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Why am | here ?

in August 2014, | was in Sac for the ESA conference sitting in on the NVCS mapping session hosted by Todd Keeler-Wolf of Cal Fish &
Wildlife and Julie Evens of CNPS.

This session was covering the state of NVCS mapping in California. | found it quite interesting.

At the close Dr. Janet Franklin of ASU was talking about the future of Mapping and displayed a diagram relating current mapping abilities
to image resolution.

She speculated that modeling individual species cover was 15-20 years in the future.

That really got my attention because we were already mapping, not modeling, individual species cover during our past and present NPS
projects.

I had never really talked much about these species-specific mapping efforts in California and the Park Service staff certainly haven't and
likely won't as they have their own Mapping & Inventory Program.

And so | started to reach out to people with similar interests to see if they were interested in finding out more about what we had
accomplished.

And so here | am.

I love what | do.

1 will try to keep this non-technical, but some technical terms are unavoidable.



Background

e Education

— Forestry Education at UC Berkeley B.S. ‘73 & M.F’75

e Work Experience

— Forest Industry (1975-1989)

* |nventory & Planning Forester >
— Mapping/GIS/Information Development Services (1989-2015)

* Director, Resource Management and Remote Sensing Applications
= Redwood National Park Mapping Project (0513
— Lassen Volcanic National Park Comparative Mapping Project { 06-"14)
— CALFIRE Klamath Province Mapping Project ('92-94 - 18 million acres)
— CALFIRE Timberlands Mapping Project ('90-92 - 6 million acres)
—  Wrangell-5t. Elias National Park & Preserve { ‘04-107 - 18 million acres)

— Katmai National Park & Preserve ( '00-'04 - 4 million acres)

| received my education at Cal with a very well rounded education in Forestry. At this pointin my career
looking back, | couldn’t be more pleased about my experiences at Cal and the education | received. | had
some very noteworthy professors both in and outside of the School of Forestry and Conservation.

I then was quite fortunate to land a job with one of the major forest industries in the redwood region, a
company noted for its progressive approach to managing their timberlands. My position was a new one and
it encompassed some very interesting responsibilities.

| worked in the field and in the office, performed covertyping using stereo photography, wax pencils, and a
zoom transfer scope, and ran the inventory field crews.

I was responsible for training, which primarily involved developing consistency of the data collection efforts
by seasonal staff and the elimination of errors.

Participated in the Early Development of GIS capabilities - justified by integration of data, the value of
"good" information, and the prospects of decreasing, if not eliminating, the odds of making poor or bad
decisions!

Cost = $280K was based on the value of GOOD INFORMATION !

I am a Cofounder of Geographic Resource Solutions

Started performing Image Classification Services back in the early 1990’s when

we landed the Cal Timberlands Mapping (6MM) and Cal Klamath Province (18MM) Projects.

Both were based on the CDFG WHR Classification system, but we quickly found out the generalized methods
taught in school didn’t work well over large areas

And so | developed a means to map cover and tree size as continuous variables



Background

|
o Field Data Collection

* Modeling
— Growth and Yield

— Long-term Yield and Harvest Scheduling
¢ Planning
¢ Remote Sensing
e GIS
¢ Mapping
* Accuracy Assessment

¢ Software Development

Burns, OR 2015

| have been fortunate to have developed experience in a wide range of natural resource
oriented fields

I have also been able to experience first hand some of the problems that currently exist
when trying

to use the mapping data sets that have been developed to represent the natural
resources we are charged with managing.

I have never liked the “seat-of-the-pants” model or the “quick-and-dirty” approach.

| have always wanted data that were meaningful and useful.

In summary, | am a planner, mapper, modeler, developer, and (importantly) a USER of the
various types of resource information for which | was responsible.

| quickly learned to appreciate the value of resource information, the effort necessary to
develop and maintain it,

and how it could be used in resource management and planning efforts.
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e Large area (small scale) standard is a color-coded type map

Inventory & Monitoring

National Land Cover Mapping

Gap Analysis
LANDFIRE

* Lower 48 efforts are based on National Vegetation
Classification System (NVCS)

— Standardized conventions for naming

— Art versus Science
* |acks standards for development of “types”

* No standards for information content

Burns, OR 2015

I have performed considerable work for DOI since 1997 mapping nearly 25-million acres

| am sufficiently experienced with the DOI standards to know that the minimum requirement
is to produce a type map that may have as many as three cover density classes.

All of these mapping projects in are based on the National Vegetation Classification System (NVCS)
This is simply a naming system developed to standardize the naming of different vegetation types.

I have worked on Vegetation Classification efforts, actually analyzing the field sample data to develop Associations and write vegetation
descriptions for both the LAVO and RNSP projects.

Vegetation Classification is not an absolute science and unfortunately, in my opinion, the NVCS does not enforce standards of how types
are classified, but only how they are named.

There are no standards regarding information content.

Vegetation descriptions may contain averages and ranges of species specific information,

but | find maps based on these type names are generalized type maps and are quite limited in their ability to support planning
applications.

No definitions for Barren or Water Types ... any plant life tends to qualify the area as a plant type, no matter how little plant cover.



Database Limitations
1

Type names may not represent all of the components of the type

Tree types may not represent shrub or herbaceous cover that is present

— Shrub types may not represent tree or herbaceous cover that is present

Herbaceous types may not represent tree or shrub cover that is present

Burns, OR 2015

| found that Type level information may be incomplete and misleading ...

We may see this as we look at some of our recent Sagebrush mapping results in just a
few moments ...



Sagebrush Mapp
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e Working with USGS Fort Collins Science Center

+ Efforts based on:

— BLM Montrose District Field Data

* Line intercept

* Line-point transect

— Landsat 8 Imagery

Burns, OR 2015

Current efforts are based on BLM field site data (2013-2015) ...



&
Laramie  Cheyenne 80,
eyenne o 604
{25 Pawmnee —
i National L 75
rest Steamboat Fort %ONIFIS Grassland o
Vemnal Sprnas Greeley Stgjiog
4 a
Boulder e
‘ a
Arapaho B
National Forest Denver
= / Qo
Aurora
White River Breckenridge A
ﬁ“y National Forest 2 w
Grand Aspen COLORADO
Junction e S
Q e COIUF —
'___ﬁ——‘—_"_'_'_'_':_‘__n-—'— ~ .S _ado chard City
— préngs Hotchkiss
San Isabel —
Moab National Forest Gunnison &y
Npntrose Sahda Gorge Crawford
Uncompahgre-—_ = = Pueblo National
National Forest = "o o | g Maher
- oo o i e Olathe
elluride S _—
o Rio Grande —+___ A
National Forest |
San Juan e - M r;Cn}
L i o jontrose \=—.
) National Forest flaosa I e T
ortez
BIHH ot Durango Pagosa Sprngs @
5 1 Trinidad
o
Raton
)
Farmington

The Area of Interest for our current sagebrush mapping effort is located in western

Colorado
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Landsat 8 imagery (bands 6,5, and 3) and Field Site locations



I
§

Cover Pags

EEEEEEEEEE
oomooooOoo
i

Recent BLM field sampling efforts were based on a stratification based on management
practices.

