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Introduction

 Management of natural resources is
becoming increasingly complex and the
production and protection of those
resources requires and increasing amount

of analysis.

« Automated processes and software needs
to be developed to help.
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Description of LMS

* The Landscape Management System
(LMS) integrates forest inventory, growth
models, visualization, and analytical tools
into a framework for evaluating stand- and
landscape-level management alternatives.




LMS Components
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KC1

LMS Data Requirements

« Stand level information
= Site quality variables, age, area

* Tree inventory information

= “tree list” (individual tree data with expansion factors),
Need Species, Diameter, and TPA, better to also have
Height and Crown ratio

« Spatial information (for landscape

visualization and spatial analysis)

* Need elevation model (USGS DEM, SDTS, ESRI ASCII
Grid — converted to PC-Plans DTM format), map of
stand boundaries (ERSI shapefile or MOSS file), can

add other spatial features (roads, streams, trails, etc)
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KC1 Add image of LMS...
Kevin Ceder, 6/18/2004



LMS Versions

 LMS 1.x—-1994-2000

 LMS 2.x — 2000-2005

LMS 2.0 — August 2000
LMS 2.0.42 — Feb 2001
LMS 2.0.45 — Jun 2002

LMS 2.0.45 Release 9 — Nov/Dec 2004
LMS 2.0.45 Release 10 — Apr/May 2005

 LMS 3.0 —2005-?
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LMS 3.0 — Beta 3 — Apr 2005
LMS 3.0 — Beta 4 — May 2005



History of LMS - 1.x

* No longer available e —

* No longer supported [EET] (] AP () ) T i 9 (] ) 20 ) 2]

- People still like the buttons 7. .

* Awkward interface, limited e B sz +
flexibility and ability to e e o tnation |
enhance system

» Used many small files, filled -
disk —

 Difficult to get data into
SyStem * Proof of concept that a system could

e No feedback between be built to integrate tree list models,
Components visualization, and analytical tools.
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History of LMS - 2.x

LMS - C:Imsfolio2'packexam’,Packexam.lms - |E||5|

File Projection  Analysis  Wiew Tools Help

« Available/Supported
* Includes FVS, Organon, SVS, EnVision
* Interface to Excel

* Inventory Wizard, Economatic, Carbon,
Wildfile habitat, etc
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» Limited size of portfolios
» Interface not intuitive enough

« Still difficult to get data in (Inventory
Wizard developed to address this)

« Program enhancements required major
modifications to software.

 Need more flexible simulation
environment, enhanced treatment
capabilities
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Programmed by Chris Nelson, Jim McCarter, Kevin Ceder, Jeff Comnick
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History of LMS - 3.0

 Available in Beta now
« Enhanced treatment capability
* Enhanced modeling capabilites ________ -

* Includes Organon, FVS, SVS,
EnVision

» Interface to Excel, Access

« Larger portfolios

» Greater speed (~5 times faster)

« Expanded simulation capabilities
« Updated Inventory Wizard

* Improved integration capabilities
(GIS, Web, etc)
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° Enhanced bUCking algorithm Programmed by Chris Nelson, Jim McCarter, and Kevin Ceder
« Understory modeling capabilities
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LMS 3.0 represents a new
approach to the integration of the
system components




LMS 3.0 - Design Goals

* Develop a more flexible, modular, robust,
scaleable, and supportable system.

* Needs to handle larger landscapes and
run significantly faster.

* Needs enhanced simulation capabillities

= More growth models

* |ncreased treatment options (more treatment
variables and model specific treatments)

* Pre- and post- model processing
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More flexible, modular design

* All components are now Windows DLLS (data passed
through memory)

« Component manager automatically “registers”
components at runtime.

« Each component is responsible for its own
configuration and any component specific data.

