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The Alaska Four-Phase Forest lnventory
Sampling Design Using Remote Sensing

and Ground Sampling
H. T. Schreuder, V. J. LaBau, and J. W. Hazatd

Abstract
A four-phase sampling ntethod using Landsat, high-altitude
color infrared photographv, Iow-altitude color infrared pho-
tography, and ground samples was tested in interior and
coastal Alaska from 1982 through 1986. Ratio and regression
estimators were applied using variables at the rentote sensing
plroses as covariates related to variables of interest measured
on the ground. The four-phase sampling strategy ltielded
more efficient estimators in coastal Alaska's more heavilv
timbered area than in interior Alaska's highly heterogenLous
vegetation complexes, Advantages and disadvantages associ-
ated with each of the phases of the study are presented, as
well as a general evaluation of the entire systen.

Introduction
Inventorying and monitoring Alaska's vegetatiort requires
major effort.  Alaska has 151 mil l ion hectares of land, inland
lakes, and r ivers within i ts borders. Over B0 percent of this
area {1,21, million hectares) is estimated to be forest and
rangeland (USDA Forest Service, 1989; Waddell  and Oswald,
1989). Ecosystems vary greatly over the state, ranging from
maritime temperate conifer forests in southeast Alaska,
where t imberland can carry more than 1,500 cubic metres of
wood volume per hectare, to tundra at the northern extreme.

The Forest Service is responsible for inventorying the
timber resource of Alaska. The first timber inventorv in
southeast Alaska, beginning in the early 1950s, used 1:
40,000-scale vert ical black-and-white photography. These
photos were acquired by the mil i tary and were f lown simul-
taneously with larger scale oblique black-and-white photog-
raphy (Anderson, 1956). The t imber inventory of interior
Alaska began in 1960, with 1:5,000-scale black-and-white in-
frared photo strips flown at 4O-kilometre intervals (Haack,
1962). These photo strips formed the frame for sampling for-
est vegetation across interior Alaska. One of the very early
inventories incorporated aerial stand-volume-table measure-
ments in an extensive timber inventory (Allison and Brea-
don, 1960; Haack, 1963). Results of these inventories were
reported by Hutchison (1967).

Between 1965 and 1978, t imber and vegetation were
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general ly inventoried with medium-sr;ale black-and-white
panchromatic photography, using a strat i f ied two-phase sam-
pl ing dcsign (Bickfbrcl,  1952). In 1!177, with the acqtr isi t ion
of statewide small-scale photography (U-2 and RB-57 f lown),
color infrared photography was used for strat i f icat ion in dou-
bie sampling for strat i f icat ion with good success (Hegg,
1984). Since the mid-1970s, satel l i te-borne sensors have
shown considerable promise for use in vegetation inventories
(Kuuse la  and Poso,  1975;  He l le r ,  1975;  NASA,1976:  Hof fe r
et al. ,  1979: Walker et al. ,  lg9zt IJSDA Forest Service,
1983b; Hame and Tomppo, 198Z). Sur;h a sampling approach
commonlv used Landsat MSS for strat i f icat ion into t; lasses
such as forest, barren, water, etc.

The objective of this studv was to develop and test a
sampling strategv that predicts the area, volume, and net
growth of Alaska forests from regression or rat io est imators
using ground inforrnation as truth (Jt) ancl remote seusing in-
formation as covariates (x). The Forest Inventorl ,  and Analy-
sis units require a 3 percent al lowable estimation error per
4A4,685.64 ha (mil l ion acres) of t imberland and 10 percent
al lowable error per 28,317,ooo m' '  (bi l l ion cubic feet) of
growing stock.

Methods

A New Four-Phase Design
In the early 1980s, the Forest Inventory and Analysis project
in Anchorage began test ing a new four-phase mult iresource
inventory system. The project used Landsat MSS (LS) im-
agery, high-alt i tude (1:60,000-scale) color infrared photogra-
phv (unl),  low-alt i tude (t:3,000-scale) color infrared
photography ( lae), and ground plots. This system also used
recent enhancements in remote sensing ( i .e.,  newlv devel-
oped aerial stand-volume tables) to gather data and informa-
t ion about Alaska's inaccessible t imber and nontimber
Vegetation.

