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US Environmental Protection Agency -
Science to Achieve Results (EPA-STAR)

Theme of 2001 EPA call for proposals

o Assessing the Consequences of Interactions
between Human Activities and a Changing
Climate

Consequences for human health, ecosystems, social
well-being

Human activity as important stressor, and as adaptive
response to environmental stresses

Development of models for assessing effects
Interdisciplinary research initiatives
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‘ Fire-Climate-Society Model, Version 1

(FCS-1)

= Funded for 3 years,
Feb. 2001-July 2004
o Community and fire

management
orientations

= Produces fire risk maps

o Catalina-Rincon,
Huachuca, Chiricahua,
Jemez Mtns

= Provides information for
strategic planning

o Seasonal and longer
time frames
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Our Fundamental Research Questions

What are the climate and
human dimensions of
wildfire?

o How do these interact to

Influence fire probability and
risk to landscape values?

by



‘ Our Fundamental Research Questions

How can we represent
fire-climate-society
Interactions to assist
strategic planning for
wildland fire?

W




'WALTER TEAM

m  Co-Investigators

a

Barbara Morehouse - human
geography (PI)

Gary Christopherson - GIS,
archeology

Barron Orr — geospatial
analysis, anthropology

Jonathan Overpeck —
paleoclimatology, geosciences

Thomas Swetham — fire
ecology, dendrochronology

StephenYool — remote
sensing, GIS, geography

Also...Andrew Comrie —
applied climatology, geography

Team

Mike Crimmins, Susan Taunton
Jodi Perin, Peter Johnson,

Sara Jensen, Merrick Richmond,
Michael Haseltine, Anne Thwaites,
Wolfgang Grunberg,

Heather Severson, Noah Lerman,
Rachel Miller, Carolina deRosas,
Amanda Cockerham, Jay Miller,
Pamela Holt, Miguel Villarreal,
William Wright, Sean Oates,

Katherine Miskell, Calvin Farris, Derek
Honeyman
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‘ Characteristics of Model

Tallored to study sites

Integrates climate

o Cues vegetation moisture
conditions

Includes fire history

o Fire return interval departure
Includes societal values

o Data bases

o Map interviews

Requires user input to weight
model components

o Analytic Hierarchy Process
(AHP)

Features sophisticated web
delivery

W




‘Web-based Delivery: WALTER

= Hosts FCS-1

= Provides additional
Information and tools

= Architecture built to
accommodate future
product development
and delivery

http://walter.arizona.edu
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Address hitp:/fwalter. arizona.edujindesx. asp ﬂ G0

bt Wildfire Alt tives (WALTER) iz an EPA Star Grant initiative that seeks to improve our

understanding of the conseguences of interactions between wildfire, climate and society
WALTER has set out to maximize advances in geospatial analytical, as well as web delivery
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An EPA STAR Grant Project ¢ THE LINIVERSITY OF ARIZONA,

technology to provide access to the underlying interdisciplinary research, the resulting model,
Climate and educational materials.

@Wha’:‘s New

Updated Model Design

Dynarmic Anirmation
Tool

Mark your

calendar!

February 18-19, 2003

o Arizona Firewise
Communities
Educator's
Waorkshop

April 5, 2003

o Arizona Firewise
Communities
Warkshop

October 16, 2003

» Arizona Firewise
Communities
Workshop

Send comments or questions
2001 Arizona Board of Regents, Last updated: 1/8/2003 4:25:40 PM

URL: hitp://walter arizona.edu/index.asp 2003

HOT SPOT: Arizona FIREWISE Communities
Workshop to be held in Payson, AZ Feb 18-19,
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Lecture Topics

= Overview of model

= Overview of individual
model components

= Overview of AHP
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Why This Kind of Modeling is Important

= Huge fuel load buildups

= Impacts of climate variability
and change

= Increasing human/wildland
interaction

= Changing land use patterns
= Escalating costs

= Escalating vulnerabilities i[
o Ecosystems I S , B
. . [ .IBEWQRK = A _I Rk -7‘“. e R i
o Fire fighters P S

o Community members
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‘ What Areas Does FCS-1 Cover?

= Catalina-Rincon
Mountains

o Tucson, Arizona
= Huachuca
Mountains

o Sierra Vista,
Arizona

= Chiricahua
Mountains
o Douglas, Arizona

= Jemez Mountains

o Los Alamos, New
Mexico




‘ FCS-1 Model Components




FCS-1 Features Weighted Variables:

1-km Resolution
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‘ Spatial Modeling: Fire-Climate-Society-1
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‘ Fire Return Interval Departure

Purpose:
To map an indication of the
magnitude of departure from
expected fire return interval

Source data
o Fire perimeters
o Vegetation coverages

o Arizona and New Mexico
GAP land tenure boundaries
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‘ Creating the Fire Return Interval

Departure Layer

1. Assign fire return intervals to
FCS-1 vegetation types.

2. Create coverage for “years
since fire” from fire perimeter
data.

. Combine (1) and (2).
. Calculate FRID: (Number of
years since last fire - Fire

Return Interval) / Fire Return
Interval

5. Clip data to boundaries of
Federal agencies

6. Classify FRID values using
qualitative groups.

W
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FCS-1 Fire Interval Return Departure Map
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Fire Return Interval Departure

checklist

Scale: The smallest of the various data sets used is
that from the GAP vegetation, 1:100,00

Accuracy: Fire return interval estimates for some
vegetation may not be very good due to lack of
Information. Range of years for which fire perimeters
are available vary by WALTER venue.