« Base components provide portfolio and
Inventory (tree, snag, understory) information.
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More flexible, modular design

* Multiple interfaces are made much easier
= Default, full featured interface
= K-12 interface (simpiified)
= ArcGIS interface (mapping component in LMS and ArcGIS

extension to provide an alternative interface)

= \Web interface
« LMS is now an automation server (can be run

by other programs)
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Faster Performance

« Native data formats are now all binary files

* Provides better speed and security at the cost of
some size

* Minimize file creation and activity

* Results in 5+ increase in performance

= 100 stands growth one growth cycle in less than 16
seconds on 1.5Ghz computer
» Pack Forest Example Portfolio (200 stands, 30 years):
¢+ LMS 2.x: 5 minutes 47 seconds
¢+ LSM 3.0: 1 minute 13 seconds
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Enhanced Simulation Capabilities

« Can accommodate whole tree model
« Can support FVS pest extensions (summer 2005)

 New models are linked by developing a model
specific component DLL

* Pre- and post- model support also available

« Expanded treatment capability
* Treat using many more variables

= “Triggered” treatments (treat when stand reaches
target condition)

* Model specific treatment capabilities
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LMS Menus — Portfolio Open

=10l

Landscape Management System \Portfol |
File Simulstion  Analysis  Portfolio Tools  Window  Help

Ahout Lms. ...

Cascade
Tile:

Arrange Icons
View

v 1 CILMS3 DatalPortfolios\PackForest

Regeneration
Scenario

Treatment

ASCIT Text Editor,.,

Configure...
Edit...

Tables...
Charts.,.,

Flush Cache

Stand... Wiew Log,..

Landscape. ..

Wisualization  »
Chrl+h

New...

Open... Chrl+C Treatment ) Aidd Tnis
Close
Run Scenario ¥
Archiving 3
Prink... ChrHP
Print Setup. ..

LM3 Preferences...

1 C:ILMS3 Data).. . \PackForest

Exit

Ready ’_ '_ I— S

LMS 3.0 is a typical Windows program that operates using a series of menus and dialogs
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Stand Visualization

Stand ¥isualization _ o] x|
- - = % ER_RA_EA 2]
Landscape Management System - C:iLMS3 Data'Portfolios'PackForest “ BR_SILY_CTRL

File  Simulation | Analysis Portfolio Tools Window Help

B BR_SILY_WEST Cancel |

e 3% BR_SILY_DEMO
(SR | 38 BR_s1Lv_DEMO_Z00ft J
Wisualization # “ BR_STEEPLES
-BR_SILY D[ sqd e LEESEERS = ¥ BR_TRI
[+ BR_SILY_DErmo—ron —m
[ BR_SILY_WEST Include:
- BR_STEEPLES “ BR_TRI_Z7 nciude:
SBR_TRI 8 BR_UP_MURPHY I SnagsfLogs
200 8 BR_UP_MURPHY_200ft
i 23?2 % HC_1z00_RD ™| Uriderstory
TPATS (Remove to 75.0 TPA from Below by DEH) “ HC_1400-01
5 B HC_1400-02

e o 4 e rsomesey
- BR_UP_MURPHY_200ft S8 HC_14005RSRY
- HC_1200_RD S8 He_zo00_FIML
- HC_1400-01 % HC_z000_THIN
- HC_1400-02 HC_27_CREEK
[+ HC_1400MRSRY = ﬁ I LI
[+ HZ_14003R5RY
E
[4

H- HC_Z000_FINL
H-HC 2000 THIN l

5¥S - BR_TRI-2000.5vs =0 x|
File Edt Display SWS options Help
BR_TRI - 2000 BR_TRI-2000.5vs

I I

LMS can easily create stand level visualizations using the Stand
Visualization System (SVS, USDA Forest Service). At right is an
example of a stand visualization of the inventory for stand BR_TRI
in 2000.
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Landscape Visualization

Landscape Management System - C:iLMS3 Data'Portfolios'PackForest O 5'

File  Simulation | Analysis Portfolio Tools Window Help

J I Tables... |

T Charts...
5R_siLy_C1 IS
*BR SIVDE e Landscape. ..
[ BR_SILY_DErmo—
[ BR_SILY_WEST
- BR_STEEFLES
=-BR_TRI