This is a view of 3 field site locations and 2013 NAIP imagery.

Sites were sampled using line-intercept and line-point transects.



Cover

Line-point Transect

%cover = number of covered points
total number of points

The line-point transect methodology is easy to learn/train. In addition, cover computations
are easy.

In 2012 we used a BLM Grant to train and hire Native American HS Students during our
Galena Biomass Inventory Project

and after 2 days of training they worked right along side our botanists.

No hard decisions with this methodology - the results are accurate, repeatable, and
standardized.



Let’s look at some of the data available from the BLM field sites.

Species Cover Totals and Composition represent the first level of field site
detail/information

Values by canopy layer represent a second level of information ...

11



Dbh Size Class:

Species

Crested Whtgrs
Muttongrass
brg Bl
Cheatgrass
Arrowlf Blsmrt
Madwort
Unknown mustar

Totals 0.0 0.0

NO TREE QOVER/Quad Mean DEH TO REFORT

>12.95"

<=l5,95% <=18.

Parcent Cover Summary for Surface Condition Layer:

Site/Polygon Id: 21800
Number of Sites/Pixels: 1

Dbh Size Class: > 4.9
<= 4.95" <= 9.9

Species

NonVascular/Mo
Rock

0.0 0.0

NO TREE OV

L/ Qu

. 8.495%

iR/Quad Mean DBH TO REPORT

95"

>12.95%
<=l5.95"

>15.95"

>15.95%
=18.95"

»18.95"% Tree Non-Tree Total
Cover Cover Cover

moooooooo

1.
1.
1.
1.
20.
1
3
0.

>14.95" Tree Total

Ground layer and Ground conditions
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Percent Cover Summary for Bird's-aye Layar:
Site/Polygon Id: 21800
Number of Sites/Pixels: 1

Dbh Size Class: »12.95% »15.
<ml5,.595% <=18.95
Species
Utah Juniper 3.0 0.0 0.0 0.0 o.0
1.0 0.0 0.0 0.0 0.0
wibrg Blugrs
Cheatgrass
Arrowlf Blsmrt
Madwort
Unknown mustar
NonVascular/Mo
E'Il‘.l‘.s!'
Totals 4.0 0.0 0.0 0.0 0.0
Tres Cover Comp tion Summary for Bird's-eye Layer 4.0 Cover
Dbh Size Class: > 4.95% > 9.95% 312.95% >15.95%
<= 4.95" <= 9.95% <=12.95" <=15.95" <=18.95"
Species
Utah Juniper 75.0 0.0 0.0 0.0 0.0
Pinyon Pine 25.0 0.0 0.0 0.0 0.0
100.0 0.0 0.0 0.0 0.0
Percent conifer compositions 100.0
Percent hardwood composition= 0.0
Most common specie ig Utah Juniper with 75.0 cover

=18, 95" Tree Non-Tree Total

Cover Cover Cover

0.0 3.0 -0

0.0 1.0 .0
1.0

0.5 .5

.0 -0

7.0 -0

1.0 -0

1.0 o

1.0 1.0

3.0 3.0

16.0 16.0

1.0 1.0

3.0 3.0

0.5 s

4.0 0

10.0 .0

30.0 -0

11.0 -0

0.0 4.0 96.0 100.0

>18.95%
0.0 0
0.0 L
0.0 100.0

Bird’s-eye view cover values as seen from above — overtopped characteristics are not

included.
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Percent Cover Summary for All Layesrs:
site/Polygon Id: 21800
Number of Sites/Pixels: 1

Dbh Size Class:

5" = 9.95% »12,95%

> 4.9 >1&, 95" Tree Non-Tree Total
<m 4,95 <m §,95% <ml2,.95% <=15,95%

Cover Cover Cover

Species

Ucah Juniper
Pinyon Pine
Broom Snkewaad 1
pricklypear 1
Mt. Big Sage &
Wy. Big Sage 7
Indian Ricegrs 2
Crested Whtgrs 1
Muttongrass 1
Sandbrg Blugrs 3
Cheatgrass 20
1
3
o
7
0
1

oo
oo
oo

o
B Ol O D e b

Arrowlf Blsmrt

Madwort

Unknown mustar

NonVascular/Mo

Rock 1
Soil 4
Litter 4

CocoUVocODCOoCaONoao

S

Totals 4.0 0.0 0.0 0.0 0.0 0.0 4.0 147.0

wn
-4

Tree Cover Composition Summary for All Layers 4.0 Cover:

Dbh Size Class: > 4.95% > 9.95% >12.95" >15.95" >18.95"% All
<= 4.95" <= 9.95% <=12.95" <=15.95" <=18.95" Sizes
Species

Utah Juniper
Pinyon Pine

ao

75.
25.

Totals 100.0 0.0

Percent conifer compositions 100.0
Percent hardwood composition= 0.0
Most common specie ig Utah Juniper with 75.0 percent cover composition

Total (all layers) characteristics ...
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We can process the field data ... To develop different types of info about a field site,

such as type names and conditions .... All of this info can be loaded into a GIS map layer
and is accessible for processing

15



Type 4400: Arctostaphylos patula Shrubland

Detailed Alliance BirdsEye BirdsEye BirdsEye BirdsEye | Total Total Total Total
Frequency  Average  Minimum M. y  Averag ini i
|species (%) Cover Cover Cover (%) Cover Cover Cover
Pinus leffreyi 25 0.3 1 1 50 0.1 0.5 0.5
Abies concolor 25 1.2 5 5 25 0.4 17 1.7
Cercocarpus ledifolius 25 0.3 1 1 25 0.1 05 0.5
Pinus contorta var. murrayana T T T T 25 T T T
Abies magnifica T T T T 25 T T T
Total tree 18 0.6
Arctostaphylos patula 100 91 85 98 100 927 883 98
Ceanothus velutinus 25 0.8 3 3 50 12 15 33
Chrysolepis sempervirens 25 13 5 5 25 0.4 17 1.7
Total shrub 93.1 94.3
Kelloggia galioides 25 0.3 1 1 25 0.3 1 1
Total herbaceous 0.3 0.3
Total nonvascular| 0 0
Barren - litter 75 3 2 2 | 100 50 4 100
Barren - fine gravelly soil 25 13 5 5 25 13 5 5
Barren - rock 25 03 1 1 25 0.3 1 1
Barren - bare soil 25 0.3 1 1 25 0.3 1 1
Total other| 4.9 51.9
Totals| 100.1 147.1

It is this type of information that supports analyses like vegetation classification

16



Tertiary level ... ARNO4

data are based on

wdividual point cbservacions

cy data are based on treating 2 consecutive points &s an indiv al point observati
3= nt Frequency data are based on treating 3 consecutive points as an individual point ocbssrvati
and so forth ...