Time to create: 2 weeks
AHP appropriate: Yes
Metadata: Yes

by




Fire Return Interval Departure:
Concerns

Scale too coarse for project planning.

Uncertainty of fire return intervals for non-
forest coniferous vegetation types.

Fire perimeter data does not include all fires
o Commercial timber
o Recreation areas

by



‘ Fuel Moisture Hazard

] TG ™ &
¥ ke s At

Purpose:
To map fuel moisture

hazard relative to time

Source data:

1989-2003 Normalized
Difference Vegetation
Index (NDVI) time

series

o Advanced Very High RETR *. |
Resolution Radiometer | &
(AVHRR) NDVI from AVHRR — Arizona and New Mexico
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Creating the Fuel Moisture Hazard Layer

1. Rescale NDVI data to
0 to 200

7. Standardize NDVI
values into Z-scores

W




Fuel Moisture Hazard checklist

Scale: Pixel resolution is 1 km?2
Accuracy: /5%

Time to create: 1 week

AHP appropriate: Yes
Metadata: NoO

by




Fuel Moisture Hazard: Concerns

Field verification of the relationship between
NDVI and fuel moisture has not been
established.

Resolution of AVHRR data is not sufficient for
1 km?2 WALTER cell sizes

2 Should be at least 500m
o Possibly mitigated by spatial autocorrelation

by




‘ Spatial Modeling: Fire-Climate-Society-1




‘ Vegetation Type Hazard

Purpose:
Maps, using ordinal scale, hazard

G
o :

level of vegetation, based on 4
inherent fire occurrence within " N
each vegetation type ’{
Source data: \J{ v '
o GAP vegetation /| 7%
o Brown, Lowe and Pace , :LV’ gjﬁ Seay
vegetation o
o Ignition data AR

= Coronado National Forest

= National Park Service

= Fort Huachuca Army Base




‘ Creating the Vegetation Type Hazard
Layer

1. Remove duplicated fires

2. Convert data to a single
projection

3. Assign a vegetation type to
each fire ignition

4. Standardize total ignitions
for each vegetation class
Into a density, based on the
total amount of area in
each class




Vegetation Type Hazard checklist

Scale: 1:100,000
Accuracy: 50%

Time to create: 3 months
AHP appropriate: Yes
Metadata: No

by




Vegetation Type Hazard: Concerns

Assumes robust relationship between

Vegetation Type Hazard and ordinally-ranked
fire hazard.

Accuracy of the vegetation map

by



‘ Lightning Ignition Probability

Purpose:
Maps the probability of
a lightning-ignited fire
Data Source:
Lightning occurrence
data from 1989-1999
from the National
Lightning Detection

Network
(www.lightningstorm.com)




‘ Creating the Lightning Ignition
Probability Layer

1. Assign each lighting strike a
geographical coordinate and
a date

Convert the data to GIS
point coverage

Create a density of lighting
strikes / 100 ha / year

Convert this to an annual
density

Calculate the probability of
lightning strikes per 100ha
per year

6. Create categorical
probability by classifying the
continuous probabilities

a & D

W




Lightning Ignition Probability
checklist

Scale: Pixel resolution is 1 km?
Accuracy:. 75%

Time to create: 2 weeks

AHP appropriate: Yes
Metadata: No

by




Lightning Ignition Probability:

Concerns

Resolution of AVHRR data is not sufficient
for 1 km2 WALTER cell sizes

o Should be at least 500m

o Possibly mitigated by spatial autocorrelation

by



Human Factors of Fire Ignitions

Purpose:
Map the probability of human-

caused fires

Data sources:

Roads (US Forest Service)

Campgrounds/picnic areas
(USFS)

Urban areas (ALRIS)

Non-forested vegetation
layers (GAP)
Urban-Wildland Border
Complexity (ALRIS)

Other data were examined but
were found not to be important

C“:'an'yo'n\ I_'éke-,' Huachucas

/ﬁ - _.-“‘

“Firébug” at Parkef
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Creating the Human Factors of Fire Ignitions
Layer

1. Convert features of interest to
raster format

2. Calculate Euclidean distance | y
from those features 7

3. Capture the value of the
variables at the sites of
human-caused fires and at
random locations

Perform logistic regression

5. Use results of the regression
to create the sub-model




Human Factors of Fire Ignitions
checklist

Scale: 1 km polygon — base data is 1:100,000
(GAP), 1:24,000 (USFS & USGYS)

Accuracy: Meets federal standards, except for GAP
(questionable)

Time to create for all study areas: 1 week/study

aléa (does not include time required to collect and pre-process base
data layers)

AHP appropriate: Yes
Metadata: FGDC compliant

by




Human Factors of Fire Ignitions:

Concerns

Concerns about how GAP source data was
collected
Regression models are very powerful but

they are only models, can be
overemphasized

We don’t have all of the possible data — there
are a lot of variables that we can’t model

by




‘ Spatial Modeling: Fire-Climate-Society-1




Percetved Landscape Value

Purpose:
To assess human values
placed on landscape -

Data source:

= Base maps using data from
o USGS

ESRI

Arizona NBII

NPS

Arizona GAP (land
ownership)

= Map-based, in-person
Interviews by WALTER
researchers

Q
Q
Q
Q
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‘ Creating the Percetved Landscape
Value Layer

