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Abstract

Geographic and Geospatial information systems (GISs) have especially benefited from increased
development of their inherent capabilities and improved deployment. These systems offer a wide
range of services, for example, user-friendly forms that interact with the geospatial components
for locational information and geographic extents. An online distributed platform was designed
for forest resource management with map elements residing on a GIS platform. This system is ac-
cessible on non-authenticated browsers optimized for desktops; whereas the online resource
management forms are also accessible on mobile platforms. The system was primarily designed to
aid foresters in implementing resource management plans or track threats to forest resource.
Baseline data from the system can be easily visualized and mapped. Other data from the system-
can provide input for stochastic analyses especially with respect to forest resource management.
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1. Introduction

Decision Support Systems (DSSs) are fundamental in addressing complexity of making coherent, integrated, and
interdependent resource management decisions. This is due to their inherent nature of ability to cohesively for-
mulate those parameters or pertinent information that otherwise cannot be processed effectively by human heu-
ristic processes. Decisions formulated from DSSs must be defensible by stakeholders (e.g. [1]), factor in mul-
ti-scalability and temporal issues, factor in other relevant considerations, aid in resolving potential conflicts
amongst other factors. Interactive computer-based systems have been adopted to help decision makers utilize
data and models to solve unstructured problems or decision support systems [2] [3]. DSSs have evolved to en-
compass multi-component systems that include various combinations of simulation modeling, optimization
techniques, heuristics and artificial intelligence techniques, geographic information systems (GIS), associated
databases for calibration and execution, and user interface components [4]. Each of these six components may to
some degree individually satisfy Sprague and Carlson’s [3] generic DSS definition.

An Adaptive Decision support systems (ADSS) may be interpreted to include any system that is capable of
self-teaching, which is accomplished by integrating unsupervised inductive learning methods (e.g. [5]-[7]).
ADSSs reduce effectively the need for implementing complex spatial analytical capabilities on an ArcGIS serv-
er platform by generating the best result to a problem by refining an initial solution. This can be done by essen-
tially incorporating the results of the spatial analyses as a layer with identifiable features. Adaptability of such a
system may arise from GUI designs (dialog subsystem) with pertinent factors accounted for (e.g. [8]-[11]), de-
gree of interactivity of data (database subsystem), auxiliary information (knowledge subsystem), spatial analyses
(problem processing subsystem), statistically derived data (model base subsystem) and lastly expert analyses
(decision-based subsystem).

The primary aim of this study was to integrate an out-of-the-box ArcGIS Server system with hallmarks cha-
racteristic of an ADSS essentially to: 1) provide a secure gateway for the North Dakota SAP derived data layers
for resource management by depicting lands rich in natural resources, vulnerable to threat or both. 2) Serve as a
city, county, state and federal reporting mechanism for NDFS and affiliated partners' forestry management ac-
complishments; a resource locale identifier; a tracking and monitoring geospatial interface; and a public re-
source to monitor or track threats or vulnerabilities including invasive species, catastrophic wildfire, and climate
change effects on forestry and forest conversion. 3) Provide baseline data on the forest resources of North Da-
kota to model potential forest resource threats and offer management opportunities identified through the state
forest resource assessment and/or vulnerabilities identified using the State and Private Forestry Redesign nation-
al assessment tool. 4) Determine and identify tracts that were not included in the original spatial analysis project.
5) Provide a concise central repository and inventory of forestry programs identifiable by searchable attributes
such as city, county or associated wild land-urban interface. The specific objective was to design a widely dis-
tributed online portal for forest resource management.

2. Overview of North Dakota

North Dakota was formerly the northern portion of Dakota Territory, located in the Midwestern region of the
United States, became a US state in 1889. It borders Minnesota to the east, South Dakota to the south, Montana
to the west and Canadian provinces of Manitoba and Saskatchewan to the north. It spans a latitudinal range of
45.93° - 49° and extends westwards from 96.55° to 104.05° longitude. Its areal coverage makes it the 19" most
extensive US state and comprises of 53 counties (Figure 1). North Dakota state capitol is located in Bismarck
on the banks of the Missouri River just downstream from Lake Sakakawea. Lake Sakakawea, a large man-made
lake, is behind Garrison Dam. The largest city is Fargo on the banks of the Red River. North Dakota was consi-
dered part of the Great American Desert. A precipitation gradient exists from east to west. The eastern regions
generally receive more precipitation. The area in the past was resplendent with devastating prairie fires making
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Figure 1. An overview map of North Dakota, USA.

