CREATION OF AN N-DIMENSIONAL SPATIAL DATABASE
INSTEAD OF A STATIC MAP

Andy Lister

USDA Forest Service
Northeastern Research Station
Forest Inventory and Analysis

The USDA Forest Service’s Forest Inventory and Analysis Unit (FIA) collects information
on the trends in and condition of the Nation’s forests. In addition to tabular reports, maps of
forest attributes are produced. Risk maps are of particular interest, because managers,
policymakers and scientists require them to make decisions about investments of personnel
and money used to mitigate and respond to risks of things like fire or pest outbreaks. Nearest
neighbor estimation methods have been used by FIA for several years. We have developed a
methodology to implement nearest neighbor methods to create an n-dimensional map of
forestry data that can be summarized at will to create a single static map. The most striking
advantage of this spatial database over static maps is its flexibility — the user can populate and
summarize the database quickly and efficiently using a simple lookup table to create a static
map based on the users’ requirements. The current presentation will focus on a brief over-
view of nearest neighbor methodology, and present the database construction technique. The
pros and cons of the technique will be discussed, using a dataset from the Northeastern United
States as an example.
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Nearest Neighbor Tools in
Leica Imagine
Software

Andrew J. Lister

USDA Forest Service
Northeastern Research Station
Forest Inventory and Analysis

Rationale for needing classified maps: plot
stratification for variance reduction

> 400,000 photointerpretation points

Workshop Proceedings: Quantitative Techniques for Deriving National Scale Data



Nearest Neighbor Tools in Leica Imagine Software

K-Nearest Neighbor

Plot data from known
points get imputed to
unknown points
based on spectral
similarity

Band 2

Band 1

K-Nearest Neighbor

Plot data from known
points get imputed to
unknown points
based on spectral
similarity
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Band 1
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Overview of Approach to KNN

Prepare inventory data

plotid x coordinate y coordinate forest/nonforest volume

Convert to ESRI shapefile

1 435602 883325 1 2000 Qo ©
2 435602 883816 1 185 ©
3 435605 883994 1 333
4 435611 884789 1 1800 —» [6)
5 435616 885009 0 0
6 435617 885809 0 0 [6)
7 435622 885846 1 555 (]
o Extract values of predictors with plots to
o ..
;o o create training data set
|
(? | : o) |
! [ Lo \ plotid  Pred.1 Pred.2  Pred.3
[ S N N 1 39 101 187
P Predictor 1 2 224 > 29
I
P . —> 4 186 105 179
[ o : PredICtorz 5 33 29 242
1 o ! . 6 240 47 121
T T Predictor 3 7 194 110 193
(] I' N 1
Generate plot to plot Euclidean distance matrix, then rank
plots by distance
plotid
plotid 1 2 3 4 6 7 rank _1 2 3 4 5 6 7
1 0.00 196.71 158.52 147.27 90.80 218.34 155.38 1 1 2 3 4 5 6 7
2 [196.71 0.00 77.85 84.62 193.36 119.68 74.95 2 5 7 7 7 1 4 4
3 158,52 77.85 0.00 53.38 186.21 142.47 38.68 _> 3 4 3 4 3 4 7 3
4 |147.27 8462 53.38 0.00 182.08 98.20 16.88 4 7 4 2 2 3 2 2
5 90.80 193.36 186.21 182.08 0.00 240.45 186.77 5 3 6 6 6 7 3 6
6 [218.34 119.68 142.47 98.20 240.45 0.00 106.16 6 2 5 1 1 2 1 1
7 [155.38 7495 38.68 16.88 186.77 106.16 0.00 7 6 1 5 5 6 5 5

With this information, it is simple to recode the plotid

with the level of the attribute of interest (volume,
biomass, forest/nonforest, etc.) and conduct
summaries for different levels of K
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Nearest Neighbor Tools in Leica Imagine Software

final map = majority
landuse (or average or
median volume) found
at a pixel location

e.g., for k=7 there are 7 layers across all 7 layers
in fuzzy output

Real example of KNN

Bartlett Exp"_l' ntal’k
| i ; * -_1,' o

A

1% s

-437 0.1 ha square plots
- 200 meters apart
- Basal area of all live trees recorded by species
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Real example of KNN

Step1: Buffer the points

Here, | chose 42.5 meter buffer to approximate a 3x3 pixel window.
There is some new thought (a la Ray Czaplewski) that it might be
sensible to resample the image to new, larger pixels centered on

the plots. Pros and cons for discussion.