= Create field maps of the project
areas & questionnaire

= Conduct interviews (approximately
30 per study area)

= Digitize interview results
= Clean up the polygons

= Turn the polygons into grids
= Reclassify the grids to 1,0

= Add the grids together

= Normalizethegridto0 -1

= Resampledto 1km grid cells

W




Perceived Landscape Value Layers
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Perceived Landscape Value:
Aggregation of Interview Results
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Percetved Landscape Value Checklist

Scale: >=1:100,000 (base data)

Accuracy: Base data meets federal standards;
Interview data unknown

Time to create for all study areas: 4 months (does not
include time required to collect and pre-process base-map data layers)

AHP appropriate: Yes
Metadata: FGDC compliant

by




Percetved Landscape Value: Concerns

Sample was designed to be representative of
local populations, but was small and non-
random

Questions about accuracy of marking on
maps

Question of validity in using graphic
representations to elicit responses on
landscapes (Daniel and Meitner 2001 )

by



‘ Property Value

= Purpose: Determine
property values in
study areas

= Base data source:

= US Census Bureau
o TIGER block-level data

o SF 3 table of
population and
housing
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‘ Creating the Property Value Layer

= Join tabular housing
data to Census block-
level data

= Assign total housing
value proportionally,
based on area of
Intersection with the 1-
km project grid

S
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Property Value Checklist

Scale: 1:100,000
Accuracy: Meets federal standards
Time to create for all study areas: 1 week

(does not include time required to collect and pre-process base data layers)

AHP appropriate: Yes
Metadata: FGDC compliant

by




Property Value: Concerns

Only owner-occupied housing Is valued, so it
may not reflect value of non-residential
property very well



Recreation Value

Purpose:
To determine the importance of
recreation in each polygon cell

Base data source:

o USFS

= Campgrounds
Hiking trails
Roads
Picnic areas
Lakes
Historical sites
Visitor centers

National Visitor Use
Monitoring Results Table

o GAP Hunting areas

W




‘ Creating the Recreation Value Layer

= For each recreation type,
calculate the Euclidean
distance grids and visibility
surface grids from features of
interest

= Rescale gridsto0-1

= Add them together

= Resample to 1km grids
= Rescale datafrom 0 -1

= Multiply by the proportion of
visitors who participated in
particular activities

= Sum all recreation types to
create map layer




‘ Recreation Processing 2:

Total Recreation
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Recreation Value Checklist

Scale: 1:24,000
Accuracy: Meets federal standards

Time to create for all study areas: > 6

months (does not include time required to collect and pre-
process base data layers)

AHP appropriate: Yes
Metadata: FGDC compliant

by



Recreation Value:
Concerns

Uncertain that this is the best methodology
for calculating recreational usage

Uncertain that the proxies chosen really
represent the recreational activities of interest

May be some overlap between some of these
data and some of ‘personal value’ data

by




‘ Species Habitat Richness

Purpose:

Proxy for animal
species diversity

Base data source:

GAP habitat richness
models for:

Mammals

Amphibians

Reptiles

Birds

Q
Q
Q
Q




‘ Creating the Species Habitat Richness

Layer

= Download data from AZ/NM
GAP

= Clip project areas to be
used

= Sum the four animal types
= ScalethedataO, 1

= Resample data to fit the
1km raster

= Join the raster data to the
1km polygon grid

W




Species Habitat Richness checklist

Scale: 1 km polygon — base data is 1:100,000
Accuracy: Questionable but best that is available
Time to create for all study areas (approx.): 1 week

(does not include time required to collect and pre-process base data layers)
AHP appropriate: Yes
Metadata: FGDC compliant

by




Species Habitat Richness: Concerns

Concerns about how GAP source data was
collected

Concerns about whether habitat can be used
to model species diversity

Concerns about iIssues of scale

by



Using AHP to construct FCS-1

The Analytic Hierarchy Process (AHP) is a ... “decision
making process to help people set prlorltles and
make the best decision when both qualitative and
guantitative aspects of a decision need to be
considered.”

Complex decisions are reduced to a series of one-to-
one comparisons.

Results are then synthesized

AHP not only helps decision makers arrive at the best
decision, but also provides a clear rationale for
stating It Is the best. (www.expertchoice.com)

W



Using AHP to Construct FCS-1

To create output from the
model:

Make pairwise comparisons
between variables and

Human
uman/ Personal

between fire probability and fire Ignitions Landseane
risk submodels T MR Values
AHP assigns weights based on — = Valde
the comparisons Lightning ———
AHP multiplies the variables by e
their corresponding weights i Species
A linear combination of Vegetation

. . Type Hazard
weighted variables creates the
sub-models

A linear combination of sub-
models creates model

by




FCS 1 Model Formula

rr rwe |
egetation Human Fire ightnin r” Moisture |
+ + * lamiti %l | Hazard
azar gritien abili | "I. 1989 -2003 |
- — — ]
| ===

| ] FCS-1
|

Fire Hazard .: l
Legend: [ Siat MNarable | Model
slizliizl In L'lf / ﬁ.rIIEUtE / ] R:Sl.ﬁt 3 Analytical Hierarchical Process Weights
M%p ] M%p | : Map : used to weigh associated Map Input
Layer I" Layer II . lLayer : Layer or Model Component Group