Different frequency dis
slope, aspect, elevatic

itions can be generated for any species, type, or envirconmental (site) factor such as
and so forth.

Sh

species code species co

% freg species _code spacies count % freg species code species

132 ARNO 551 100.000000 ARNC4 553 100.000000
641 EL 343 62.250453 EL 486 884267
€45 - 122 5 365 .003616
213 ee KOMA 149 943942
218 59 BOFE S 17.358855
€46 53 L a7 15.732368
221 36 FOSE 71
385 22 B 37 -
203 12z COPA3 30 5.
363 12 AGCR 21 3.7
PHLO2 19 3.
(10 zow(s) affected) PEPU7T 17 3.
BAR 16 2.893309
CHDE2 14 2.531645
M 14 2.531645
ELELS 13 2.350813
{16 row(s) affected)
Burns, OR 2015

(19 row(s) affected)

Recently | discovered a third level of information ... similar in concept to veg classification
but at the point observation levels.

Point observations ... for Black Sage



Tertiary level ... ARTRV

ARTRV Point Frequency Dacta ARTRV 2-Point Frequency Data ARTRV 3-Poinc Freguency Daca
species code species count % freq species_code species count % freq species_code species ¥ freq
134 ARTRV 775 100.000000 134 ARTRV 775 100.000000 134 ARTRV 100.000000
641 EL 508 €5.548387 E41 EL 730 94.193548 €41 EL 100.000000
645 5 .193548 645 46.451612 645 5 935483
646 L 128032 646 18.322580 646 L -032258
213 HOMA £12303 213 HOMR -4E3270
219 EOFE 516129 219 FOFE .612903
220 EOFR -BT0967 1 385 COPA3 +774193
388 COPA3 -T09677 10. 203 AGCR - 000000
203 RGCR - 580845 8. 220 FOFR - 000000
221 POSE - 419354 B.516129 POSE 12.000000
643 M -258064 6.709677 H T.483870
363 -5B0645 4.387096 49 6.322580
209 193548 3.741935 47 6.064516
242 93548 3.612903 43 5.548387
223 THING » 419354 3.354838 39 §.032258
350 LUC, 1.419354 3.096774 35 4.516129
2.967741 3z 4.129032
{16 row(s) affected) 2.322580 28 3.354838
2.064516 25 3.225806
644 1.935483 24 3.096774
207 1. 419 21 2.709677
212 1.548387 18 2.064516
362 1.548387 16 2.064516
14 E0E451
(23 row(s) aff 14 806451
iz 548387
12 548387
11 419354
i1 1.419354
BN OR2013 (29 Tow(s) affected)

Point observations ... for Mountain Big Sage



Tertiary level ... BRTE

species code species count & freq

species code species count & freg

242 100.000000 100.000000 242 BRIE 805 100.000000
646 55.652173 T1.801242 L 83.478260
645 31.304347 46.459627 §7.639751

641 & 20.993788
4.347826 €.8322%98
4.347826 5.714285

ooez2
.341614
.968944

§.223602

1.490683

T T

1.490683
1.490683
1.366459

-490683
.366459
+ 366459
+ 366459

Burns, OR 2015

Point observations ... for Cheatgrass

Many frequency distributions can be generated at many levels of spacing ... based on
many different site characteristics and/or species.



EE=r R

We use all of these detailed field data with the Landsat imagery to develop our resource
information that we will eventually store in our

Resource inventory map data set.

Is there Skepticism about our use of Landsat imagery ?

20



Why skepticism ?

You cannot see these features in the imagery !

That’s right, but we don’t see them in the imagery.

We do not using methods taught at our colleges ... But rather a different approach

21



A Different Approach
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¢ We see them on the ground in the field data that
represents the sites that have been visited and described

Burns, OR 2015

Our approach is different !

We see these features on the ground in the field data set(s)

22



A Di

¢ Independent of a Classification System

fferent Approach ...

* Represents Individual Species/Landscape Features
— Cover magnitude and extent
— Species composition
— Tree Characteristics — dbh, height, stems/acre, and crown area
— Shrub characteristics - height
— Herbaceous and Non-vascular plant characteristics

— Abiotic Features
* Ground Surface Characteristics

* Coarse and Fine Woody Debris

Burns, OR 2015

We relate these field data to distinct spectral signatures we can discriminate in the
imagery.

We use a comprehensive approach designed to collect detailed accurate field data that will
provide

a solid foundation for our inventory and mapping efforts. We integrate all of the field data
into our resulting map data set.
Our approach is ...

Classification independent

Species/Landscape-feature specific



A Different Approach ...

|
— Characteristics by Canopy Laver

* Top, overtopped, pole/sapling near the ground, on the ground, and ground surface
— Characteristics by Status

* Dead, dying, or alive

* Healthy or infected/affected

* Wildlife feature(s)
e Compared to our traditional mapping/inventory techniques
— Easier to implement
— Detailed, Accurate, and Repeatable

— Less expensive

Burns, OR 2015

Our field data collection approach is easy to implement consistently and accurately by staff
of different levels of expertise —

It enables seasonal staff to collect data comparable to that collected by experienced staff.
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Our image classification approach is relatively easy to implement ...

In a nutshell ... we relate each field site to an individual statistically valid spectral signature
and map many, many shades of gray

that represent the different plant communities found in our project area.

After performing all of our quality control processes ... and correcting any spectral
confusion we can develop our output classification maps.

The end result is a map data set that supports the development of many maps and
applications

This next map ...

25
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represents a color-coded map of the General Alliances found in this area.