L2000

Wisualization b

0

i TPATS {Remove to 75.0 TPA fram Below by DEH)
L.2015

- BR_TRI_27
- BR_UP_MURPHY

- BR_UP_MURPHY_200Ft
[ HC_1200_RD

- HC_1400-01
£
E:
E:
&
E

£ HC_1400-02

H- HC_1400MNRSRY
H- HC_14005R5RY
H- HC_Z000_FINL
H-HC 2000 THIN

I I

I g | andscape Yisualization x|

Year:
oo o e |
Include; cancel |

™ Smags

&Y Envision - [packforest.epj *]
Byl File Edit View Tools Window Help

o
IETEY

[¥ Backgound ¥ Temsin W Surface features [V Vegetation [¥ Overlays [ Objectsets [ Foregiound | Project companents Redraw

LMS can present landscape level visualization using
EnVision (USDA Forest Service). At right is an example
visualization for the Pack Forest portfolio showing trees,

stand boundaries (orange), roads (brown), and streams
(blue).
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Draving time: 24,9 seconds (284736 trees drawn ouk of 284736 total trees)
For Help, press Fi




LMS 3.0 - Treatments

specify a Treatment x|
Treak k5 ificati w0
Select Year: Select Skand: reatment Specification x|
2000 - BR_1300_ROAD & Removal | addiion |
gg?g D PR BRI _ORTH L Remaval Type: Output Record Type:
2015 #-[] BR_B&T_MORTH_200F [ Enable Removal o 9 o e

&[] BR_BETH_1300
-] BR_FEETH_RID
&[] BR_EBETH_RID_Z00ft
-] BR_HIGH_PNT Retain: [g [P =] T velusis o
-] BR_LI_MacC
=[] BR_LONECEDAR

— Treatment Specification:

-] BR_MDway Remove from | gelow ] B =l
#-[] BR_MIDWaY_200ft ~|
P e T,
—aperies Subset: —Diameter Subset;
Seleck a Treatrment(s):
[ Enable I[nch_.de j v Enable
Mame | Description |
ClearCut Remove ko 0.0 TPA From Below by DEH - I o
Minimum:
T Remove ko 150,0 TPA fram Below by DEH

PCT Remove ko 250.0 TPA Fram Below by DEH
Maximum: 9

Ok, I Cancel Apply

| New | | Edit | oK I Cancel |

Users can create and name their own
treatments.
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LMS 3.0 — Table Templates

Edit Template ¥Yalues x|
_ Template Mame:
[l Manage Table Templates x|
El-Live Tres Template Group:
- Zanopy Statistics .
¢ e Raw Inventory II'“"E Tree j hlew
(- Summary Template Descripkion:

Sort Variables:

Mame Restrictions
Data Variables:

[arne | Tvpe | Restrickions | =

Year GENEric Mo

Skand GENEFC Mo

Tree & Live Tree Mo

* Paosition Live Tree Mo ||
| Create ‘ | Load ‘ | Edit | | Delete | " Position Live Tree ha

Species Live Tree Mo

Age Live Tree Mo

DEH Live Tree Mo

DEH Increment Live Tree Mo

Height Live Tree Mo ;I

New tables can be created using the
Create Table Templates Wizard. G| [ e x | _cwe |
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LMS Tables

-inix]
File Edit Wiew Insert Format Tools  TinySheet Data  Window Documents ToGo  Help  Acrobat  LMS Type a quastion For help = = & X
DEHY SRY (I eE-< @=-HAUl@Pows -0 8 2 u|E % LA 2
za. LMS can send tabular output to Excel,

A "Vear

C D E F G J
~|Tree ~|Species «|DBH ~|Height ~|CR

1 DF 181

2000 BR_TRI 17 DF 194 116 055 2.45 365 735
2000 BR_TRI 18 DF 133 87 055 2.44 154 3l
2000 BR_TRI 19 DF 21.3 128 066 245 564 1085
2000 BR_TRI 20 RA 113 87 035 242 104 224
2000 BR_TRI 21 RA ) 52 015 241 34 E7
2000 BR_TRI 22 DF 178 126 055 244 340 B7.3
2000 BR_TRI 23 DF 84 56 035 2.44 45 8.3
2000 BR_TRI 24 DF 1.3 76 045 2.44 60 162
2000 BR_TRI 26 DF 10.6 0 045 244 60 16.2
2000 BR_TRI 26 DF 158 113 0566 244 214 451
2000 BR_TRI 27 RA 9 59 025 2.42 &1 103
2000 BR_TRI 28 DF 178 120 055 244 340 B7.1
2000 BR_TRI 249 DF 243 136 0.65 2.45 741 1448
2000 BR_TRI 30 RA 0.8 B6 0256 2.4z &1 114
2000 BR_TRI 31 RA 8.5 & 015 241 61 1.1
2000 BR_TRI 32 DF 111 72 045 244 60 179