FCS-1 also can “capture” your
knowledge, experience and expertise
relative to a// model inputs using AHP




‘ Variables in Expert Choice

ke Expert Choice  CADATAMHPYWSOCIETY -NATURAL.AHP  Merrick Richmond

File Edit Assessment Synthesize Sensitivity-Graphs Yiew Go Tools Help

& i BB |

Goal: Determininng Management Priority Areas
(=) Fire Probability
_4Human Factors of Fire Ignitions
@ Fuel Moisture Hazard
@ Lightning Ignition Probability
@ Fire Return Interval Departure (FRID)
@ Vegetation Type Hazard
- (=) Values at Risk
@ Personal Landscape Values
@ Recreation
@ Species Habitat Richness
@ Property Value

DL &4 &= L D 3 D redaw s A & | 6B | Merrick Richmaond

-

|

[nfarmation D ocument
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'How Pairwise Comparisons are Made

Variables have equal
importance (“weight”)

1% Expert Choice  CADATAMHPYSOCIETY -NATURAL.AHP  Gary Christopherson

J File Edit Assessment Inconsistency Go Tools Help

J 1 = E ) | % & | ﬁ| J" | e ﬂ Reorder Skructural adju%ee;e Judgments
¢ 31 | = F v | ER |

98 76 5432 234 5E7 818
Personal Landscape 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Values — Jl — Recreation

Compare the relative importance with respect to: Yalues at Risk

Personal L Hecreatiun|5pecies Hz||1'ru|1t:rt"|,|r Vi

Personal Landscape Values
Becreation

Species Habitat Richness
Property Yalue
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‘ How the Weighted Variables are
Displayed

ke Expert Choice

1

File Edit Assessment Synthesize Sensitivity-Graphs Yiew Go Tools Help

DEE & &M@ £ LD @ Dredaw g8 A & | @ Gary Christophersor =
& | s = T | va | EE |

CADATAYVHPYSOCIETY -NATURAL. AHP  Gary Christopherson

Goal: Determininng I'\-'Ianagemeﬁt Priority Areas
- Fire Probability (L: .750)
B Human Factors of Fire Ignitions (L: .163)
B Fuel Moisture Hazard (L: .157)
B Lightning Ignition Probability (L: .042)
I Fire Return Interval Departure (FRID) (L: .563)
B VYegetation Type Hazard (L: .075)
- Values at Risk (L: .250)
B Personal Landscape Values (L: .371)
B Recreation (L: .098)
B Species Habitat Richness (L: .052)
M Property Value (L: .480)

|

[nfarmation D ocument

W



Weighted Variables: Individual & Group

BT Expert Choice  C:\DATAWHPASOCIETY -NATURAL.AHP  Steve Yool M=E3

File Edit Assessment Synthesize Sensitivity-Graphs Wiew Go Tools Help

DEEd & & LD I Qredaw g A a7 @ | Steve Vool i 1V
e e Individual
1 ! ﬂ
Goal: Determininng Management Priority Areas
- Fire Probability (L: .333)
B Human Factors of Fire Ignitions (L: .167)
H Fuel Moisture Hazard (L: .345)
M Lightning Ignition Probability (L: .226)
B Fire Return Interval Departure (FRID) (L: .056)

@Expert Choice  C:ADATAMHPASOCIETY -MATURAL.AHP  Combined

File Edit Assessment Synthesize Sensitivity-Graphs Wiew Go Tools Help

Dl Jd &S & LD @ Yredaw g5 A &7 | @ | Combined -

: A = = -Fi
B VYegetation Type Hazard (L: .207) LBERL L e (B ,

- | Values at Risk (L: .667) ! A

Bl Personal Landscape Values (L: .307) Goal: Determininng Management Priority Areas

H Recreation (L: .175) - W Fire Probability (L: .567)

I Species Habitat Richness (L: .135) B Human Factors of Fire Ignitions (L: .139)

H Property Value (L: .383) B Fuel Moisture Hazard (L: .302)
B Lightning Ignition Probability (L: .154)
B Fire Return Interval Departure (FRID) (L: .245)
B Vegetation Type Hazard (L: .161)

--H Values at Risk (L: .433) B
M Personal Landscape Values (L: .239)
B Recreation (L: .233)
B Species Habitat Richness (L: .368)
M Property Value (L: .160)

Information Document

W




AHP Math = Matrix Mathematics

1.000

0.500

3.000

2.000

1.000

4.000

0.333

0.250

1.000

3.000

1.750

8.000

5.333

3.000

14.000

1.167

0.667

3.000

Original matrix

Squared (matrix algebra)

by



More Matrix Mathematics

3.000 [1.750 [8.000
= 12.750
5.333 |3.000 [14.000 | _ Row
= 22.333
Totals
1.167 [0.667 |3.000 | _ ,gaq
39.9165
12.750/39.9165 = 0.3194
Priorities

22.333/39.9165 = 0.5595
4.833/39.9165 = 0.1211 (eigenvector)

W



How Results are Obtained

Repeat this process until the differences in
the priorities are zero, to the ten-thousandths
position

by



Fire Probability and Values at Risk Sub-
Model Results
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‘ Combined FCS-1 Model Result

= The combined model
Includes weighted
values from both the
fire probability and
values at risk models

= In this particular case,
the values at risk sub-
model was weighted
higher than the fire
probability sub-model