These Alliances have been based on the dominant/most abundant plant species and the
presence/absence of a significant amount (25%) of other species.
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However, rather than this being simply a color-coded lookup table-based type map, every
pixel is represented by a detailed set of attributes

that describe the plant community characteristics estimated for that specific location.

All of this information enables mapping of different types of plant community
characteristics:
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We can display the sagebrush types, by modifying our legend and blanking out the display

of all the other types.
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= SGrousevix - ArcMap - ArcView
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However, we can generate a different map for sagebrush species if we map Sagebrush
Cover as a species cover component rather than by type. This map represents a different
representation of sagebrush cover and extent than the sagebrush type map. It is not nearly
as fragmented or spatially lacking in its distribution because we are mapping sagebrush
cover for areas that may be other types than a sagebrush type, but they still contain
sagebrush cover as a component of the other non-sagebrush type.

This representation of Sagebrush cover might lead us to develop different plans and
policies than the previous apparently sparsely populated and fragmented shrub cover map.

I would like to suggest that there is a better approach if you are interested in the
presence of sagebrush cover rather than types, as the different sagebrush species
may be a component of other “named” plant communities.

This map actually represents the combination of all 4 sagebrush species.

We can also map the total cover of sagebrush species cover individually ...
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... the total cover of sagebrush species ...
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Fle Edt Vew Bockmarks Inseit  Selection Geoprocessng  Customie  Windows  Help

... the total cover of non-sagebrush species and individual sage species cover ...
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We can also map other species and features ... like Utah Serviceberry or
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Gambel Oak, both of which tend to occur at predominantly higher elevations than do the
sagebrush species.
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Here is a map of Perennial Graminoid cover and
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Here is a map of Annual Graminoid cover ... and
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Here is a map of Bromus tectorum cover ...

We can use these maps to develop other information ...
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Use this data to map Sagebrush Vegetation States ...
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A&B Selection Statements

EOTTT T R— 20X 21

Enter a WHERE clause to select records in the table window. Enter a WHERE clause to select records in the table window.
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We can select records based on cover rules and threshold and update a “State” field to
represent the Vegetative State of a location.

Here are selection criteria for States A & B.



C&D Selection Statements
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Here are selection criteria for States C & D.
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Here is an example of the Vegetation States layer we can develop based on these rules as
applied to the database attributes that have been mapped ...

This is an example State A - rules indicate assign State A when Sagebrush > 10% and
annual herb < 10% and tree cover < 5%
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We can change rules and thresholds ...

State D = < 10% sage and Bromus Tectorum >=75%



The Approach is Highly Adaptable

— New or modified number of classes or class thresholds
* Change Legend Properties

— Type/Key or State Changes
* Modify the Key/SQL programming

« Reprocess the data using the new rules and develop new
type/state names

* Reload the new data into the database tables

* Remap ...

BLM, Arcata CA 2015

A key benefit of this approach is that different results are easily generated as it is easy to

modify/generate new categorical class (State) values based on different rules.
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Discrete Classification Results
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The end result of the Vegetation/Image Classification process is the DCMM data set ...
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Stand/Polygon Development

classification map

¢ Raster pixels are aggregated into stands

¢ Attribute values are derived by computing weighted
average of pixel attribute values within a stand

¢ Type assignments are based upon stand level cover
attribute values processed by the Key

¢ Minimum Mapping Unit Size Limits (MMU) are
implemented with respect to different
vegetation/landscape characteristics

This data set has the same table structure as the field sites

We can use it to perform Pixel Aggregation

The resulting stands have attributes based on the weighted averages of all pixels merged
together into a particular polygon/stand.

We can process the stand attributes to assign Type names

We can implement different MMU values, based on the relative significance of the different
species



Pixel Aggregation =>

_ Stands/Polygons

h

Here is an example of the pixel aggregation process using a display from our recent LAVO
Project.

We use the detailed species-specific cover data to form groups of “similar” and dissimilar
pixels that will eventually form stands, which all meet the minimum mapping size limit.

This figure shows the aggregation results at different levels as we process all the data and
aggregate the pixels into polygons.

(This step can be replaced by using the boundaries created using an object oriented
classification approach, but | think this approach is better as it is based on plant community
characteristics rather than spectral data). It can also be replaced using hand drawn
photolnterpreted boundary linework.
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Again, using our recent LAVO project — this Raster classmap represents the starting point of

the aggregation process...
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Here are the resulting stand boundaries displayed over raster map ...
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This slide shows some of the attribute info at the stand level ...
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This slide shows the Stand map symbolized by Alliance/Landscape feature

For LAVO, 870 classes were generalized to 37 Generalized Alliances
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Raster and Polygon Map Data Set Uses
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— Detailed Alliance & Association
— Generalized Alliance
¢ Map Extent and cover by species and landscape feature
— Can group species by lifeform
— Can group species by major or minor groups
— Can group landscape features by major or minor groups
¢ Map Other Vegetation States and Characteristics
¢ Map woody debris values — dry tons/acre
e Map tree size, trees/unit area, structure, mortality, ...
e Perform Accuracy Assessment based upon stati ical

The resulting Stand Level Map Data Sets have numerous uses ...

They meet the NVCS Type name requirements, but in addition can be used to map:

The extent and amount of cover of different species and landscape features,

A Vegetation State,

Size characteristics,

And other characteristics, such as estimates of woody debris and biomass by size class ...

Lastly, accuracy assessments may be undertaken using statistical tests rather than “fuzzy
logic”.

Let’s look at some examples ...
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So How Did We Do This ?

¢ Our mapping/information development methodology
has evolved over the last 25 years

— Information Content
— Field Sampling Methods

— Data Processing Tools

Burns, OR 2015

Over the past 25 years our mapping methodology has evolved from it's original form as it
seems like we encountered new challenges and processing obstacles.

Initially it was lack of Memory and disk space

Had to be creative ... Like stuffing 5 different data items into the different bits of one 32 bit
integer so | didn’t exceed the computer’s memory ... (simvals)

A mB of memory was $1K

It took 10 days to perform classification of one image, something that takes 15 minutes on
this laptop;

A 2 gB external drive costS4K.