Ma. Yiewer #1 : buffer_of_bartlett_modelling_data_joinedatisSHpau
File Ufiity Wiew AQI Wector Raster Help

FPEDEHS@@EN=+ 8 (WA

Real example of KNN

Step2: Select attributes,

I Allrimiles for buller_al_bartictt_modeliing daba_joinedatis shi

LR
Lohiid
Fced |18

ke AOI’s,

e ‘_Iiuua

S
| wima
raes
« 0O

o

fa[e=]2 collect signatures.

Flle Edit View Evaliate Feature Classify Help

=1olx|

= 0O jd =+ Z WME VA

[ Class [ ShraweNane | Color | Red [ Green | Bz [Value [Oider 4]
1| [ JTsss 0.203] 04, 03m] 1
2 [ [Tass 2 038 o2 oim 2
El S 1000 0000 0128 3
4 [ [Clss 4 057 0341] 02| 4
B [ [Tasst 0162 0663 0362 &
& [ [Class® [ I )
7 [ JCass 7 0505 0000 0085 7
8 [Tiase 05% o023l a1zl e

|

|create New Signature(s) from ACT

Yoo |a| e fw]r =
4
B af
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Nearest Neighbor Tools in Leica Imagine Software

Real example of KNN

¥ signature Editor (No File) 10| x|
File Edit Wiew Ewvaluate Feature Classify Help

B0 s/ T Mk VYA

A\

Class it || | Signature Mame | Color | Red | Green | Blue [ffalud | Order a|

1| [Class 1 I o0203] 0436] 033 1 I

2| [Class 2 I 0242 n240]  0ag 2 2

3| [Class 3 I foo0f o0oo0f oaze 3 3

4 [ [Class 4 I 0517 0341 0299 4 4

B[ [Class 5 I 0182  0.ee8[ 0362 5 5

B[ [Class 6 I 0= 0o00[  o.2z0 B 3

7 [ [Class 7 I 0009 0000[ 0085 7

8 [ TCiess 8 B 05| 0023 0% \/I _Bl;l
4 I I »

|Create Mevs Signaturels) from ACL A

iy Attributes for buffer_of_bartlett_modelling_dats _einedatts.shp In effect you
’
File Edit

Record I

Wiew Help

have a lookup
table. The value
you predict in
your kNN
classification is
actually plotid,
which actually
represents the
entire plot record!

Real example of KNN

- Select bere iy the
Signacure: Clasa 1 | et T ’ I e
Numher of pixela: 14 - et here f pousint e
| ———— Ty —— the beud [E3 Microsoft Excel - sigreport_tc_stack_outputd.tx:t
Layer  Mimimum  fadmum Hean Sugma gt g c
) : 866 53 - __I I ] Fle Edit Yiew Insert Format ook Data Wi
2 95,000 110,000 100,143 6. 620 b _
3 65.000 119000 97.14) 12083 ]m“wﬂm o gl - -|B 7y =
3 iiowi ems: cmnse e DEEHG SRy FBR- | o
& 101,000 117,000 109,589 1,999 > e - s
T 51.000 #5000 57,478 4363
8 117000  134.000 135,143 4,065 st g 1.7, e il e, B rebs i AlB] ¢ [ b [ ETEF
s 113.000 1z8.000 122.214 4.526 sl serad e k. sl ar: Tor Wler W ¥ o w8 | 1 |id Layer Mimimum Maximum Mean Sigma
promisitoie i pielinircty (2] 1 1 49 79 BO.S71 9.019
ragar , - SRR r e L o El I 9% 118/ 108143 B.82
1 LEPELE] -55.000 -120. 626 st Thi 8 i 1 3 &9 19| 97.143/ 13883
] -55.000 43.024 20,440 i - (5| 1 4 67 82 73.288 4795
i “;2-::: :g-:;: ‘3:-:\:? 16 1 5 125 138/ 130823 371
M 26,890 18,451 40,374 7 1 B im 117/ 109,829 4,999
& -0 15,01 30,011 sl 17 51 B5 57.423) 4.383
T &.050 -5.0398 -10. 01 (9] 1 8 117 134/ 125143 4.865
: '::'3:: f:-g:f f:‘;:g (10| 1 9 113 128/ 122214 4526
g Moeed S n 1] 2 1 51 77, 66583 8723
(12 2 2 95 109 99833 3.639
13 2 3 72 105 B4.563 10.766
(14| 2 4 74 85 60.333 4.007
15| 2 5 ikl 139 1385 276
(16| 2 [} 96 109 102 4.369
17| 2 7 48 60 58.083 6171
(18] 2 8 106 121 114167 426
18] 2 9 a3 125 110667 11.452
(20| 3 1 83 95 95143 2349
21| 3 2 a4 101 98266 2.164
22| 3 3 53 64, 57.071 2589
23| 3 4 107 128| 113.671| 7.377
(24| 3 5 178 198 16842686 6.666
(25| 3 6 96 103 101.071 2.303
26| 3 7 101 128/ 116,643 9.196
27| 3 8 132 165 144,143 6.602
28| 3 9 jiic) G4 72266 6324
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Real example of KNN