Z} WALTER - wildfire Alternatives Home - Microsoft Internet Explorer

J File Edit Wiew

Favarites

Tools  Help

J ¢aBack ~ = - () ot | {Qhsearch [GefFavorites EfMedia % | Ey S A -

J Address I@ http: fiwalter . arizona . eduf j 6>Go
\;AV Exploring Wildfire Alternatives
| Owverview | '
Wildfire Alternatives (WALTER) is an hat's News
| Fire | EF& Star Grant initiative that seeks to
irmprowve our understanding of the Wildfire-Climate
| Climats | consequences of interactions between Regression Tool
wildfire, climate and society. WALTER
| Society | has set out to maximize advances in
geospatial, analytical, as well as web
| Tools | delivery techn_ology to prn\_flde ACCESE
to the underlying interdisciplinary
| Search | research, the resulting model, and

Qoo AL

Site Status:

Several major additions to
the weh site.

“iewy site log for all
changes

educational materials.

iy

E WALTER Fire Hazard Mapping

Tgetian Frababty

Catalina/Rincons | Chiricahuas | Huachucas | Jemez

The mode! will produce fire Hsk maps for
these four specific areas.

Wildfire and climate managers, as well as
researchers, acknowledge the power of
mechanistic spatial models for tactical
ranagernent, but have expressed a need for
planning tools that would integrate the climate
and human dimensians of wildfire behavior for
strategic management. In response to this
demand, the WALTER team is deweloping the
first phase of an integrated model called Fire-

Climate-Society (FCS-1).

An EPA STAR Grant Project @ THE LINIVERSITY OF ARIZONA ,

Policies that Affect
Wiildfire Management

Fire History Maps

Mark your

calendar!

March 3-4, 2004

o WWildland Fire 2004
Conference

April 23-24, 2004

& Colorado Mitigation
& il dfire
Conference

August 12-15, 2004

e Fire-Rescue
International 2004

Send comments or questions

2001 Arizona Board of Regents. Last updated: /772003 1:34:47 PM

URL: httpiifwalter.arizona.edusindex.asp

WALTER Home

check it out...

HOT SPOT: Have you seen this page?
| The National Environmental Policy Act of 1969




Fuel Moisture Hazard Climate Scenario Chooser

There are three different ways to select the desired climate scenario:

Option 1:
Year

2002 | Subrmit |

Each year in this list {1989-2003) returns the

Fuel Moisture Hazard, based an temperature

and precipitation, of the Aprl through June fire
season of that year.

Option 2:
Temperature of
Fire Season

Far Ahove Awvg j

First, choose a temperature
level for a hypothetical fire
season.

Precipitation Antecedent to
Fire Season

Far Below Avg | Smeitl

mecond, choose a precipitation
level for a hypothetical season just
prior ta the fire season.




Option 3:
Select Fuel Moisture Hazard from among these historical fire seasons.

far below belowy above far above
AvErane
avErage avErage average average
1959
1996 1530 f 4]
1994 2003 | A EReE
2000 SO0 average
2002
1992 above
11 1993 AvErage
Temperature
of Current
Fire Season 1999 averae
belawny
AVErane
1991 S
1995 ar belowy
AvErane
1993

oL — (i

Precipitation of Season Antecedent to Fire Season




Ed Microsoft Excel - FireSeas _ ||:||5|
File  Edit “iew Insert Format Tools Data  Window  Help Type a question for help = o @ X

Dl SaY L BE@E-<F|o-oc- @ = -2 2] | jl 4 00 -3,
3 3 %8 A S B Bl =) | W Reply with Changes... End Review... _

Ariel 10 - B 7 U SEE=EEH S %, W% SR -
Jg - b3

A | B I C | b | E | F | G iy
1 =
2 SEAS YR Sort Date | AMJ Ternp Anormaly | Quintile | DJFME1Y Precip Anarm | Quintile | Quintile codes
3 |AN-1259 01-Jun-1932 3.274 5 5-1
4| AhdJ-1950 01-Jun-1930 274 5 - 4050 2 52
5 |Ak-1991 01-Jun-1991 -1.526 1 B335 5 1-5
B |AhJ-1952 01-Jun-1932 1.274 4 1.0135 5 45
7| Ah-1953 01-Jun-1933 1.707 4 1.6835 5 45
8 |AlJ-19594 01-Jun-1934 2641 5 -3940 2 -
9 | A-1995 01-Jun-1925 -1.926 1 7985 5 1-5
10 /AM.-1995 01-Jun- 1995 4,007 5 |NNECTER |
11 [AMJ-1997 01-Jun-1997 1.407 4 - 4455 -
12 [AMJ-1995 01-Jun-1925 -2.193 1 9310 5
13 [AMJ-1503 01-Jun-1939 007 3
14 [AMJ-2000 01-Jun-2000 4,474 5
15 [AMJ-2001 01-Jun-2001 2841 5
16 [AhJ-2002 01-Jun-2002 4 3405ER6E7 5
17 [ AMJ-2003 01-Jun-2003 1.5733151 5 0. 17507605
| 18 |
19
20 ONLY AM.J
| 21| ppt
22 |guintile N Range Minirnurn | Maxirmum Mean Std. Deviation
_ 20 014 033533 -0.195333333 -0.237168  0.042058413
24 2 21 0.093333333 0152 0095666657 -0.141045 0.030455504
25 3 21 0.116666667 | -0.02533 0.021333333| -0.043746 0.036751705
25 21 0.153333333 | 0.031333 0.1845566E7 | 0.1025032 0.04492557
e 5 21 0.35 0.204667 0.554666667 | 0.3545264 0122757555
| 25 |
| 29 | tmp
30 [guintile M Range Minimurm | Maximum hlean Std. Deviation
31 1 20 22 3726 -1.526| -2.417667 0.690511645
32 2 24 08 -1.49257 0. BHREREEY | -1.021455 0257027257
33 3 20 1.2 0.55553 0. 640666667 | 0.0156667 0.335235799
34 4 21 1.166666667 | 0.707333 1874 1.258127 0.331598661
35 5 21 2533333333 1940657 4,474 2 H7BTETD 0.803528057
|1361 » H[\Sheetl |4] | |