Our approach evolved with respect to the information content, field sampling
techniques, and data processing tools to take advantages of the changes in technology
that have occurred.
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Key Elements of the Process
|

¢ Resource Inventory Data Model
¢ Field Data Collection and Sample Design

¢ Discrete Classification Mapping Methodology

— Verification/Confirmation of Ground:Image Relationships*

¢ Pixel aggregation into polygons and calculation of
weighted pixel value averages to represent stand
values*

* Includes some GRS software customization

So now let’s look at the key elements of our process (See slide) ...
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Resource Inventory Data Model
I —

landscape features that comprise the plant communities and
landscape features we are mapping

— By size — diameter and/or height
— By canopy layer/position including the ground surface

— By status — alive, dead, stunted, ...

¢ Cover values represent the continuum of cover

e Cover values support the assignment of a “type” or a “class”

“If we don’t collect and retain details we cannot map them!”

We use a different data model based on collecting and storing species or landscape feature

specific cover estimates by size, canopy layer, and status.

Splitter and then a lumper !
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Resource Inventory Data Model
I —

¢ Resource Inventory field data is linked to each individual

¢ Discrete Classification links the Resource Inventory field
data to individual Classification Map pixel classes

e Stand/Polygon Map Data Set is based upon weighted
average of field data that are linked to the different
pixels that comprise each individual aggregated stand

* The same basic data model is used for field sites, DCMM
classes, and stands

¢ The same basic data model is used for Accuracy
Assessment e

Resource Inventory data are developed for/represent the individual field sites

The Discrete Classification Mapping Methodology links the Field Sites data to individual
Pixel Classes

The Stand values are based on weighted average of Pixel Class values

The same basic data model is used for field sites, DCMM classes, and stands
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Resource Data Accessible Through ...

|
e Main table xxxX - (xxxx=field sites, DCMM Raster, or DCMM Stand)

— XXXx_cover table

— xxxx_fmonavg table

xxxx_alttypes table
— xxxx_treedata table

¢ Joins/Relates of these additional tables are based upon
— site_id (field site tables)
— gridval (dcmm raster tables)

— stand_id (dcmm stand map tables)

The data structure is somewhat similar to the DOl PLOTSv3.2 but extends to the raster and
stand map data sets too, instead of just the field data.
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At the stand level the database table relationships look like this
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* We need field site data that are:

Quantitative

Species/feature-specific

Layered

Comprehensive

ACCURATE

* Estimates

* Location

Burns, OR 2015

Past projects have used DU, NPS FirePro, ANHF, ABR, RA/Relevé, Aerial, Ocular, transect

We often use multiple types in the same project — for example for the Tonsina projects we
used NPS FirePro, WRST aerial, GRS Transect and ocular, and BLM Transect data.
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Field Data Collection Methodology

— 50to 100 points
— Vertical sample at each point

— Identify Point characteristics - ‘-'_ NG FIEL

D METHODS
NG THE FOREST

* Species

+ Tree diameter and crown diameter

* Status - living or dead
* (Canopy Position
— 4 layer designations for vegetation
— Abiotic ground surface characteristics

* FireMon Woody Debris Transect

— Variable spacing dependent of predominant lifeform

— Trace species along “buffered” transect

My preferred method is the Line-point Transect ... it was recently recommended by the
Food and Agricultural Organization of the UN as the “most scientifically accurate, easiest-

to-use, and most cost effective” data collection method of the four they evaluated.
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Cover

Line-point Transect

%cover = number of covered points

total number of points

Example diagram ...
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Transect Confiqurations

FA\

A
-
Q?%.
3
3

Tronsect

Typical configurations — designed to fit sample area.

We will use a linear transect for narrow riparian areas.

We will also use a square or rectangle.

Like the closed loop as it samples all aspects of the contour of the field site going both
across and with the contours if there is slope.
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Field Data Collection Methodology

— Cover by species/feature and canopy layer
e By size ?
* By status ?

— Total Cover

— Type

— Average diameter/size and range

— Ground surface characteristics

— Trace species

Alternate methodologies — ocular or rapid area assessment — these are the main
techniques we have used in most of our AK projects.

However, when you use these techniques there is no way that someone will be able to
accurately describe the different species-specific cover components by layer, so my
preferred method is the line-point transect.
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Field Data Collection Methodology

— Cover by species/feature
e By size ?
* By status ?

— Total Cover

— Type

— Average diameter/size and range

May be all that the project can afford !

We will use this technique if it is the only means available.

| have never participated in a project yet where the ecologists didn’t always want to collect

more data and there was always too little funding available for them to do so!
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Improve Sampling Efficiencies

* Field data collection is major project cost (> 50%)

* Transportation time to/from site is a major component of
field data collection effort and cost (> 50%)

Let’s preprocess the project area and allocate samples so that
we only collect data at “valid” necessary field sites.

e Perform a comprehensive sampling effort
¢ Eliminate collection of redundant data

¢ Eliminate collection of erroneous or unusable data

Another key Field Data Collection element concerns the field sample design and
improvement of field data collection efficiencies.

If funds are limited (which they nearly always are) then we must be able to collect as much
of the “best” data as possible with the limited resources we have.

See slide ...
Emphasize:
Eliminate collection of redundant data

Eliminate collection of erroneous or unusable data




Field Site/Area Characteristics
e ——

« Homogeneous distribution of their characteristics
— Single type

* Accessible

* Large enough
— for an adequate sample
— to locate in the field

— to distinguish from neighboring types

* Normally Distributed Image Data

We look for areas that meet these requirements...

One of our RNSP botanists ... “why did you make us hike two miles to sample an area when
that type was also by the parking lot ?”

Because the close site was not large enough to provide a suitable spectral sample. Areas
are picked to serve multiple purposes, not just for the vegetation classification.




Field Data Collection Results

|
— Montrose = 164 Field Sample Areas

— GRS Field Sampling Experience - Comparable or lower cost of $200/area
including all costs and overhead

For each of these projects we collected data at over 400 “ground truth” sites at an average
total (fully loaded) cost of about $200/site.
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Field Site Allocation Methodology

- sefled m Faem il
uliu a wdiiviuua

— Stratify the Project Area
— Develop a Candidate Site Database
— Refine the Candidate Site Database
¢ Field Sample Plan Development and Administration
— Rare classes
— Small classes

— Common classes

Based on ...



Perform Image Stratification

* Develop veg isodata classification map

- MLand MD

¢ Develop non-veg isodata map

— MLand MD

* Overlay to merge isoclass data and build final isodata
stratification map

¢ Develop map with 150-250 classes/strata per image

Highlight processes on slide ...
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Landsat imagery for the project is classified to develop a stratified data set ...
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Note the homogeneous areas ideal for field sampling.
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Field Sites already selected ....