4 4 » H[\Inventory

eehC - |MCW +

67.7
583
504
84.7
118.9
184
14.9
123
3
B8.3
284
175
79.7
65.3
222
505
735
kil
1085
224
6.7
673
8.3
18.2
16.2
451
1048
671
1446
114
11.1
1749

20.7
198
1496
217

23
162
211
154
176
2049
174
158
21.6
208
1685
196
215
176
226
2245
186
206
137
161
156
1893
202
205
24z

20
19.7
1549

95 of 2872 records found Sum=225201.51

LMS has a number of different tables
available. Additional tables can be
added easily.
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Access, or text files. Information
ranges from raw inventory information
to highly summarized information.

=
Edit  Wiew Insert Format  Tools  TingSheet  Data  Window Documents ToGo  Help  Acrobat  LMS Type aquestion for help = 2 @ X
I8 SRY & BER- @ =-2l il -0, B 7 0SS HeoZ
- A ‘year
~ |stand ~|species ~|DBHg «|AveDBH «|TPA  -|AwveHt «|TEA ~|SDI ~|CurisRD ~|TVolPerdcre « :‘
0 BR_1300_ROAD DF 641 624 34857 301 7823 17 3049 1100.6
0 BR_1300_RO4D RA 219 213 29.7 18 0.78 25 05 0
0 BR_1300_ROAD  TOTAL 619 592 37827 291 7901 1752 ] 1100.6
0 BR_RA_E& Eihd 1412 13495 1958 768 21.28 34 57 2801
0 BR_RA_EA CH 15.25 1722 1471 787 2672 386 6.3 4028.2
0 BR_RA_EA DF 20.41 1954 3454 1168 78.47 1085 17.4 16280.4
0 BR_RA_E4 A 10.71 1043 5848 GBS 366 653 1.2 5401.4
[0 BR_FA_EA TOTAL 15.32 1423 12732 833 16307 2525 1.7 30512
0 BR_STEEPLES Bikd 9.28 91 6.8 64.8 319 6 1 3794
0 BR_STEEPLES CH 134 12.93 6.81 748 217 1158 19 936.7
-0 BR_STEEFLES DF 16.1 1469  60.29 898 8528 1245 213 171455
L”J 0 BR_STEEPLES GF 13.14 12.05 4.09 79.8 3.85 6.3 11 7308
0 BR_STEEPLES A 1018 985 7746 635 4382 798 137 5859.6
ob0 BR_STEEFLES RC 12.19 11 2991 608 2426 411 69 24356
2000 BR_STEEPLES SH 18.6 1678 1044 954 2065 296 4.8 b012.8
2000 BR_STEEPLES b 757 751 24.47 345 765 157 28 2258
2000 BR_STEEPLES TOTAL 12.75 1154 22077 694 19558 326.2 B4.8 32762
2000 BR_TRI DF 1478 1393 12696 916 15126 2376 333 26320.7
2000 BR_TRI RA 103 1019 9675 654 5597 1014 17.4 76859
2000 BR_TRI WH 9.49 9.27 7.25 62.7 356 6.7 12 3874
2000 BR_TRI TOTAL 12.94 1225 23046 797 21079 349 bE.6 34354
2000 BR_TRI_27 Eihd 1.4 114 367 2 685 118 2 859.6
2000 BR_TRI_27 DF 15.03 1816 12656 11849 248.96 3852 573 BE251.5
2000 BR_TRI_27 A 132 132 8.66 73 818 151 25 11104
2000 BR_TRI_27 WH 6.75 BE75 1926 49.5 479 103 18 2121
2000 BR_TRI_27 TOTAL 17.34 1614 16515 1054 270.79 3943 65 604641 =
hsummary /L - : Ta 7 0 M Lu—‘