Ready A




Using FCS-1 (Examples of Potential Uses)

Check climate outlooks
Run model

Use outputs for seasonal and long-range planning
o Managers
Budgeting
Allocation of resources
Decisions about forest treatment strategies (where, when, how)
0 Prescribed burns
0 Thinning
Public awareness campaigns
o Public
Cleaning up around homes and other structures
Planning development and construction activities
Anticipating impacts on businesses and livelihoods



Future Research & Development

Determine best ways to adapt the model to
other areas

Transition to MODIS data

Make model dynamical

o Allow interactive updating of data
o Integrate fire-climate forecasts

o Add vegetation modeling function

Continue developing WALTER web site

o Add map-drawing exercise to Website
o Add AHP to Website
o Continue adding information & tools



Future Research & Development

Improve understanding of how this model is
adopted and used
o By whom, when, where, for what purposes

Improve understanding of how (and if) the
use of this model changes decisions and
policies

Improve basic scientific knowledge

o Fire history, fuels assessment, climatology,
vegetation dynamics, human factors



Background Information
for the US Southwes
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Physical Geography of Southwest

 a
e Physical “}
)
geography N ) o1
— Semi-arid to '
arid climate ’ T3 AR J/‘ﬁhlbl.lql.ha—:-n
— Mountains, J - -
plateaus,
basins,

deserts




Population of Southwest

 Demography
— Relatively sparsely populated

— Large population concentrations in a relatively
few large cities

— Retirement destination (“snowbirds™)
— Large migrant population from Latin America
— Native American population



Economy

Services
» Health, retail, tourism, recreation, etc.

Military and related activities
« Military bases, national laboratories

High technology firms

 Information technology, biotechnology, optical science, etc.

Primary sector activities
« Agriculture, mining

Some manufacturing



Implications for Forests

and Forest Fire Management

Large number of homes being built in forests
— Expanding wildland-urban interface

Heavy recreational use of forests
— Summer: escape heat
— Winter: skiing
— Other: hunting, fishing, etc.
« Native Americans: religious uses, gathering plants

Conflicts between ranching and other land uses

High in-migration rates = little knowledge or
understanding of forests and fire dynamics in the
region



Climate of US Southwest

e Arid to semi-arid

 Two wet seasons per year
— Winter (widespread frontal systems)

— Summer (North American monsoon and
tropical storms)

 Two dry seasons per year
— Spring (largest fire season)

— Fall (in dry years, may have secondary fire
season)



Length of Data Records

e Climate
— 100 years (Instrumental record)

— 1,000+ years (tree-ring records, other paleo
records)

e Soclety
— ~300 years of written history
—~100-150 years of data



Annual Precipitation
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Annual Temperature

Temperature varies
with elevation
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Basic Climate Charactgrfstfcs

Precipitation
Annual Means

Monthly Scale

primary maximum
in summer ~ 50%
of total

secondary
maximum in
winter ~30%

Map legend:
Mean Annual Temp.

Monthly Precipitation (3™ scale)
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Atmospheric Controls on Climate
Subtropical high-pressure ridge

— low precipitation, clear skies, warm weather
Topography

— Induces spatial variation
Proximity to moist ~

alr mass sources
— (ulf of California, 3=

Gulf of Mexico,
Eastern Pacific Ocean

Aridity
— Hightemperatures &
rates of 25

evapotranspiration
— Rainshadow effects

of mountain ranges

it

[~

L




Winter Storm Tracks

Typical= 700 mb jet,
N of the Southwest.

Dry winters=

Typical flow to N,

or zonal.

Enhanced during La

Nifia.

Vet winters=
Meridional

(PNA)
pattern

Southwestern
Troughing

(ridge/troughfridge)

El Nifio can lead to
or Split flow



El Nino and La Nina

- : _Im - * B
* El Nino and La Nina are - ;ﬁ;ﬂe EINino happens:
. e are wanrim occan
changes in Ocean Temperatures | ek temperatures in the oval it
along Equator, near Peru - is El Nino. If the waters

*Warmer than usual ocean 7o 155 18 10w 1zom sow e are cold, it’s La Nina.
temperatures indicate El Nino. Do you remember any recent winters that were dry or wet?
Check and see if they were El Nino or La Nina:

whereas colder indicates La Nina Pt El Nine whaters shge 10801

* It occurs every 2-35 years or so. 1957-59, 63-64, 65-66, 68-70, 72-73, 82-83, 86-87, fi[l-—*}ﬂ
Scientists are getting better at Past La Nina winters since 1950:
pre{iicting i'[ |M‘J-5] 5 54‘-51 M'ﬁj ?U“ ?2, 13‘“’}, H]"Hj EH‘HH. q'i-ﬁlﬁ. 1':”5":".:|
Notice how some events (especially La Nina events)
can last for more than one year, 98-00