The new system was named the "Alaska Integrated Re-
source Inventory System" (atius) (LaBau and Schrer-rder,
1983). The sampling design evaluated information col lected
on circular sample plots of B hectares systematical ly located
on (r) a S-ki lometre grid on Landsat imagery, (2) a 1O-ki lo-
metre grid for high-alt i tude color infrared photography, (3) a
20-ki lometre grid for low-alt i tude color infrared photography,
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Figure 1. AIRIS four-phase sample grid
intervals

and (a) a 4O-kilometre grid on ground plots (see Figure 1). '
Plot centers for all four phases were at the grid intersections.
The type of information collected is shown in Table 1. Vi-
ereck and Dyrness (fggO) developed the vegetation classifica-

rStr ic t ly  speaking,  the design used is  four-phase sampl ing wi th sub-
sampling because thc ground piots are subsampled for many of the
var iables of  interest .  But  th is wi th in-plot  var iabi l i ty  p lays a minor
role in est imat ion,  so we iqnored i t .

Tnere 1. SurvrvnRy or lruroRunrron MEasuReo oR OBSERVED AT EAcH oF THE
FouR PHASES rrrr AlRlS.

Phase List of information measured or observed

tion system and it was modified for remote-sensing
applications (USDA Forest Service, 1983a).

In order to assess the applicabi l i ty of the four-phase in-
ventory design to a variety of vegetation condit ions, i t  was
tested in two very different vegetative ecosystems of Alaska.
The two areas selected were the Tanana River basin and
southeast coastal Alaska. The Tanana River basin has a bo-
real forest ecosystem, located between 62 degrees, 50
minutes and 65 degrees, 50 minutes north latitude in interior
Alaska. The southeast coastal Alaska area has a temperate
rain-forest ecosystem, located between 55 degrees and 60 de-
grees north latitude.

The f irst part of this studv was conducted in the 13.47-
mil l ion-hectaie Tanana Riverbasin durinq the summers of
1982 and 1983 to evaluate AIRIS on a wide range of interior
Alaska classif icat ion groups. Next, ArRIS was used in the
11.2-mil l ion-hectare southeast Alaska coastal area durine the
summers of 1gB5 and tgB6. In southeast Alaska, the large-
scale nominal photo scale was changed from 1:3,000 to1:
7,000 to lessen the hazard for low-flying photo aircraft in
rough terrain.

We recognized that satel l i te-based remote-sensing sys-
tems l ike Landsat MSS were being improved and replaced.
Landsat's Thematic Mapper (rlr,l) (Hame, 1987; Naugel et al.,
19BG) reportedly gave better results than MSS. The French
Spot System (Begni ef 01., 1g86) seemed to improve classif i-
cation accuracy greatly for small areas. But by the mid-
1980s, the TM system and data set were not developed
enough for our extensive Alaska inventory system. spOr had
not vet been launched.

AIso, exist ing computer hardware in the 1980s did not
have the processing capabil i ty fo accomodate the enormous
database associated with higher resolution imagery. For very
Iarge areas, such as the Tanana River basin or southeast
Alaska, we had to manipulate the MSS data in pieces to han-
dle the large amount of data.

The Landsat MSS data were georecti f ied to 1:63,360-scale
1S-minute USGS map sheets which are standard for Alaska.
The approximate number of ground control points per image
was 50. A third-order polynomial equation was used in the
coordinate transformation. The imagery was classified using
the modif ied cluster block approach described by Fleming ef
aL. (t}zS). Using this approach, cluster statistics were caliu-
lated for a mosaic of recognizable sub-scenes. The cluster
stat ist ics were calculated using an isodata clustering algo-
rithm in an "unsupervised" mode. After the training statis-
tics were deflned, a maximum-likelihood classifier riras used
to classify the sub-scene mosaic. The cluster classes were la-
beled and the cluster statistics were modified using ground
ref'erence information, terrain data, and other ancillary infor-
mation. The modif ied stat ist ics were used to classifv in en-
tire scene. The modified statistics were further refined to
produce the first-phase data set. Aerial photos were then
used for general verification.