establishment of arboreal ecosystems extremely difficult. The western half of the state consists of the hilly Great
Plains, and the northern part of the Badlands to the west of the Missouri River [12] [13]. The state’s high point,
White Butte at 3506 feet (1069 m), and Theodore Roosevelt National Park [12] [13] are located in the Badlands.
North Dakota is abundant in fossil fuels, for example, natural gas, crude oil, lignite coal predominantly in the
western part of the state. Fossil fuels form primary economic activities in the western part of the state whereas
the eastern part of the state has a thriving agricultural sector industry. Natural trees in North Dakota include ri-
parian forests around perennial streams, around Killdeer and Turtle Mountains, and in significant plantings, for
example, managed forests and in other areas such as shelterbelts. North Dakota forests are comprised of four
major types: elm-ash-cottonwood, aspen, oak and ponderosa pine [12]. The North Dakota Forest Service (NDFS)
was established in 1906 to practice sound land stewardship to enhance and preserve forests, grassland, and wet-
land ecosystems found within the state boundaries [12]. By 1954, the total acreage for protection plantings was
89,000 acres (360,170,221.59 m?), earning North Dakota the distinction of having more protection plantings
than any other state in the United States. To date, the natural woodlands of North Dakota covered about 824,000
acres of forested land that includes shelterbelts.

3. Methodology
3.1. Phase I: System Structure

The system design entails three user levels accessible to: 1) local users and administrators, 2) registered foresters,
and 3) rural fire departments, researchers and the general public (Figure 2). Administrators are able to view log
files, update databases, update the geospatial database elements, register new users and perform system main-
tenance tasks. The design schema has two main databases accessible to 1) foresters (private database), and 2)
public (public database) with pertinent security and protection mechanisms instituted. The public database is
accessible through non-authenticated browsers (Figure 3).
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Figure 2. North Dakota Forest Service Decision Support System (NDFSDSS) system con-
figuration.

3.2. Phase II: Management System

Several databases were linked to web forms to capture resource management data. The forms were designed to,
capture user information, represent underlying features integral to the database, for example, associated FIPS
codes, store the dialog or knowledge base, and provide on demand pertinent information from multiple sources
for forestry resource management. For example, for Forest Stewardship plan, a dynamic interaction between the
user and the system enables amongst other alternatives, ability to determine if a proposed plan would be in a
prioritized area. We also implemented minimum data storage and applied security measures in retrieval of
non-sensitive data. Most of the forms designed are available to the general public, while the databases can only

188
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Figure 3. Opening page of NDFSDSS (http://ndfsdss.dakotacollege.edu/).

be accessed by the North Dakota Forest Service personnel.

Types of forms and databases designed include: 1) Community Accomplishments Reporting System For Ur-
ban And Community Forestry Program (form), 2) North Dakota Rural Fire Department Wild land Fire Report
(form and database). 3) Redesign-Innovation in State and Private Forestry form, 4) Technical Forestry Assis-
tance and Accountability Measures Report for Information and Education (form and database), 5) Training Pro-
gram/Presentation Template (form and database). The following forms require login: 1) Accountability Meas-
ures Report (form and database). 2) Forest Stewardship Program and Rural Forestry Assistance (form). 3) Sick
Tree Assistance Form (form and database). 4) Forest Resource Management Plan (template). 5) Report a Forest
Threat (template and database). 6) Talk to a Forester (chat).