El Ming events have been happening for several thousand vears and are a natural part of the sarth’s system. However, for many vears, El Mino
was not well understood or monitored. Now, with satellites, buovs, and high power computer simulations of the atmosphere and ocean. we are
able to make predictions of El Nino that could not have been made 10 o 15 vears ago,

Which forecasis are reliable? Curremly, forecasts for El Nine are very good about & months in advance. So, 0f vou would ke w know whether
it will be El Mine or not in the upcoming winter, you can place high confidence in the forecasts produced the summer before, Forecasis are
produced out 1o two viears, and, while there iz currently zome skill that far in advance. den’t take them oo seriously. For example, the corrent
forecast predicts that La Nina will confinue through the winter 1999-2000 and it will switch back 1o El Mino sometime duning the summer of
20040, 1 believe the forecast for this winter, but am taking a “want and see’ attitude towards next winter. Also, while other parts of the ocean can
affect climate (e.g. the Adlantic or the Morth Pacific), forecasts for these regions are cumrently relatively pnmitive,

Some web sites about EI Nino: http://www wrcc.dri.edu/enso/
http://www.wrh.noaa.gov/wrhgq/EL-LA/el-la.html



ENSO Dry vs. Wet Year Patterns

ElNino & Arizona Precipitation

+E1 Nino winters may be very wet.

Arizana statewide Ogtaber thru March Precipitation . .
verrzne oy lm o od=xhe o vdne R el 'VEI'}' Wet Wlllt(‘:l's are tj"plca]lj’ El

1;33:33 feat g Nino winters, but not always...
[ ] 1 -
B . 9087

S *La Nina winters are reliably dry,
- ' =- 044 and almost never wet.

L Atleft ¥ aplot companng Arieoma statewride winker
= precipitation duning El Mino (left), “FonMing™ (noddle)
[ and La Mina (right] vears . Soathem Oseillation Indes: (5010
‘e | oo oy g &5 ameane of the strength of the F Mino/La Mina event
* (50 very s trong Bl Mino events are b the far left).
S "'"_" "'""_" Y P AU S El Mino implies wet conditiors, whereas La Hma onplies
= - - drler condibors . Wiile the kftside of the plot may look
s ' % . dramatic, keep in nurd thatthe second stronzest El Hino
. . R R ra———— event had rear averaze precipitation in Aneoma, whemweas
F o= ) one of the wettest years on weomd was “Non-Ming”. What 15
z% 4 moe Dterestmg 1s the nght half of the plot there have been
nowret La Mina wirders in diteona siee [ at least) 1953
, o St E Soave park of Tavapad coumtywree wet mmwrnter 1 97578,
H1FFUE L ey A - WA butduring 1973-77 (an extended La Hira), nuach of the

- 1395 Soflrarest expenienced prolonged dwonaght.

Oct-Mar Rainfall

Center - Marsh 1resl plkatlon ceontmeters, 1 oo o= 009 Inchi

=53 =0 =i =0 =] -1

Precipitation in your region: Shown o the hottom left is atsble ofwhat wintess have
beenwetmonmal'dyy at Walmit Creek, AZ (soath of

Walmit creel, AF (15950-28) : : : h 2
Sept-March F sinfall Ellim | reither LaMNina Seligman). Theupper left box shows that 1 out of the past
- e 16 La Nina years hasheenwet (10w than 105 mekes,
Fyrs wi= 105 mohes wed) | 10 5 1(in 157 wheteas mthe loarer nzht, 2 of the last 16E] Hino vears
b etareen (normeal) 4 7 5 have been dyy (ks than 7 imche ). Tlis 1s typical of ofier
Hyrsard = T inches (dry) 2 4 11 lozations amund & risoms and gives us confidence in
forecastng adryanmter.




Summer Climate Features

North American Monhsoon

Seasonal change in wind direction.
Seasonal rains: July through early September in SW.

Sources: Gulfs of California and Mexico, eastem Pacific Ocean.
Part of larger circulation pattern over Mexican highlands.



Summer Monsoon Pattern for
Southwest

Developed with criteria of minimum relative

e dY humidity consistently staying above 20% five
‘:}';f‘ or more days per week. Date represents the
:.,,,, median end of the first week these criteria are e i g b Al
— iy 15 met.
—3 SZES.|
— gt
S
Wildland Fire

Predictive Services

http://www.fs.fed.us/r3/fire/swapredictive/swaoutlooks/archive
d/map_swa_monsoon.jpg



Climate Change Over [ime

Instrumental record
Extends back ~100 years.

Paleoclimatology
SV record extends back in time for 1000 years or more.
Dendrochronology: the study of tree-ring variation.

Palmer Drought Severity Index (PDSI):

Single variable derived from variation in precipitation and
temperature.
For SW, June-August PDSI strongly represents precipitation and,

to a lesser extent, temperature of the year prior to the growing
season.



Short-Term Moisture Variability

Frequent dry and
wet periods (>10
each) in

record.

Vary widely in

Intensity and timing.

1950s (sustained)
drought among
worst in last 1000
years.

Wet periods: 1726,
1793, 1839, 1868,
1907,

(Greatest annual
wet-dry switch
1747-1748.

