Beyond Mapping Il

Topic 29: spatial Modeling in Natural
Resources

Map Analysis book with
companion CD-ROM for
hands-on exercises
and further reading

Harvesting an Understanding of GIS Modeling 8 describes a prototype model for assessing off-
road access to forest areas

Extending For est & discussesad multiplcatsve weighting method for model
extension

A Twelve-step Program for Recovery from Flaky Forest Formulations 8 describes a spatial
model for identifying Landings and Timbersheds

E911 for the Backcountry d describes development of an on- and off-road travel-time surface
for emergency response

Extending Emergency Response Beyond the Lines & discusses basic model processing and
modifications for additional considerations

Comparing Emergency Response Alternatives 8 describes comparison procedures and route
evaluation techniques

Putting GIS Modeling Concepts in Their Place 8 develops a typology of GIS modeling types
and characteristics

Note The processing and figures discussed in this topic were derivedMajp@alc™ software. Semww.innovativegis.coro
downloada free MapCalc Learner version with tutorial materials for classroom anedesalfiing map analysis concepts and
procedures.

<Click here> right-click to download a printefriendly version of this topic (.pdf).
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Harvesting an Understanding of GIS
Modeling

(GeoWorld, April 2010)
(return to top of Topi¢

Vast regions of the Rockyountains are under attack by mountain pine beetles and a blanket of
brown is covering many of the hillsides. Dead and dying trees stretch to the horizon. In five
years there will be just sticks poking up and within twenty years the forest floor viillikeoa
game obphAiptckkso with a new forest poking
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ltéds an ecological c¢cycle, but it is both aggr
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play in the shadows of the mountains. Is there something we can do to contain tharspread
hasten the regenerative cycle? One suggestion is to remove the dead wood to speed forest health
and convert it to useful products to boot.

This appears attractive but just knowing there are-tiga of beetlggnawed biomass awaiting
iwo oidl iuzati ono solutions
and how much harvesting is appropriate?
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acti one

These two basic questions captured the attention of combined graduate project teams at the
University of [DMBnAwe rt.e a mA ffoccaupssetdo noen
geographic cons
describing and evaluating potential solutions provided an opportunity to get their heads around a

model ingo team focused

complexissue requiring integration of spatial and repatial analysis, both at a macro state

on

t he

t he

busi ne

wide level and a micro local level. The experience also provides a springboard for a short

Beyond Mapping series on GIS modeling (scar tissue and all).

Roads Forests

A (

Ownership Sensitive Areas

...then characterized by Relative
Access considering intervening
terrain factors of steepness and
stream buffers, plus human factors
of housing density and visual
exposure fo roads and houses.
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Figure 1. Relative harvesting access is determined by availability of forest lands as modified by

intervening conditions.

Our outside collaborators (a npnofit organization and a large energy company) narrowed the

investigation to biomass for augmentation of Haseél electric energy generatiriirst lesson,

al ways heed t h&hisassumption narsows thee imacro emgiderations as haul
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distances from a plant are critical. Considering mountainoud,ttaféering to a simple
geographic distance is insufficient and tratiele zones were recommendedecond lesson,
clients love the omnoad travettime concept

The concept of modeling efbad access, on the other hand, is a bit harder to appretiaies

decided that aofomomrcaeptl eprredt ditpypeofmodel 0 for asc
be developed. Figure 1 depicts the map variables and basic approach taken for a hypothetical
demonstration aréathird lessonnever use real data for grototype model if you want clients to
concentrate on model logic
The first phase of the basic model determiyesilability of lands for harvesting activity. Legal
concerns, such as ownership, stream buffers and sensitive areas must be idedhtified an
unavailable lands removed from further consideration. In addition, physical conditions can
become fiabsolute barriers, o0 such as steep sl o
second phase characterizes the relgiimeessof available lands bgonsidering intervening
conditions as frelative barriers, o0 such as in
harvesting.
Forest Access Model (Basic) Bl = e o = e
A map of Sfope is usedto Forests \Rad Slope_impedence:
establish relative and absolute [r— = f—
barriers for operating mechanized = omeeon =1 overoaa
harvesting equipment. ‘
Maps of Ownership, Water, and . AL
Sensitive Areas are used to £ Lo Unaiitie 531 [ st e
establish additional absolute Unavallable Stream_buffer Protected
barriers based on legal
constraints. B B B
Maps/reports of accessible wood
volumes can be summarized by
Watersheds.
Critical " Map Variables" determining Accessible Forests locations
Slope ‘E_ Slope | Processing Flowchart
i tmoedance for Basic Forest Access Model
0 %7 Una::i(llghle | | Forests | .
< 2 Discrete B Relative :
: St fre
=y B g 7 Pr:\i::‘lﬁrity % SEH;;:‘: I Cost ‘ i
“ Surface Renumber :L
e | ] e | e
% Accessible
) [stetey
Figure 2. Flowchart of the basic model involves four base maps and ten processing commands.
It i s i mporttanvenothtopidopese of a Prototype
demonstrating a viable approach and stimulating discusdmurth lessonfi k e iesimple
stupid (KI'SS)o to | ock a cl i Amidipated refireoemts on mo
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Sshould be reserved for a nNFurther Consider atii
prototype model.