3.3. Community Accomplishments Reporting

The CARS (Community Accomplishments Reporting System for Urban & Community Forestry Program) al-
lows for measured outcomes on: 1) Percent of population living in communities managing programs to plant,
protect and maintain their urban and community trees and forests. 2) Percent of population living in communi-
ties developing programs and/or activities to plant, protect and maintain their urban and community trees and
forests. The designed form allows for multi-year tracking of these percentages to gauge community participation
and success of community based programs for various stakeholders. The form accepts all generic CARS related
Microsoft Excel® comma delimited files. Various outputs can also be tracked for each fiscal year. These include:
1) Number of people living in communities provided educational, technical and/or financial assistance. 2)
Number of people living in communities that are developing programs/activities for their urban and community
trees and forests. 3) Number of people living in communities managing their urban and community trees and
forests. 4) Number of communities with active urban & community tree and forest management plans developed
from professionally-based resource assessments/inventories. 5) Number of communities that employ or retain
through written agreement the services of professional forestry staff who have at least one of these credentials: a)
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degree in forestry or related field and b) ISA certified arborist or equivalent professional certification. 6) Num-
ber of communities that have adopted and can present documentation of local/statewide ordinances or policies
that focus on planting, protecting, and maintaining their urban and community trees and forests. 7) Number of
communities with local advocacy/advisory organizations, such as, active tree boards, commissions, or non-profit
organizations that are formalized or chartered to advise and/or advocate for the planting, protection, and main-
tenance of urban and community trees and forests. 8) Number of hours of volunteer service logged. (An agen-
cy-wide consistent methodology to be developed to track volunteer hours). 9) State offered community grant
program in current fiscal year. 10) Number of communities receiving financial assistance awarded during the
Federal FY 2010 through a state managed community grant program. 11) Amount of Federal (USFS) funding to
States. From the database critical needs may be addressed especially for: a) communities that have the potential
to develop management programs for their trees and forests with assistance from UCF technical, financial and/or
educational program services, and b) communities that currently are not managing, or developing programs to
manage, their urban and community trees and forests. Finally, an estimate of federal (USFS) dollar cost or ex-
penditure per capita in community assisted can be tracked.

3.4. Fire Report

This form was designed to collate forest fire information for wildland fire occurrences within North Dakota.
Pertinent data collected include: 1) Fire discovery and containment dates, 2) fire size (acreage), 3) locational in-
formation (latitude and longitude and land ownership, 4) cause of fire, 5) vegetation burned, and 6) structures
lost or threatened. This information will be critical in modeling fire disturbance and spread, for example, by de-
fining a non-parametric separation index (SI) to potentially determine which cover types are prone to fire dis-
turbances. The cover types listed on the form include, grass, cropland, pine forest, hardwood forest, brush and
any other category. North Dakota has a climatic gradient from the drier West to well-watered Eastern parts. The
Sl can be calculated from [14]:

SI, =1 (1)
Min(A,A;)
where SI; ; is separation index between cover types i and j SO <S8l Sl), A ; s the overlap area between
cover typesiandj, A or A; isarea for cover type i or j, and Min represents the minimum function (smaller
number between A and A;). Data from the GIS application and fire data can also be used to model spa-
tio-temporal variability in fire return intervals using Stambaugh and Guyette method [15]. Fire return intervals
can be estimated from empirically determining a Mean Fire Interval (MFI) from [15]:

MFI = f (TRI, POP, RD), )

where TRI denotes the topographic roughness index, POP signifies the natural log of human population density,
and RD is river distance. Flame height can be modeled from the following equation [16]:

2 T2
il :{u W, } , ©)

Hyo gH o

where U, is wind speed at a given height (m/s), H,, is flame height (m) in the absence of wind, and g is
gravity (m/s?). The tangent of the flame tilt angle is proportional to | I(Uj/gH m) .

3.5. Forestry Assistance and Accountability

North Dakota Forest Service through its outreach programs extends educational components through several
programs. These include, Natural Resource Conservation Education, Envirothon, Arbor Day, and Smokey Bear
Poster Contests. The extension of this program is facilitated through numerous avenues including the Teacher
Learning Centers across the state, Project Learning Tree workshops, and via other K-12 outreach programs.
Some of these programs are funded under the auspices of the North Dakota Environmental Education Strategic
State Plan. Organizers of these events can now report through the Forestry Assistance & Accountability form.
This form is also dynamically-linked to the Accountability Measures form (Figure 4). This information can
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Title: — Select a title — [~ Date:
Information & Education Community Forestry [T Forest Resource Management ! Fire Management
I”I Tree Production [ State Forests I Forest Health Year to Date

Title: | - Select a title - Date:

. Forest based economic growth.
02 Forestry-based economic benefits. -

03 Gommunity widfire protection planning. ist Resource Management | Fire Management
D4. Rural fire department (RFD) capacity enhancement. st Health Year o Date
05. Wildland fire awareness and prevention programs.