Raronstmusted POSI

Rasanstructed PDSI
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[ ong-Term Moisture Variability

20 year early
1900s wet period
exceeded only in
early 1600s.

Longest drought
of millennium in
1500s.

~80 year pattern
of vanation,
altemating below
to above average
PDSI (Gleissberg
solar cycle?)

Recanstructed PD3I

Reconstructed PDEI
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Temperature Variability

T anomaly (")

] 1651 155 1881 1834
05+ m ﬂ L‘ - 71
m AW Mgt i,
0+ : - GY
N A
05 - + 67
1835 1865 1985
—.1 I I I I I I I I I I1?|5I I I I I I I I I I I I I | I I I I I I I 65

1600 1650 1700 1790 1800 1850 1900 1920 2000

Actual T (°F)

Recent temperatures unprecedented in last 400 years.

~20 year vanability: warm mid-1600s & 1930s, cold 1907 & 1600.
~80 year pattern weak 1700-1900 (as for precipitation).

Extremes are recent and short-term temporal variability
also varies:

warm in 1865, 1881, 1934, equaled around 1651.

cool in 1725, 1835, 1866 and 1965.




Fire History from Tree-Ring Records
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Climate and Fire Forecasting
In the United States




National Interagency Fire Center
(NIFC)

e Coordinates all wildland fire operations in
the United States
— US Forest Service
— Bureau of Land Management
— National Park Service

 Headguartered in Boise, Idaho

* Funds fire research through Joint Fire
Science Program



National Interagency Fire Center
(NIFC) Management Regions

Geographic Areas

http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf



National Interagency
Coordination Center (NICC) —
Predictive Services
Unit

Climate and Meteorological Services
for Fire Management



Seasonal Wildland Fire Qutlook
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http://www.nifc.gov/news/intell _predserv_forms/feb 2004.pdf




Temperature
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U.S. Drought Monitor Fenary 22004
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Mar - May 2003 Mountain Snowpack

as of April 1, 200%
Mational Climatic Dala Center’ NESDIS/NOAA Lagerd

pom—

LI
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Precipitation v
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09 = Waitest

| . /. . - e m————

Jun - Aug 2003 Jun - Aug 2003

Hatioral Climatic Data Center/NESDIS/HOAA

Hafional Climatic Data Center’NESDIS/NOAA

http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf



Southwest Area ERC Curve 2003
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Areas with Bark-Beetle-Caused Pirion and Ponderosa Pine Mortality
Anzona and New Mexico, 2003

Il Fifion Affected
Thein L i BB clind%y Sadbdimd Sod B Dasid of b i) deledios sofe
e wheick] only Be sl a8 @ Jesera| redeaty oF neiderca. Ths fap
F"Cll'ldEI'DE-E AHEGtEd resiemants e morta Ry el Sea coouied siece e pravioos sufveya in
o M . 2002 Durieg B0, EiCrm Rorvi mere CONSUCEE N pilos-usiper
Na.lnnal FDI-E'E" LEI'IdS N wotdiodn Dapandeg upcs T B0 of suceeg, Be acbe el of ek
. Lantks Gl by 0 scire ase reay 0l e Deen deleched ity of
Tribal Lands W v e B vartabin, Wess nolall Bees =05 o i pped e d i doed
- Cauios Skl b L2 n nssmlsg e el dus & He ussie
. natore of wekal skt mapsaeg aed e wsa of fapsing Areas o
[ state Boundary : o 50 100 Miles e e o o St Pt ot
e Inte te [ NN NN E— [ p———
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Fire In the US

Cumulative and for 2003



NICC Book of Records

CATEGORY YEAR AMOUNT 2003 STATS
WILDLAND FIRES 1996 96,363 63,269
WILDLAND ACRES BURNED 2000 7,383,493 3,959,223
WILDLAND FIRE USE FIRES 2002 1,611 342
WILDLAND FIRE USE ACRES BURNED 2003 330,933

Average Worst Summary

Quick analysis of the past ten years of data and averaging the data from extremely active years,
an average worst was developed. Using data from the years 1994, 1996, 2000 and 2002 the
National Interagency Coordination Center could expect as an average:

e« 85,000 - Fires to be reported.

e 65,177,000 - Acres burned.



U.S. Large Fires, January 1 - December 31, 2003
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Wildland Fires — Number of Fires

Annual Number of Fires Nationally (as reported to NICC)
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Average worst determined by averaging data from 1994, 1996 2000 and 2001

http://www.nifc.gov/news/2003 _statssumm/incident_support.pdf



Percent of National Fires by Geographic Area
2003
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http://www.nifc.gov/news/2003_statssumm/incident_support.pdf




Wildland Fires - Acres

Annual Number of Acres Nationally (as reported to NICC)
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Average worst determined by averaging data from 1994, 1996, 2000 and 2001

http://www.nifc.gov/news/2003 _statssumm/incident_support.pdf




Percent of National Acres by Geographic Area
2003
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Lightning Fires - Percent Nationally by Geographic
Area
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Human Fires - Percent Nationally by Geographic

Area
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Mumiber of large Fires

Large Fires 2003 by Month
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Large Fires 2003 by Geographic Area
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Annual Number of Prescribed Fire Projects
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http://www.nifc.gov/news/2003_statssumm/intro_summary.pdf




Annual Number of Rx Projects
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MNational reporting of Wildland Fire Use fires and acres began in 1998.

Wildland Fire Use Fires 2003
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