These field sites were not selected using our image stratification and therefore, a high
percentage (~45%) of them were located on areas that lie

In a mixed area or along an ecotone.
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Pure samples are ideal for relating the field data to the imagery.

74/134 were in pure areas while the other 60 were on mixed areas.

Not all vegetation classes were sampled and some (most frequent by area) were sampled
more than they likely needed to be (redundantly sampled class)

While other classes were likely undersampled.
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* Histogram provides number of pixels by class

— Identify most common classes

— Identify rare classes

e Estimate Average Size by Class

Highlight processes on slide



From Katmai NP Project - heterogeneous mix of classes for the basis of the stratification
while imagery looks somewhat uniformly GREEN and BLUE



a ladawsi lavmmncd mmmblmitmeie mvmme ol amale alace s caddiom ~ ~
¥ IUCTIUTY 1Ial FEoL LUTILIFUUUS > I Salll Lidd>> WY ST d
minimum size threshold for sample areas

* Determine missing or rare classes
— Those having less than 5 sample areas

¢ Add additional candidate areas to supplement scarce or
missing classes by lowering the minimum size limit until a
sufficient number of the largest size areas of each class
have been identified

This enables me to ...



Reclass ‘Too Small’ Areas to ‘0’

Filter out areas too small to sample leaving only the larger homogeneous areas




Characterize Candidate Sites -
Freguencx‘Countz bx Class
iSO_ClaSS freq pl):els ave_size
13001 56 5699 101
13002 2 8497 4245
13003 175 22232 127
13004 =13 10802 112
13005 44 4262 S6
13006 64 6561 102
13007 428 73239 171
13008 87 17090 196
13009 393 77351 196
13010 278 37048 133
13011 =1u] 9730 i08
13012 25 60551 2422
13013 176 27261 154
13014 130 16639 127
13015 10 192441 19244
130186 104 18261 175
13017 138 19150 138
13018 20 1809 (=]n]
13019 56 6002 107
13020 148 245485 165

We can develop a summary of pixels/area by class which indicates numbers (freq) and
average size.

Use this to identify rare classes or classes of small average size.



Vectorize and Label Candidate Areas

We then Vectorize the grid and Label the filtered candidate areas with their Class #



The Candidate Training Site Database

Contains ...
|

* Land cover class value

¢ X,Y coordinates

* Area - number of pixels

e Slope, aspect, and elevation
e Scarcity flag

e Smallsize flag

We populate specific area attributes for each candidate area.



Generate Plots and Field Maps

We can then create and plot field maps ... useful for planning purposes and for selecting
other alternate nearby areas, if sampling plans cannot be followed.



Candidate Site Selection Criteria
1

¢ Minimum number of samples per class

e Access

¢ Distance traveled

e Scarcity of class

* Proximity of candidate training sites to each other

¢ Sampling efforts dispersed across the entire project area

| consider these attributes when selecting candidate areas and ...



Sampling Plan Development and
Administration

&
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L1}
v
]

<
j=2
)

— Identify needs for scarce classes first
— fulfill daily plan using nearby areas of common classes

— fulfill overall plan requirements with other needed classes
e Annotate field maps
e Monitor progress

¢ Update plans and schedule

... building daily and weekly sampling plans.

We can then use all of these plans to monitor our progress, track our results, and modify
our schedule, if necessary



A B [ D E F G H | J K L M N 2]

1 Date: 13-Oct-08 KS

2 't groun aasite ld aa 8 an (dE) lat lat min _lona lonn min ssnect slone slev f man TRStart  TRInt TRAzls

25 1064 AA3ES0 40 26440 121 33479 209 67 8961 0sw 670

26 1064 AAZTTO 40 26433 121 33485 212 67 8879 0 SE 9 T-300-60-180

27 1064 AAS03 40 26:301 121 33569 183 3% 3246 0 SE 9 T-300-60-130

28 1064 AA1037 40 26074 121 33280 142 kil 8066 05w 9740

29 1064 AA12590 40 26024 -121 345 236 n 7636 0E 6 T-240-360-120
30 1064 AA202 40 25299 AN 33423 208 9 7429 0 WIE 12 T-60|T-240

3 1065 AA353 40 30434 121 26338 85 3% 6832 0 N 6 T-120-240-360

3z 1065 AA4189 40 303%2 121 28320 83 40 6783 0 SE & T-300-60-180

33 1065 AA4134 40 30406 121 28249 336 18 6616 0 swW 970

4 1065 AA1282 40 30482 121 28020 21 7 6478 0 sw 1270

35 1065 AASTE 40 30492 121 28000 48 9 6472 0 sw 1270

36 1065 AA17868 40 30514 121 27503 165 z 6393 ow 6 L-50@90

7 1065 AA32T4 40 30503 121 27364 167 2 6353 0 SE 6 L-50@330

38 1065 AA1900 40 30549 121 27432 111 T 6452 0 SW 1270

39 1071 AA18354 40 32283 121 350 210 58 7092 0 sw 1270
40 1071 AAT1662 40 32290 121 31104 185 67 7183 0 Nw 12 T-120
41 1071 AAT1M5 40 32324 121 3169 239 47 7160 0 NE 6 T-180
42 1071 AA3183 40 3232 121 31190 265 36 T167 0SwW 1270
43 1071 AA14T06 40 32376 121 31103 26 36 7223 0 SE 12 L-25@285-25@355
44 1071 AA3699 40 32407 121 31182 304 22 TI74 0 SW 1270
45 1071 AAIT1 40 32358 21 32006 297 24 6462 0 SW 1270

46 1072 AA105 40 34238 121 20464 309 3 8292 0 NWISE 126 T-120-240-360(T-300{occ)
47 1072 AA218 40 34372 21 21001 330 29 7866 ow 12 T-60-180-300
48 1072 AA290 40 3153 121 21049 13 16 7961 0 NwW 12 T-120-240-360
48 1072 AAZ000 40 34022 121 21298 260 40 T587 ow 6 T-60-180-300

50 1072 AA1695 40 33317 121 21440 227 33 7078 0E 6 T-240-360-120

§1 1073 AAZE1 40 019 -121 16524 292 16 6294 0 NE 12 T-180-300-60

52 1073 AA21 40 32129 21 17151 8 1 6258 0sw 1270

53 1073 AA14T 40 32119 121 17183 326 9 5268 0WE 12 T-0[T-240-360-120
54 1073 AA13T 40 3247 121 17443 M9 4 6183 0sw 670

55 1073 AAMTI 40 32290 121 17420 292 4 6180 0sw 670

56 1073 AsdE64 40 32356 121 17403 301 2 6176 ow 6 T-50

57 1073 AA1354 40 32370 121 17374 307 2 6180 ow & T-60

58 1074 AA3914 40 28479 121 30378 203 44 9043 0 0 0 OCCULAR?
39‘ _— Tosrr:eff?uggnm_ed, 7 40 29029 -121 31059 252 44 8617 0 I{- —t 3 T-120-240-360 -

We can then print the plans and schedules for the field crews and assign groups of sites to
specific field crews.