06. K-12 teachers and students education outreach.

07. Arborists training and re-certification programs.

08. Conifer (evergreen) conservation tree planting initiatives.

09. Natural resources sustenance through stewardship programs.

10. Community forestry programs.
11. Forest health and sustainability programs.
12. Multiple-use management programs.

Title: | 01. Forest based economic growth. El Date:
Information & Education Community Forestry ["| Forest Resource Management [_| Fire Management
[ Tree Production ] State Forests [ Forest Health Year to Date

Provide an environment for forest based economic growth by measuring the percent of biomass and wood utilization
businesses assisted.

Units of measure

Number of biomass, primary and
secondary wood utilization
businesses in North Dakota.

Accomplishments data

Total number of biomass, primary
and secondary wood utilization
businesses assisted.

Information & Education
Community Forestry

Year to Date

Performance indicator(s)

Percent of biomass, primary and
secondary wood utilization
businesses assisted.

[ Submit |

Make sure you have selected a start and end date before clicking on the Calculate or Download button.

Start Date End Date

Dowrload Repor I N  Ceicieis ] Dowosd

Figure 4. Multi-component Accountability Measures Report form designed to integrate several levels of data
in a master RDBMS.
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be used to track educational programs across the state.

3.6. Training

The training form populates a database with available training programs and cooperating agencies. Listed train-
ing includes 1) Fire department training, 2) Insect and disease training, 3) Landowner education and training,
and any other agency-based training program. Cooperating agencies that may be involved include North Dakota
Department of Agriculture (NDDA), ND Game & Fish, NDSU Extension, Animal and Plant Health Inspection
Service (APHIS), Tribal Organizations amongst other potential agencies.

3.7. Forest Stewardship Program

Original guidelines were meant to delineate potential stewardship tracts within states; provide tools necessary
for the North Dakota Forest Service to effectively and efficiently address critical forest resource issues at state,
regional, and community scales; and provide forest resource managers with unbiased means to address problems,
opportunities and objectives associated with intermingled federal, city, state and private land ownership patterns
within North Dakota. The form (Figure 5) designed for forest stewardship and rural forestry assistance help
track number of landowners that participated in landowner assistance or education-based programs. The value
for education-based programs comes from Section 3.6. The form also calculates the acreage for 1) new and/or
revised Forest Stewardship Management plans, 2) new and/or revised Forest Stewardship Management Plans
that are in prioritized areas. These areas include high priority areas, medium priority, and low priority areas (e.g.
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[10]). The number of plans for any fiscal year can be queried within the database. Other critical areas that can be
easily queried include: a) Base Non-Industrial Private Forests (NIPF) acres in important forest resource areas, b)
acres covered by current Forest Stewardship plans, c) acres in important forest resource areas covered by current
Forest Stewardship plans, d) total number of acres in important forest resource areas being managed sustainably,
as defined by a current Forest Stewardship Plan, e) acres currently under an Environmental Quality Incentives
Program (EQIP) Management Plan.

Using Markovian random processes e.g. [13] we successfully utilized the Forest Stewardship Program data to
model the transition potentials and areal changes for eastern North Dakota. Our basic paradigm was to define
forest transition as a first-order Markov process {X,} with n={0,1,2,...} and t eT for T ={0,0}. If the

conditional probability is not affected by earlier states then [13] [17]:
Prn (Kot X0t X b3 Xt ) = Py (Xt [ Xy ) (4)
with P, ) @ the transition density. A Markovian process can be adequately determined by two functions,
Pew (X0 ty) and Py (X,.t,| X, ) suchthat for t, <t, <t, then [17]:
P (X0t X i Xats) = Py (X0t Xt ) Py (X3t Xt X0 1)
= Py (X0t Py (Xt Xurt) Py (Xate] Xoot ) '

which also holds true for all hierarchy of Px(n). The time-stationary Markov chain can be determined by the
Markov transition matrix p;(t)=P{X, =j| X =i}eR™ =p; for i=j=m and t, T such that [13]
[18]:

(®)

Pa(t)  Po(t) o pua(t)