The 14-scene Tanana MSS data set was geocoded to three
Universal Transverse Mercator (urvt) zones. The 12-scene
southeast Alaska MSS data set was divided into seven subsets
covering three tiTM zones. Landsat MSS and HAp photography
were purchased. Low-altitude aerial photos were acquired at
20-ki lometre intervals with a combination of a radio-based
navigation system (ouncn and roRRN) in interior Alaska and
visual controls in southeast Alaska. Visual controls were
more satisfactory in overflying and photographing plot loca-
tions. Aerial stand-volume-table alsorithms were develooed

Landsat

High al t i tude
photography

Low al t i tude
photography

Grc.rr,rnd plots

Percent of 8 hectare plot in various classification
groups (ler,'el 1 and 2)

Percent of 8 hectare plot in various classification
groups ( level  3)
Elevat ion
Universal transverse mercator
Desc r i p t i on  o f  c l ass i f i ca t j on  g roup  edge
Distances to various physiographic features

[water,  roads,  c i t ies,  etc.)

Percent of I hectare plot in various classification
groups ( level  +)
Fol iar  cover of  c lassi f icat ion groups
Stand s ize c lass of  c lassi f icat ion group
Understory component of classification group
Crown diameter of trees
Heights of trees and shrubs from stereo photos

(paral lax neasurement)
Ground land use

The standard set of forest inventory variables, in-
c luding t ree species,  d iameter,  heights,  damage
classes, understory vegetation description,
wildlife habitat features, fuel Ioading summary,
soils description, etc.
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Tlere 2. Esrrvnreo PencerurncEs FoR SELEoTED CLlssrrrcnrror.r GRoups ttrt EACH oF THE FouR PHnsrs.

Tanana River Basin Southeast Coastal Alaska

Classification

Needleleaf
Broadleaf
Mix Vegetation
Herbaceous
Barren
Water

Number of plots

Ground

41.2
2 3 . 8
1 2 . 4

5 . 8
1 4 . 8

1 . 8

B 7

Ground

3 9 . 0
3 3 . 4

6 .6
5 . 1

^13.2

2 . 7

3 2 5

3 1 . 1
36.2
1 5 , S

4 . 2
L1.,4

1 . 8

1.29'1.

34 .0
2 " r . 9
1 6 . 3
1 0 . 3
1 5 . 9

1 . 6

4B .B
" t4 .8

.4
2 . 5

31.4
'1.7

4 9 . 1
1 3 . S

1 . 0
1 . 8

J I . D

2 . 6

2 2 6

A n  a

"t6.4

. 1

. 8
3 2 . 9

2 .4

9 1 9

46 .8
10 .8
o.o
7 .6

3 1 . 9
2 . 9

3 708

for use in estimating volumes from the large-scale photos
(Mead and Setzer, 1984; Setzer and Mead, 1986). The se-
lected ground sample plots were visi ted and measured for
the variables of interest.

Estimation Theory
Regression and rat io est imators for four-phase sampling were
der ived  (L i .  e t  a1 . ,1984;  Schreuder ,  1981) .  Th is  scheme uses
covariate information lrom the three remote-sensing phases
and correlates it with relevant ground information. The infor-
mation from the three phases is then combined with the
ground information by using three double sampling with ra-
t io or resression estimators. The three estimates of the same
parameter are pooled by combining them with appropriate
weights w, ( i  :  1, 2, 3). Li et al.  ( tsa+) compared weights
based on the estimated variance-covariance matrix and the
estimated variances. The more complex estimator based on
the estimated variance-covariance matrix was more eff icient,
but the simpler estimator is preferred when computational
simolici tv is desirable.^Within 

the regression framework are three regressions
for the LAP, HAP, and LS phases. Each is combined with the
ground-based in lo rmal  ion

y ,  -  o t . r , ,  I  b ,  , , ,  Xr  r r , , .

_y ,  -  o r r . r r ,  *  b , , . r , ,  XHa ' i .

and

y ,  -  o , r  r  b ' r  x r . s i .

where 1r, is the value for the variable of interest on plot i ;  x-

1.np;, Xs,11,;,  and x,, . ,  are the corresponding covariate values on
plot i; and o and b are estimated regression coefficients. The
regressions are then used to vield estimates

i,  :  No, .r ,  I  b, , , '  Xr.rr ' .

l ,  :  No,,-,o + brr^r, XH.rr ' ,

and

i, : Ndr, + b,,. xrr,

where N is populat ion size and x,. .r , , ,  Xprp,, orrd xr. arc the
large sample eitimates for the covariates from LaP, HAP, and
LS, respectively. These estimates are then combined with
weights wl, w'2,, and w,, as discussed earl ier, into an overal l
est imate:

t : w , i , + w , ? , + . . i , .