Plans now include all necessary info describing the layout of the transect — starting point,
configuration, azimuths, and spacing.

We load the coordinate data and target_id values in this schedule right into GPS units



Plots and Field Maps

Field maps are annotated by field crews to show sampling plan.

Field crew can add their own notes as they visit sites and implement the plan.




Maintain Field Site Database

hat we have sampled

hat we still need to sample

Burns, OR 2015

Now on to the next key element of our methodology — Discrete Classification
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Different Mapping Approach

— Determine where different plant communities & landscape
features exist on the ground

- Sample them

— Evaluate the imagery to determine if we can relate those plant
community/landscape features to distinctly different spectral
patterns present in the imagery

— Map the different features based on those relationships

“We don’t try to “see” the vegetation in the imagery.

We see it on the ground in our field data.”

See slide ... emphasize “Ground up” rather than “Sensor down”

This is a critical concept/difference between how we develop the map data sets and how
others do this. We don’t try to “See” the features in the imagery.
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screte” Classification

‘\D

e Map shades-of-gray rather than distinctly different classes

¢ Use confusion and “mapping fidelity” to verify the shades-of
gray represent the continuums of related plant communities
and/or landscape features

— Can be performed using any image processing package, asitisa
variation of supervised classification techniques.

* Needed to find a vendor who would increase the number of classes
that could be identified. All were limited to 255 — the maximum value
of 8-bit data.

We then developed a classification method we call “Discrete Classification.”

It involves a 1:1 correspondence between our training areas and our spectral classes.

This approach maps many shades-of-gray that represent the multi-dimensional continuum
of landscape and plant community features found within each project area.



Training Approach ...
/7
e Each Training Site is a Spectrai Training Ciass

— Limit statistical range of spectral statistics

— Build training sets with many, many classes that have small
statistical variances

— Process training sites as individual classes rather than by
clustering them by some categorical value

— Can limit application of training class data using area masks to
represent different ecoregions

— All training class data are available in each class map until
excluded through operator intervention

Review slide ...



Example from USGSSM project of two field sites and their spectral training area polygons.
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Class Scatter Plot -_

Name: 4631je_4btm.tif: 0
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b
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We review the spectral data collected for every field site — and verify that we have
generated spectral signatures with small variances

How do we know we have created good relationships between the field sites and the
imagery?

93



Training Site Evaluation -

Are These Good Relationships?
I —

¢ Spectrai/Confusion Report
— Good versus bad confusion
* Fidelity Report

— Training areas classify correctly

We have two ways to verify we are mapping shades-of-gray and eliminating confused
training classes



Spectral/Confusion Report

¢ identify potentiaiiy confused sites
— Statistically close signatures
¢ Review site characteristics
— “Good confusion” verifies the validity of the confused sites

— “Bad confusion” indicates a potential classification problem that
needs resolution

First, we generate a Confusion Report — in which we can identify “GOOD” and “BAD”
confusion.

We will need to resolve the sites that indicate “Bad confusion.”
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Spectral/Confusion Analysis

Confusion examples — we review similarity of vegetation characteristics of confused sites.

We use these related sites to verify we are recognizing shades-of-gray of slightly different
different types —

or verify “We have a PROBLEM, as indicated by BAD confusion” between completely
non-related different types.



* Do we get the same attribute values ?

— Compare vegetation/land cover characteristics to determine
suitability of “match” between field data and classification
estimates

We also review the classification results to determine how well a training areas is classified.
We review the degree of “self-classification” of an area and the training area’s calculated
(weighted average) attributes for the area compared with the actual field data values
collected there. Are they the same or is it different? Significant differences indicate data
migration away from field estimates due to infiltration of the training area by dissimilar
classes. This infiltration of different classes is due to BAD confusion.



Fidelity Report

D E P G H ] K L Bh BN 80 BP B
Type Self plwoe]
Trset trsite_id typeNuml Match  Match  %Sell  count cale_class cv_ARNO4 ov_ARTRT cv_ARTRV cv_ARTRW cv_AMUT cv CHDE o MAFR cv_Qf
10029
versionl_mi 10030 W M L] 0% 45 Atv-Sr-Aucshrub/HONG-Kmeherd 0.8 0 175 01 13 (] o
sage_mi 10030 245 M m 4% 37 Atv-Sr-Auzshrub/HOXX- Kmcherb 0.8 o 175 0.1 33 []
[Sage_md 10030 2345 m_ | N % 12 Atv-An-Aushrub/HOX-Km:herb 53 o3 7.8 14 34 0.2 L3
TrainingCalc'd 10030 2345 1 Atw-Se-Aucshrub/HOXK- Kmcherh o o n (1) 3 [
10030
10030
[Version1_mi 10031 47 M M 4% 29 An-Au-Atwzshrub/HOXP-Km:herb 6 (1] o E] 3 ] a
[sage_mi 10031 w7 M '] W% 29 An-Au-Atw:shrub/HOXP-Km:herb 3 0 3 (] 0
[sage_md 10031 W47 M ] B4% 26 An-Au-Atw:shrub/HOXP-Km:herb 5 o 21 25 31 (] 05
TrainingCalc'd 10031 147 1 An-Au-Atwzshrub/HOXP-Km-hert 6 0 0 3 3 (]
10031
10031
versionl_mi 10032 343 M "M 100% 3 Atv-Og-Aushrub/HOXK-Ppiherb [ o bl o 5 0 o
[sage_mi 10032 35 M m 100% 3 atv-Og-Auwshrub/HOXK-Ppiherh 0 o n o 5 o o
[sage_md 10032 345 M m 67% & Atv-Og-Aushrub/HOXK-Ppcherb [ o 14 o 33 o o
TrainingCalcd 10032 2345 1 Atv-0g-Aaxshrub/HOKXX- Pp:herb o o n o 0 o
10032
10032
version1_mi 10033 n4a M M 100% 20 An-Au-Atv:shrub/HOGP-Pihert 10.4 06 o
[sage_mi 10033 s M L] 75% 15 An-Au-Atvishrub/HOGP-Plhert 3.9 0.6 o
[sage_md 10033 FICTR ] N 0% 4 An-Au-Atv:shrub/HOGP-Piherb 71 L6 o
TrainingCalc'd 10033 2144 1 An-Au-AtvshrubfHOGP-Piherl 11 ) 0

On a site by site basis we review and identify significant differences of characteristics where
the weighted average values are deviating from the field estimated values. When data are
migrating away from the ground truth values it is due to spectral confusion with sites that
have different characteristics.