Sum=20838235.33




Fire Risk Analysis

Fire Risk Analysis — The fire risk analysis module includes the Fire and Fuels
Extension (FFE) of the Forest Vegetation Simulator (FVS), the LMS-FFE
Configuration Tool, the Fire Scoping Report, and the Fire Risk Mapper. Analytical
and spatial outputs can be used to evaluate present risk conditions as well as to
compare the effectiveness of simulated fire risk reduction treatments across real

forested landscapes. i
. :
Fie Viow Confgee el . FireScopingReport
|
- O Vewmesas [ Viewos
|7 C:MImstalio2t Ok anoganE xamOkanoganE xam. ms | e | = | p | — | — |
Fire \weather Conditions Classification Bins L) | 50 | [ inid | Strcture | rrrrr |
Severe T Edit ame Al Chans FFE Varisbles
7 _I 28463 28 6.3 > [ | e
Classification Variable Add 86.4169.8 w4 I
Crowning Indes = 16992533 169.9 253.3
R 25343369 2534 3363 prp—— 0 [z Ohieopiien
herm Y Pah: © Vet Pk g n i
Grormth Medal: £
Run I Cancel | Up | Stop Sire: 5
Dowr | [l 2]
A
SRS e

BLELGH

i
N

Developed by Kevin Ceder and Jim McCarter
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Wildlife Habitat Modeling

Three approaches to modeling wildlife
habitat in LMS are used. Habitat suitability
modeling provides an estimate of habitat
quality (an index from 0.0-1.0) and quantity
(i.e. area of the landscape); structure-based
habitat models associate particular species
with forest structural conditions; and
population models provide an estimates of
animal density given habitat conditions.
Habitat suitability models are analyzed to
assess the tradeoffs in habitat units while
structure-based habitat models can be used
to estimate abundance/shortage of structure
types (and by proxy habitat quantities)
across large landscapes over time for
alternative management approaches.

Estimated Elk Densities Under Short Rotation
Staggered Scenario in 2047

Developed by Kevin Ceder
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Carbon sequestration analysis

A life cycle assessment process has been developed to work with LMS, as an
accounting system for forest carbon storage, substitution, and displacement over
time under different management alternatives.

Management of 32 stand with 5 stands treated in 2000-2010 Management of 32 stands with 30 stands intensively managed.
Landscape Carbon - Forest, Products, issi itution by C Landscape Carbon - Forest, Products, Emissi Di: itution by
Component
Stem mRoot mCrown mlitter mDead Hogfuel
Chips mLong-Term Harvest mManufacturing = Substitution Stem 1 Root m Crown mLitter mDead Chips
mlLong-Term Hanvest W Manufacturing - Displacement 1 Substitution
120000
120000 4
100000 4
100000 4
80000 -
” 80000 {
S 60000 2
[ § 60000 -
L L
£ 40000 £
20000 20000
0 0 T
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
-20000 - -20000 -
Year Year

Landscape Carbon - Products by Component Landscape Carbon - Products by Component

O Hogfuel @Chips mLong-Term O Hogfuel @ Chips m Long-Term

25000 - 25000
20000 -

@ [}

£ 15000 4 g

Ly =

e °

3 £

& 10000 - g

5000 -
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060

Year

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050 2055 2060
Year
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Economic Analysis with LMS

Economatic is an easy-to-use economic and financial analysis companion for LMS.
Economatic takes management simulation data directly from LMS and automatically
computes a variety of economic values, including discounted cash flow, equivalent annual
annuity, soil expectation value, forest value, and internal rate of return. Users can customize
costs, prices, tax rates, and other input parameters. Results are summarized at both the
stand and landscape level in a series of tables and charts.

Management of 32 stands with 30 stands intensively managed.