P(t)= pz,lz(t) pz,z:(t) pz,n:](t) ’ ©)

pm,;(t) pm,;(t) pm,n;(t)

with > p; =1 and as such [13] [18]:

j=1

o n; (t) n; (t)
P;; (t) = n (t—l) = Z:]:lnik (t) (7)

where n; (t — 1) is the total number of cells transiting from category iduring the tth transition period, n;(t) is the
number of cells transiting from category i to j in the tth transition period (Wu et al., 2006). From Equation (6), if
lim,_,, P(t)=¢;, where ;=1 for i=j and &; =0 otherwise, then P(t) is continuous at t=0 and

i—>0+
t inz)i{p(t)_ | }/t] =Q=g; e R™™ where | is the identity matrix, with g, (t)>0V j=i and

0; (t):—zki a; (t) vt=>0 [13] [19]. Q is infinitesimal generator that represents the rates of change of the

transitions. We can therefore surmise that the transition rate at time y, g;; (y)are solutions to,
dp; (v)/dy =3, pi (Y)ay (v) . system of differential equations.

3.8. Sick Tree Assistance, Forest Threat, Chat

The sick tree assistance form was designed to aid private landowners provide base data for managing any tree that
exhibited disease symptoms. An exhaustive listing is provided for common tree species within the state with a
chance of inputting cultivars if known. The forest threat module was designed to provide a concise detail of po-
tential threats in the following categories: 1) Invasive plants, 2) insects, 3) diseases, 4) climate, 5) loss of open
space, 6) pollution, 7) wild land fires, 8) other invasive species, for example, non-native earthworks, 9) unma-
naged recreation or any other unlisted threat. The form also provides for each listed threat an image and text de-
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scription of each threat on computer mouse hover (Figure 6). A chat module was also created primarily for fore-
sters from different geographic locales to be able to dialogue especially on pertinent issues. In this way the chat
module effectively provides an extra platform for communication.

3.9. Accountability Measures

The accountability measures report is the most comprehensive management component designed. It coprises of
twelve sections and seven areas of accomplishments data that could be used in any combination. The sections in-
clude: 1) Forest based economic growth. 2) Forestry-based economic benefits. 3) Community wildfire protection
planning. 4) Rural fire department (RFD) capacity enhancement. 5) Wildland fire awareness and prevention pro-
grams. 6) K-12 teachers and students education outreach. 7) Arborists training and re-certification programs. 8)
Conifer (evergreen) conservation tree planting initiatives. 9) Natural resources sustenance through stewardship
programs. 10) Community forestry programs. 11) Forest health and sustainability programs. 12) Multiple-use
management programs. The seven areas for accomplishments data include: 1) Information and education, 2)
Community forestry, 3) Forest Resource Management, 4) Fire management, 5) Tree production, 6) State forests,
and 7) Forest health. For each accomplishment data a performance indicator is automatically calculated based on
underlying factors within the seven areas and standardized units of measure. A searchable by date database is also
generated.

4. Result Analysis

It is worthwhile to note that most wild land fire occurrences are on riparian or close to riparian forests (Figure 7).
This indicates that even with relatively higher stand densities, decreased probability of torching and lower ca-
nopy heights amongst other factors they still had higher probability of torching than upland forests. Figure 8(a)
shows average and maximum wind speeds for North Dakota Agricultural Weather Network (NDAWN) stations
recorded on the same day that wild land fire was recorded. Thiessen polygons were generated using ArcGIS to
determine which GPS locations of wild land fires corresponded to which NDAWN station. It is clear that max-
imum wind speeds were recorded where the burned areas were larger. At Bottineau the burned area exceeded
400 m? although the wind speed was comparatively lower, this can be attributed to the type of less fire tolerant
vegetation found in this area which is also resplendent with typical needle-leaves trees. From Equation (3), we
modeled H,/H., for H,, =02m, 04 m, 06m, 08m, 1.0m, 1.2m, 1.4 mand 1.6 m. The rationale of
choice for H,, values was to cover a broad range of wildland vegetation, that is, prairie grasses that cover
most of North Dakota, intermittent shrub heights and also to allow for an acceptable range of anthropogenical-
ly-induced wildland fire heights (Figure 8(b)). From Figure 8(c), for the H,, values used, we found
that H, /H, varies from 4% - 59% (0.042<H /H, <0.594 ). NDAWN stations that had higher ranges for