If There Are Confusion Issues ?
1

— Significant deviation of site attribute(s)

¢ Training site data are acceptable after problems
have been resolved, otherwise ...

— Correct bad data
— Reposition

— Retrain

— Reprocess

— Review

We resolve these issues as best we can ...

See slide ...

Sometimes we find problems in the field data collection efforts.

WRST example — consider site 71606 which was originally called a White Spruce site ...



This Woodland White Spruce type was confused with several Black Spruce types

In the Fidelity Report cover values migrated from PicGla to PicMar cover

What the heck ? We tried all sorts of retraining approaches but none resolved this
confusion.

Finally went back and looked at data sheet!
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Low and behold !

The botanist had indicated she might have miscalled the species and that it might be Black

While the botanist was uncertain, our QC processes identified the problem and indicated a

need to correct the species to resolve it !
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Discrete Classification Results
1

— 170 classes

The DCMM map was comprised of 170 pixel classes.

We need to transform these classes into stands that all meet the Minimum Mapping Unit
size limit(s).
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The Discrete Classification Map
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Here is the resulting pixel classmap symbolized by alliance

So how do we build the stand map.

Key reason people use eCognition and gave up on this type of approach.

However, recognize that Segmentation has been around since 1980’s — nothing new.
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Pixel Aggregation =>

Stands‘Polxgons

We use the detailed species-specific cover data to form groups of “similar” and dissimilar
pixels that will eventually form stands, which all meet the minimum mapping size limit.

(This step can be replaced by using the boundaries created using an object oriented
classification approach,

but | think this approach is better as it is based on plant community characteristics rather
than spectral data).

It can also be replaced using hand drawn photointerpreted boundary linework.
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Ecological Rule-based Pixel Aggregation

|
e Tha claceifiod mival fe o chimkiiing fin o cdum &t amtt oo
¢ iIne ciassitiea pixei is a stratuim iin a stratitication

e Each stratum represents a distinct set of cover, size, and
species descriptions that are based on field site data
collection efforts or other data descriptions

¢ Polygons are formed by grouping areas that have the
most similar or related vegetation/landscape
characteristics

¢ Iteratively process data until all polygons meet minimum
mapping unit size limits (MMU)

Each Pixel Class = stratum

Each Pixel Class has attribute values

We group pixels based on the similarity of their values

We continue grouping pixels into groups of pixels (stands) until all groups meet the MMUs



Rules Similar to Vegetation

Classification Processes
|

¢ Generate distance vectors to represent stand differences

— Species presence/absence as indicated by the number of
coincident species relative to total number of species

— Magnitude of species cover value differences as indicated by the
root mean squared cover deviation for all species

Can also use:
* Tree size
e Cover by lifeform

e Other characteristics

Similarity is based on a distance vector, just like Ordination

The smaller the vector, the more similar the stands being compared.
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Minimum Size Mapping Unit
I —

¢ Can have different MMUs for different characteristics

e Can vary based on degree of similarity - the concept of
similar vs dissimilar characteristics

— Desirable limits — higher MMU

— Critical limits — lower MMU

See slide ...

We do not want to merge dissimilar areas, if we can help it.



Generation of Stand Values
1

¢ Maintain a count of pixel ciasses by individual stand

¢ Generate the stand values by calculating the weighted
average of the pixel class values

* Generate stand categorical estimates by processing
discrete estimates using software (Key program) and sql
statements

We can generate a frequency distribution of the different pixel class values that comprise
each stand.

We develop stand cover estimates by simply calculating the weighted average of the
different pixel class values

that comprise each individual stand.



Pixel Aggregation =>

Stands‘Polxgons

=

The process is iterative and looks like this if we interrupt it and map the intermediate
results as we process the data.

The end map (left bottom) is the one map in which all stands meet the MMU limits for the
characteristics of that stand.
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Our Methodology ...

- fe tamd m smimm b o ia
T e D TIVUL A TETNULE KT

]
mapping methodology but
detailed, quantitative, and

Inventory

e ...is an integrated approach that has the potential to fulfill
the needs of many different users that include ecologists,
foresters, botanists, wildlife biologists, fire scientists,
resource planners, and any others in need of this type of
resource information

....-.A.I...
LI

I
ather a means of developing a

iSing im
ra
comprehensive Natural Resource

e ...can reduce budgetary problems and constraints by
addressmg and satisfying multiple project needs W|th n
integrated approach S

Burns, OR 2015

{read slide}

Not a remote sensing approach

Integrated ...

Can reduce pressure of budgetary constraints ...
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The Resulting Discrete Classification

Map Data Sets Provide
I —

* A solid foundation of resource information for

Inventory

— Monitoring major and minor changes

Analyses

Planning applications
— Modeling applications

¢ A color-coded NVCS type map and summary info

— Make these data products by-products of the process
rather than the main, sometimes only, products!

In summary, this Discrete Classification map data set has many benefits relative to the
traditional generalized approach.

Let the generalized color-coded type map be a by-product of this mapping process rather
than the main product.

These detailed map data sets will likely form the basis for monitoring the gradual changes
in some species that may be occur associated with future climatic changes.
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The Question is ?
|

* How long is it going to take before we start using

processes that improve the information content of our
natural resource map data sets?

¢ Hopefully not 15-20 years!

¢ The Remote Sensing\GIS vendors don’t know enough
about ecology and resource inventory to develop such
capabilities on their own.

— Ecognition, ESRI, and Hexagon = “Can’t do this”

* You (Users) need to ask for/demand these type of data
be developed instead of just “type” data.

¢ The Future can be Now!

My opinion is the vendors are now mostly massaging interfaces and providing new ways to
access their software ... as the analytical GIS tools we have been using haven’t changed in a
long time ...

GIS/Remote Sensing staff and Vendors won’t magically provide these new types or levels of
information to you (users) until you (users) start to ask/demand these type of resource
information.

However, based on our efforts, we don’t need to wait any longer to have
species/landscape-specific estimates.
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