Total Cash Flow Over Time

Scenarlo Name:  [MansgemeniDems $2,000,000 -
1. Instructions 3. Select Options B. View Results
Tutwial ¥ Include SETV Landscapu Summnary
F Include IR = $1,500,000 -
Lonll T Multipls ROR Analysis w E
2. Configure Economatic 4. Run Economatic Discounted Cash Flow <
]
Set Parameters | Run | SEV by stand | S $1,000,000 1
Entii Dperatioms | Export Scenario | FV by stand | E
o
Sel Rotations Chats = $500,000 1
Veruion 1.3
Copyright 20032006
|||||| kg ot 50

Developed by Kevin Zobrist, Jeff Comnick, and Jim McCarter
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Technology Transfer and Outreach

 Demonstrations

* Training Sessions

* Educational Partnerships
» Technical Support




Demonstrations of LMS and
Related Tools

« Staff makes 50+ demonstrations a year

= University classes, scientific meetings,
professional meetings, RTI technical reviews,
interested cooperators, mid-career
professional training, forestry consultants,
landowners, efc.

« Streaming video of presentations available




Training Sessions

« 2004 — 10 LMS training session

« 2005 — 8 LMS training sessions currently
planned

» Small landowners, state agencies, tribes,
federal agencies, WSU extension, etc




Educational Partnerships

« Working with community colleges (WA and OR) on
integrating the use of LMS into natural resource
curriculum

* Cooperative Extension and Outreach
» Washington State University
» Penn State University
= Developing relationships with others

« K-12 interface — working with Yale University, Pisgah
Forest Institute, and Cradle of Forestry in America on
LMS for K-12 students, along with customizations of
LMS for Northeast and Southeast forests.

RURAL Jias, .
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Technical Support

« Working with a number of universities and

community colleges that use LMS as part of their
curriculum.

« Supporting LMS users across the world

= Universities, community colleges, state agencies,
federal agencies, tribes, timber companies, small
landowners.

» Since January 2004: Over 350 CD-ROMs distributed,
1500 copies downloaded from website (230 CD images)

RURAL Jias, .
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Conclusions

 LMS is proving to be a useful platform for
comparative analysis of alternative management
approaches.

« Very useful in educational environments
 Visualizations are powerful communication tool.

« Other analyses (carbon, financial, wildlife) are
becoming increasingly important

« Getting data in has always been the greatest
hurdle
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LMS available via Web

dscape Management Project

icrosoft Internet Explorer

File Edt Yew Favorites Tools Help

D @) &t Qseach [Favorites

“=Back ~

L)

oGo ‘ Links >

9- -0

it s it washingtan edufindes. htm

Landscape Management Project

WELCOME TO THE LANDSCAPE MANAGEMENT PROJECT WEBSITE

Landscape Management Project

SAVANNA

—
o

UNDERSTORY

_‘»

m

DENSE
COMPLEX

UNDERSTO!

The Landscape Management Project is a cooperative project between the University of Washington College of Forest Resources
Sikiculture Lahoratory, Vale University School of Forestry and Environmental Studies, and the USDA Forest Service, Its purpose is
todevelop the concepts and tools needed 1o help forests provide the wide range of values people want - including commodities,
wildlife habitat, fire safety, employment, and carhon sequestration. These values are hest pravided by coordinating the dynamic
changes of forests across a landscape, rather than by ting o provide each or all values continuously on a single area

Last Updated: Mondap, June 10, 2002 1137 Abf

Fle Edt Yew Favorkes Took Help

o - % - D[ A Dmeh aifsors Beede 3 - SR -H -
1) [y e— . =] @0 |wks 7 d - B

N
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Landscape M

Landscape Management System - Download
The following are available far downloading:

LM3 install files are diswibuied a3 Self-exrachng of regular zip fles. Use either Wingip or PEZIF 10 unarchive 2ip files or inspect exe files,
Stoes the aowninaded flas in 3 tamporary diraclary and han run e IRE1AI8GN peogram Jms T setup eus) o instal LS

merdioned in

Hote: The and ¥ are now

LMS Information

LME 20,457 - This is the Iatest relonse of LME 2x This cedease inchudes updates to tables, updates to the Envision
inauface, Scenusiofdilor update, new copy of Envisien (110, and updaed FYS variants. WOTE. The
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