We used the inverses of the sample variances as weights, so
the variance estimator (Li et al. ,  1984) is

s* :2* , '

Selecting Good Covatiates
Deciding on usable covariates for this study was one of the

most dif f icult ,  and init ial lv misunderstood, aspects of the

study. We wanted to use iegression estimators that assumed
good relat ions between the covariates and variables of inter-

6st, but such good relat ions often do not exist.  We found i t

clifficult to measr.rre covariates that were highly correlated
with variables of interest assessed on the ground' I t  was most

dif f icult  with Landsat. Some vegetation types, with both low-

ancl high-alt i tude photography, were also dif f icult  to assess.

A worst-case example is t imberlancl because classifying t im-

berland is even su6iective on the ground, part icularly for

marginal si tes.
Another problem with covariates was that some data

variables wer-e "fbrced" into discrete rather than continuous
values. Variables such as classif icat ions of forest tvpes, cover

class, ancl stand-size class produced many percentage values

that were 1o0 at one phase and 0 at another. It only took a

few such occLlrrences to result in poor correlat ions.

Results and Discussion
The fbur-phase sampling design was used in two very dif fer-

ent parts of alaska. We wil l  discuss each sampling phase in-

dependently and then summarize the ut i l i ty of the entire

design.
Table 2 indicates the accuracv of RIRIs remote-serrsing

estimates of what was found on the ground. The table gives

estimated percentages of classif icat ion groups observed at

each of the for-rr phases. A comparison between estimates

shows that, in both survev units, proport ion of classif icat ion

groups in al l  phases of remote-sensing agreed-quite closely

ir i th^th" gtound proport ion for the barren and water classes,

There is i  foi t i l ,  ion.sistent trend in estimating needleleaf

vesetation in southeast Alaska. In the Tanana River unit ,

however, the proport ions estimated for needleleaf on HRp

and Ls were 25 and f z percent below the ground estimates'

We presume this occurred because open conifer forest lands

were classed as mixed or other nol l-needleleaf vegetation.
Estimates of proport ions for the southeast coastal Alaska

phases were genelally closer between grgLrryl and remote-

iensing phases than were estimates for the Tanana River ba-

sin. Thi i  was probably because the vegetation in southeast

, { , h  : ;  [ t  
-

where

r y  ( w  -  r y )  I  ( I t -  , ) ] ,
4 i

W z i l
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Classif icat ion
group

Tlsrr  3.  R2 Vnrues ay Slvpre PHASE AND Cussrrrcnrroru Gnoup wrrH
GRouuo Estrv l r rs.

Southeast
Tanana River Basin Coastal  Alaska

ues in the rows and columns. This is because our regression
sampling computes estimates for each cell.)

The only comparable inventory estimates were made in
the early fOOOs (Uutchison. 1967). Total area, only 2 percent
dif ferent, was comparable: 13.73 mil l ion ha ((es.sss mil l ion
acres) in the 1967 report and 13.99 mil l ion ha (34.56 mil l ion
acres) in the AIRIS re-port. Estimates of total forest land were
only 3.9 percent dif ferent: 8.39 mil l ion ha ((20.73 mil l ion
acres)  in  the  1967 repor t  and 8 .73  mi l l ion  ha  (2 I .s7  mi l l ion
acres) in the nrRIs report.

Major differences existed, however, in the estimate of
timberland which is defined as forest producing, or capable
of producing, 1.40 m. per ha (20 cubic feet per acre) per
_year. The 1967 report showed 1.9b mil l ion ha (+.e: mil l ion
acres) of t imberland, but the ArRrS report showed onlv o.59
m i l l i o n  h a  ( 1  . 4 7  m i l l i o n  a c r e s ) ;  t h e  e b r l i e r  e s t i m a t e  w a s  t h u s
3.2 times as large as the AIRIS estimate. Some of this differ-
ence was the result of different approaches to evaluating pro-
ductivity of the sites. Ther'e may also have been a slight
difference in definitions used. But the AIRIS estimates ao-
peared to have underestimated timberland, based on a iecent
inventory of a port ion of the Tanana River basin. The more
recent inventory (van Hees, 1984) provided an estimate of
0.89 mil l ion ha (2.19 mil l ion acresJ of t imberland from the
5.50 mil l ion ha (13.6 mil l ion) acres of the most productive
port ion of the Tanana River basin. This inventory, completed
in  1975,  showed 2s t ,3B4 ha  (720,000 acres) ,  49  percent
higher than the AIRIS estimate.