If model refinement accompaniespioty pe devel opment, therBat i snodt
that is the bane of a fAwaterfall approacho to
off the edge at the onset; whereas calmly walking into the pool with your client engages and

involveste m, as wel | as bounds a manageabl e first
with a client, notatogl o wn Gl Sdéer s ol WFifthlessod therd is aseettsgote b o x .
along a clientds percepti on ofana omoadel bforxon fa

Figure 2 contains a flowchart of model logic for the basic Availability/Access prototype model.
Only four base maps and ten commands are involved in a demonstrative first cut. A Slope map
is used to derive slope impedamngeere ranges of steepness are assigned 1 (most preferred)=0
10%, 2= 1620%, 4= 2030% 7 (seven times less preferred)=4836 and 0 (unavailable)=

>40%. The other maps of Ownership, Water and Sensitive Areas are used to derive binary maps
where 1= availdle and 0= unavailable lands. The final step calculates the acreage of accessible
forests within each watershed.

The four calibrated maps are multiplied for a Discrete Cost Surface that contains a zero for

unavailable lands (any O in the map stack semdst | ocati on to 0) and t he
valuesodo based on terrain steepness are preser
retains that value). I n turn, this map is us
Cost 0 aphparto ancihl | be discussed in next month©os

considerations (see Authordéds note).

Accessible Forests by Effective Proximity

40 Reach

120 Reach

Simulation of different
“reach scenarios”
provides information
on variations in wood
supply from reaching
deeper into the forest
at increasingly higher
access costs.

& Not Forested Net Available

1000 2000t Road Clos¢ —————————————————>Far

~

Figure 3. Differente f ect i ve Areachesodo into the accessible f
varying budget sensitivities.

From the online book Beyond Mapping Il by Joseph K. Berry posted at www.innovativegis.com/basis/MapAnalysis/
All rights reserved. Permission to copy for educational use is granted.

Page 4


Topic29_files/image007.png

Figure 3 provides an early peek at some of the output generated by the basic Forest Access
model. The left inset shows the relative accefisegafor all of the available forested areas with
warmer tones indicating a long harvesting reach into the woods; light grey, unavailable and dark

grey,nonf or est ed. A user can conjure up differen
asameanso understand the spatial relationships f
fruit (éerr, |l mean wood)o that is easily acc

plunges deeper into the woods at increasingly higher access costs.

Also, consideration of human concerns, such as housing density and visual exposure, might

affect a practical assessment of the access reach. Finally, locating suitable staging areas (termed
ALandingso) for wood col | eardstheysave erntedhe del i n
ATi mber shedso) provide even more fodder for n

Aut hor 6BoMNoa edi sCallssuloant iomg AEf f ect i v see hé anlin@bhoaBeyora Mabpir@onnect i vi
Il , Topic 25, posted avww.innovativegis.com/basis/MapAnalysis/

Extending Forest Harves

(GeoWorld, May 2010)
(return to top of Topi¢

The previous section described a basic spatial model for determining relative harvesting

availability and accessibility of beetlélled forests for harvesting. The prototype model was

devel oped by fAicapstone MBAO andnivarstydDemerdel i ng
A nonprofit organization and a large energy company served as outside collaborators and

narrowed the focus to the extraction of biomass for-bzes® electrical energy generation.