H; /Hy, included Hazen, Turtle Lake and Watford City, however, there burned areas were smaller in acreage.
Figures 9(a)-(h) show variation of flame height in cm when wind is considered with respect to latitude and lon-
gitude. For the range of H,, values used the observed trend is that flame heights with respect to wind are
higher in a band trending NW - SE along the central grasslands region. From Figure 7, in 2012, most fire oc-
currences reported for this region were in Stutsman County. It is also worthwhile that there is no discernible
uniform trend for flame heights for each location (trend would mimic same trend that can be generated from
Figure 8(c)). All graphs were generated using SigmaPlot (Systat Software, San Jose, CA). Figures 10(a)-(h)

represent polar plots where the distance from the origin of the graph is given by ,/(Uj/gH fo) and the angle

between the positive horizontal axis and the radius vector from the origin is represented by the wind direction as
recorded by NDAWN stations. They represent an annual composite of wind direction roses with respect to rec-
orded fire events. It can be clearly seen that for locations where the prevailing directions are westward there are

correspondingly higher values of ,/(U(f/gH f0) and as such larger tangential tilts and equally larger areas af-

fected. At an annualized outlook of wind patterns and several locations it is equally harder to predict incoming
and return flow directions. Nevertheless, we can adduce from Figures 10(a)-(h) that for 0.20 m<H,, <1.60 m

there is a prevailing NW trend for wind direction.
From Figures 11(a)-(h), the following categories of land use and land cover are enumerated: 1-Row crops,
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2-Grains, hay, seeds, 3-Other crops,4-ldle cropland/fallow/Conservation Reserve Program (CRP), 5-Grass, pas-
ture, non-agriculture, 6-Woodland, 7-Urban/developed, 8-Water. The highest change in area (Figures 11(a)-(c))
between 2000 and 2001 is the water category, as shown by the prominent peak. This peak change can be attri-
buted to significant flooding in 2001.0ther notable peaks include grains, hay, seeds and idle cropland/ fal-
low/CRP transiting to grass, pasture, non-agriculture category. This also may be due to more lands converting to
CRP lands. The CRP is a land conservation program administered by the Farm Service Agency (FSA) where
farmers enrolled in the program agree to remove environmentally sensitive land from agricultural production



P. G. Oduor et al.

50

50

(s/w) paadg puip

=) o o =)

< (3] N - o
L L .._...._.._._..

L — ¢ L
- 2N -
L L
L ST L
L » — I

> -
- —§ =
C — > C

|8
: A*lﬁ’v)\u :
- .3 Iﬂq C
C 83 —— C
I © o — | -
L o o i L
[ 2w L
L Po C
[ B & — > L
L WW - y — L
L c et L
- %u -
- mm - -
L = L
- wa — -
L 2= L
C - | C
- . e e T

=) o o o o

< ™ N -

BYSIM

JD PIOJEAN
mv_mw SNl
uadde |
IEIEENS
ejjoy
uosuiqoy
Jadsolid
Aingsyiid
HOW
JOullNl
uebiyoiy
AUsHI
S[|IMEN
uouep
uepuely
uogsi
uojur]
pieuoan
uopbue
aynispey|
umojsawer
19))U|
ploquiny
punjjjoH
0J10gsjiiH
19b6umaH
uazeH
sylo4 puei
Bingssjes
IBAIY 159104
[ebuiy
obie]
an|
Ae[dbp3
uung
uosupIq
AezeQq
Agsoi)
19l[eAe)
uojbuiien
uewmogq
s|legmog
nesuijog
ployueg
yoeag
19xeq

Closest NDAWN Station

@

1400

1400

ANEV ealy pauing

o o

[=] [=} [=} [=} [=3 [=3

N o o (=] o o

- -~ © © < N o

T T T T 1 LI B 1 LI B L T T T T L L B L T T T L T T T
- m—
- —
- ——
- -
- S
- -
- —
- ¢
- —
- -
- -
- -
- ——
- -
- 'S
- —
- —
- —
- -
- ——
- e—
- -
- —
- -
- -
- -
- <
- —
- —
- -
- -
- -
- —
- -
- ——
ST S S S S