Step4: Once you’ve removed undesirable signatures, classify your
image using “Fuzzy Classification”, with the plotid code as the value to
be predicted.

s, Supervised Classification il
Output File: [*img) ¥ Output Distance File
kepurified_keqd knn3img (2 | Bilrenies (i

Aftribute Dptions. . I It33tackcpurified_keq3_kn = |

(:?@assification I 4 3: Best Classes Per Pixel >

Decision Rules:

Mon-parametric Rule: I Maone ﬂ

Hwverlap Fule: IParametric Fiule j
Chose 3 neighbors

Uhclassified Fule: IParametric Rule ﬂ

using a heuristic —
how well do Parametric Fule:
various levels of k

Minirum Distance

. [ Classify zeros = Use Probabilities
classify the
points? ok | Bach | 40l | Cancel Help

Real example of KNN

Step5: Take the classification output, apply lookup table and produce a
map of any attribute in the original database that can be associated
with a plotid (total ba, ba of red maple, percent damage, species
richness, etc. etc. etc..). This is done by recoding the knn output..

i, New_Model
File Edit Model Text Process Help

BEOEHS &§ & & £ 4

Clagsification output (k layers)

nl_t3stackcpurfied_keg3d_knn3

Summarization function (mean, median, majority, etc)

ummarized output file (basal area, volume, landuse code, etc)

n3_t3stackepuified_keq3 knn3_outputk3
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Nearest Neighbor Tools in Leica Imagine Software

Real example of KNN

Recoding can be done by simply copying and pasting the lookup table
value column into the recode dialogue box...

ita. Raster: nl_t3stackcpurified_keq3_knn3

File Mame: [*.img]

IlSSlackcpurified_keq3_knn3.img = | =

I~ Prompt User for File at Bun Time
Here are the plotid values that
reference real data; these are
the valu euﬁpgf the pixels in the
k layer map-

[ata Tvpe: IUnsigned 16-bit 'l

Here are the values of
one attribute from the
plot database that |
want to display in a
map... total basal area

File Type: IThematic 'l
= lariore I 0.0000 3 if1 Stats Caleulation New Yalue: I 1
Y

| & Recods Data

" Dor't Aecode Data

[~ Tempaorary Raster Ornly Ilnteger 'l
0k I Cancel Help

Real example of KNN

Output: The image visually represents spatial heterogeneity of
biomass on the landscape.
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Real example of KNN

Output: Numerically, the values are underpredicted in the upper and
overpredicted in the lower tails.

Modeling Dataset

Test Dataset

Predicted basal area (m”2/ha)

100

y =0.6x + 16.8

@
S

o
=]

IS
o

w
S

IN]
o

y=0.3x + 28.3
[ R*=02
| RMSE=7.4 . .:' . -
* * * -
o ‘et
: S

o

Predicted basal area (m*2/ha)

40 60
Actual basal area (m”*2/ha)

0 20

o

80 100

20 30 40 50 60

Actual basal area (m*2/ha)

70

All data are those that remain after the anomalous signature removal procedure

Real example of KNN

Confidence Maps: Can create using a distance image, or a variance
calculation on the stack of k layers, all with simple models.

Original Image

Mean Distance

Variance of Basal Area
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Nearest Neighbor Tools in Leica Imagine Software

Summary — Why might Imagine’s KNN be

WN =

(<203, |

good for risk mapping?

. Intuitively easy
. Flexible
. Already built into Imagine — most operations are point and

click, copy/paste; easily customizable

. Allows you to assess model outputs both numerically and

visually

. Creates intuitive confidence maps
. Most excitingly, by creating a stack of k maps with pixels that

are labeled with plot id code, one can apply a lookup table to
the stack of maps and create a map of any attribute associated
with plotid.

Summary — Why might Imagine’s KNN be

-_—

BAD for risk mapping?

. Intuitively easy, but is it too easy? Oversimplistic?

Flexible, but does it tempt you to make maps of things with no
functional relationship to the “predictors”?

. Already built into Imagine, but by automating a process, do you

run the risk of becoming a robot?

Allows you to assess model outputs both numerically and
visually, but do visual assessments blind you to the true utility of a
map (ugly maps can be useful, pretty maps can be useless)
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For Additional Information:

Andrew J. Lister
alister@fs.fed.us
610.557.4038

USDA Forest Service
Northeastern Research Station
Forest Inventory and Analysis
11 Campus Blvd., Ste 200
Newtown Square, PA 19073
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