Statewide analysis involving omoad travel wasposed for assessing hauling distances of
wood chips to power plants where the resource would be further refined and mixed with coal.
Adjusting for mountainous travel along the road network, some Habkthgeas simply are too

far from a plant for conderation.

Local level analysis involving offoad harvesting is considerably more complex. In summary,

this processing determines the relative accessibility from the landings into the forest considering
a variety of terrain, ownership and environnagbnsiderations. Adjusting for efbad access,

some beetlill areas are unavailable or effectively too far from roads for harvesting.

The Basic Access Model outlined in the top portion of figure 1 demonstrates the types of factors
that can be comdered in assessing efbad access. The processing first identifiesolute

barriersto harvesting based on ownership, environmentally sensitive areas, water buffers and
terrain that is too steep for equipment to operate. These factors are reprasdmedy map

layers with 1= available and 0= unavailable for harvesting activity.
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Relative barrierdo forest access are rated from 1= most preferred to 9= least preferred. In the
prototype model, slopes within the harvesting equipment operating asmgesed to demonstrate
relative barriers with increasingly steeper slopes becoming less and less desirable. Multiplying
the stack of map layers identifying absolute and relative barriers results in an overall preference

surface for harvesting with valsérom 0 (nego), to 1 (best) through 9 (worst). The final step

uses griebasedeffective distanceechniques to determine the relative accessibility of available

forested

areas from

roads

(see

aut hor 6s

not e)

As an extension to the basic model, huroancerns for minimizing visual exposure and housing

density are outlined in the lower portion of figure 1. The procedure first derives a visual

exposure density surface identifying the number of times each location is seen from houses and

roads and thenatibrates the exposure from .5 (low exposure) through 1.0 (high exposure).

Similarly, a housing density surface identifying the number of houses within a half mile radius

was calibrated from .5 (low density) to 1.0 (high density). The two adjusted neaggcaiaged

for an overall weighting factor for each map location.

Basic Access Model (Physical and Legal concems)
Forests
Ownership Unavailable ) 0= not forested
Ownerships = 0 Discrete 1= forested
Sensitive Unavailable Cost Surface
Areas FeEine=t Preference Relative
Water Unavailable 01::";213 Accessibility
Water Buffer=0 0= road location
Slope Unavailable 9= worst to 120+ units away
Too Steep=10 R
= else assigned1 [ Accumulation
_ Roads Cost Surface
Slope — Relative — 1= road
Steepness V= o=
1= most preferred
rated through.

9= least preferred .

Forest
Accessibility

0 =road
to 120+ units away

~Extended ™,
“Model .~
Extended Access Model (Human Concemns) ...willing 10 reach farther into areas with low
visual exposure and housing density
Roads . T
H Viewer e
E i ] ]
8 Locations Visual z VE Adjust
Exposure | E 1;:;3{:;9;
0=not £ -’
Houses to 32?14-5:::11 & e
Elevation —
]
>
=
A
Housing 5 HD Adjust
c . —
Houses 3 , Denhsny - § ] 177= zsgt:wsgnn
=no houses
1o 66+ houses & 5=01020 Low

., e

Avg Weight
1=High

7= Medium
5= Low

Figure 1. Theextended Access Model develops a multiplicative weighting factor based on housing
density and visual exposure of potential harvesting areas.

When the multiplicative weight is applied to the preference map stack, it improves (lowers)
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preference ratings iareas with low visual exposure and housing density, while retaining the
basic ratings in areas of high visual exposure and housing density. The effect on the model is to
favor reaching farther into available forested areas in locations that are lesgicoste

Figure 2 compares the results with the left side of the figure tracking the results of Basic Model

and the right side tracking the results of the Extended Model that favors harvesting in areas of

low human impact. The effective distance tofdmghest available forest location is reduced by a

third from 116 to 76. The 3D plots on the bottom of the figure (insets ¢ and d) depict the results
asbowds haped accumul ation surfaces with the | owe
the lower enter portion of the project area. Note the considerable easing (lower values;

flattening of the surface) of the relative proximity at the circled remote location.

Figure 2. Comparison of Basic and Extended model results.

Figure 3 illustrates a couple of techniques for summarizing related map information using a

binary map of accessible forest areas. A regiade (zonal) overlay opation can be used to
Acount o the total number of acres of accessib
aces of accessible forest in Watershed 3). Also, by simply multiplying the binary map times the
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