(= (= o o o o o

o [=} [=} [=} o o

N o [-=] © < N

-~ -~

OYSIM

JD PIoHEAN
mxmm SNl
uadde |
19190118
ejjoy
uosuiqoy
Jadsoud
Aingsjiid
Now
JOUllN
uebiyoiy
AusHoW
JIIAM e
uolejp
uepuep
uogsi
uojury
pJeuoa
uopbue]
aynusjiey
umojsauler
J9Is)u|
ploquiny
punjjoH
0J0gs|iiH
J9bumsH
uazey
SHI0H puelD
Bingssjes
JBAIY 159104
[ebui4
obie]
a1y
As|86p3
uung
uosuioig
AezeQ
Agso)
Jsl|eAen
uojbunied
uewmog
s|logmog
neaujjog
ployusg
yoeag
Joxeg

Closest NDAWN Station

(b)



P. G. Oduor et al.

—~— N
o @ © < N o &g °
- [} = o o S} -2 B
1 1 1 1 w = m
- PECTSISISI® - YOYSIM T2 2
: IECOSMKISTI Al Plogem S5 a
- DO O H DIEMIESHIS ov_mm_ S[un] o< o
- PR > @ [ Usdde| - =
- POCOSME [ENKI> @ [ J8jealis 85 =
- MOMCI>® - BloY S x =
- lSCEP@ - Uosuiqoy o8 E
- DORLOIRCI»O |- 19dsOld s 2
- PORMQIISHER® - Angsiiid =< 2
- DOOIIISUISNsBE - HON St 5
- PO O T > @ [SIGPe |- JOUlN s3 g
- POTECEM |- Ueblyoiy D s
- PERESHICD® - AUSHON s © =
L IESIESHEE® |- OllAMEN 2o g
- PORCSIMCmID® [ UOLEp\ s= =
- ISIEIMSTISHI® | Uepuep c o _-
- EpeCO>@® [ UOgsl] kel SET

- ISRESYD® | UouI] 5 o 2
- DOOCOE PO - PIEUOST] 8 >0 &
- POREOH D @ - uopbue " - 22
- LEOREOSICDO - dunispey - N T
= POOY CIEISNINe [ UMojseuler L <
L DOCEIENGRCIDO |- JoIsyU| < S g
- ISCPe [ ploquny L B o &
- OO« < O PSR SI»® - PuUnjjoy N s @coc +
- boedm > @ - 010GS|lIH = S5

= COrEMECIDe® [ JobumsH = s =
- PO« O ISHOMMCITISIIN® | UszeH o a8 2
: DOTIRCMEINIDE - SHojpuein O 2 s
- ISPe® | bingseen T @ g
L Cmpe | Jonyisslo4 O S 2
L PTDOGIED> e L ey ) $g<
- ropgSMIpe [ 0bie] Ee =
- POOCO TENEAICR - 1) 2T 5
- MSM>P® [ A9[5Bp3 EQ S
- PORMISMEI>@® |- uung X2 g
- POS4 OITITTLIWIE |- YosUbOIQ g5 2
r €E €E € E € € € € COTENEOI 80 - A8zeq © Z
FN < © 0o N < © LopCSICIDe - Agsor) 2.2
F'o 6o 60 6 — « « — Loe¢on > @ I J3leAeD <SS g
L L L T | N [ B R || PoReOm b @ - ucibuieg o 8 (o)
B o o o o o o o o wMHMi B CNE>>0m w =z
L e w— o~ “— .~ e — e I s||legmo - =
L& & L & oL oL ore || nboumod SE <
L L o m - — S
L e > Em O 4 @0 > R!o-ﬁMMx'vo -m_omc%m_m_ Awm
- SCape | Joved =8 B
T T T T 5 Z
o ® © < N o ® s 5
- =) =3 o o o 28 <
03y 4 55 8

—
HI°H Lo =2

wind H¢o for each wildland fire location.

-96

_
N o W o w
©

(wo) ybray

[Tt
o o
[RRT-IN T

awe|4

@



P. G. Oduor et al.

04

46.0

©

ITLARIAREARRIRRAS

46.5

47.0

47.5

Latituge

H,,=0.40 m

50 ———

BioH swe|4

n o mwouw
<t T O MmN

(wo) 3ybroH awel4



P. G. Oduor et al.

Flame Height (cm)

g£88 8

Flame Height (cm)

68868

100
95
90

85 +
80 -
75 1

70

45

40 -

35
30
25
20

15 |
10 |

100
95
90
85
80

75 -
70 -

55

30
25
20

15 1
10

H;,=0.80m
49.0
48.5
48.0 47.5 47.0
Latityge %3 4eq 104
(d)
Hyo=1.00m
SSE===
== =
49.0
485
0 o8 e
Latityge %3 40 ™

