather season length anomalies for 2016
	Not all fire seasons occur during the summer
	Fire Return Interval for fall 2016 fire season
	Slide Number 28
	Wildland fire and the global carbon cycle
	Implications for the global carbon cycle
	US Wildland Fire Carbon Emissions �(1997-2016)
	Summary
	Publication
	Thank You
	Slide Number 35
	Introduction to the Forest Resilience Bond (FRB)� �Prepared for the US Forest ServiceIn
	Goals of the Forest Resilience Bond
	USFS: Rising Cost of Fire Suppression
	Utility Benefits of Forest Restoration
	 The Forest Resilience Bond Ecosystem
	Opportunity for Private Capital
	Connecting Investor Capital to Conservation
	Ecosystem Services of Forest Restoration
	Measurement and Evaluation
	Contracting with Utilities
	Contracting with USFS
	Financial Structuring
	Benefits of FRB for Investors
	Slide Number 49
	Timeline to Market
	Proposed Pilot Projects
	Additional Resources
	Slide Number 53
	Slide Number 54
	Slide Number 55