96
100
Longitud®
96
) Long\"“de



P. G. Oduor et al.

Flame Height (cm)

s ppam

Flame Height (cm)

H,=120m

100

75

70
65

EELRR
I
il
T
I

60 |

i

30 1
25 1

20 —

15
10

100

TR

Latityge 46.5

46.0
®

H,=140m

il

\TTTATIITIT

ALV

|
[

il

475 40

96
=100
Loﬂgv‘“
96
Lonf.l‘ wd



P. G. Oduor et al.

100

Flame Height (cm)
oM
L5 ]

Figure 9.

==
= EEE EEZ===
= == =EEmssees
= SE=S SEsE=
== = 96
49.0
48.5 -100
B s g 102 ude
Latityge 465 460 104 Long

(h)

Graphs of flame heights for various values of Ho .

East




P. G. Oduor et al.




P. G. Oduor et al.

(d)

East




P. G. Oduor et al.

)



P. G. Oduor et al.

East

Q)
Figure 10. Polar plots depicting radial variation for (Uj/gHm) against prevailing wind

direction on the angular axis for various H, ..

and plant species that will improve environmental health and quality. In the period, 2001-2002 areas that were
under floodwaters can be seen transiting to other “absorbing” states, for example categories 2 to 7. Categories
that exhibited significant changes between 1999-2001 include other crops, urban/developed areas, and woodland.
Considering this subset of the state containing two of the major metropolitan areas, we can assess impacts of
forest conversion. For example from the transition probabilities graphs (Figures 11(d)-(f)), woodland transition
probabilities to urban/developed category are 0.0095 in 1999-2000, 0.0467 in 2000-2001 and 0.0411 for the full
period 1999-2001. This trend is low probably due to most development on the eastern side of North Dakota is
not significantly affecting predominant riparian forests that exist in this region. But again since this area is
greatly affected by periodic flooding, for the time period 2000-2001, there were more instances of water cate-
gory transiting to other states. Areas with grains, hay, seeds category almost displayed a uniform probability of
staying unchanged over the three year period.

5. Conclusions

The goal of our research was to provide a systematic, quantitative and innovative tool that supports deci-
sion-makers in forestry management. The designed system can be used to access forest management program
initiatives, especially where these programs are lacking. Furthermore, the system is an integral component in
spatially displaying areas where the best forestry policies may achieve the best results. The ADSS was designed
as an adaptive dynamic framework modularly constructed to optimize system capabilities and provide flexibility
for future. The system provides for real-time assessment of information stemming forth from all affiliated enti-
ties. The system has a base stage deployed using ArcGIS Web services. Web applications and services utilize-
configured authentication methods and a. NET security standard over HTTP with windows security systems

recognition.
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From this ADSS a secure gateway for the delivery of North Dakota Spatial Analysis Project (SAP) derived
data layers was designed. From this platform, resource information and key management variables can be re-

trieved, queried or catalogued over non-authenticated web browsers. The ADSS has arisen as a vital link of city,
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county, state and federal forestry reporting mechanism for NDFS and affiliated partners. For example, in the
2001 year alone, wild land fire reporting peaked at over 930 records marking a significant success. General pub-
lic can utilize the system by querying multiple layers of records and as such decipher management accomplish-
ments. Since the system also provides baseline data on other resources, for example, watersheds and geo-cor-
rected hydrologic datasets, these can be utilized to secondarily address water quality issues or management op-
portunities identified through other resources.

Several resource management forms were incorporated into the ADSS, for example, the most intricate form
designed was for tracking community accomplishments for urban and community forestry programs. Measura-
ble outcomes include impact of forestry programs on local communities within each fiscal year, impact of pro-
fessional advice offered to individuals or communities, and federal funding per capita amongst other delive-
rables. Other forms include wild land fire, innovation in State and Private Forestry, forestry assistance and ac-
countability measures, forestry training programs, forest health, and an online chat. Integral to most of these
forms are associated relative databases. The databases store retrievable pertinent information related to forestry
resource management. Multi-faceted information can be retrieved from the system from current reports, filed
reports or information that can be utilized in a myriad of possibilities.
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