AIRIS did not sample rare r iparian balsam poplar acreage
on t imberland because of the small  Rround-sample size. Stan-
dard  er ro rs  were  no t  unreasonab ly  h igh .  g iven  the  re la l i ve ly
small  sample size associated with various cel ls in the table.
The nonforest sampling error was small  because of the many
plots that fel l  in that class.

Estimates of volume (m'r) and standard errors (Table 6)
were generally reasonable. The large amount of volume in
the white spruce-other forest class was a surprise. Almost 52
times as much volume was in noncommercial white sDruce
stands as in white spruce t imberland (Table 6,).  Over twice as
much noncommercial volume is in white spruce as in black
spruce. These comparisons have not been made at this scale
before, so further study is needed before qeneral conclusions
can be  a t temoted.

The standard errors of the estimates ( in m3) Iooked rea-
sonable upon comparing the standard error estimates for area
(Table 5) and considering the very small  ground sample size.
The reason for the large standard error associated with non-
fbrest land is that l i t t le volume exists there. and the volume
present has a high degree of variability.

Growth rates of 2.7 percent for t imberland (Table 7)
were sl ightly higher than expected, but, because of the low

LAP HAP Landsat LAP HAP Landsat

Needleleaf
Broadleaf
Mixed Vegetat ion
Herbaceous
Barren
Water

o .78  0 .54  0 . "17
0 . s7  0 .48  0 .05
0 . 6 7  0 . 1 0  0 . 0 0
o . t i z  0 .24  0 .00
0 .99  0 .97  0 .7 t1
0 .96  0 .81  0 .03

0 .98  0 .80  0 .5 t i
0 . 55  0 .41  0 . ' 1  B
0 .09
0 .02  0 .00  0 .34
o .B9  0 .93  0 .85
0 . s4  0 ,92  0 .80

Alaska is more homogeneous and, therefore, gives better con-
sistency in est imates from the remote-sensing phases. The
correlat ions of remote-sensing information with ground
measurements by classif icat ion group (Table 3j were gener-
al ly good for the class cal led "barren" for al l  remote-sensing
phases. The correlat ions for the water class were general ly 

-

good, except in the Tanana River basin for Landsat.
General ly, correlat ions for Landsat vegetation estimates

were low, except for needleleaf forests in southeast Alaska
(0.56). Low f l '  values for both mixed and herbaceous vegeta-
t ion in southeast Alaska are probablv due to low sampling
intensit ies. This can result in an unsatisfactory range of val-
ues for the variables. Low correlat ion of HAp with ground in-
formation in the Tanana River basin can be attr ibuted to the
inabi l i tv to photointerpret part icular vegetation characteris-
t ics observed on the ground. Highly heterogeneous vegetation
patterns, often the result of f i re and permafrost, can cause
s o n r e  o f  l l r i s  c o n f r r s i o n .

Some of the most disappoint ing r;orrelat ions of est imates
by general land class (Table a) came when we tr ied to pre-
dict the t imberland acreage, which is a basic stat ist ic re-
quired in lbrest inventory and analysis reports. The
correlat ions between LAP and HAp with sround values in
southeast AIaska were more acceptable. We attr ibute this to
the higher prevalanr;e of t imber i i r  southeast Alaska than in
interior Alaska. Area, forest volume (m,,),  growth (m,,),  and
associated standard errors were estimated. Al l  tables of est i-
mates and standard errors are presented by six forest type
categories (black spruce, white spruce, balsam poplar, aspen,
paper birch, and nonforest) and by three land-use classes
(t imberland, other lbrest, and nonforest) for the Tanana River
basin. Tablc 5 summarizes estimates of area and standard er-
rors bv forest type arncl ground-checked land use. (Such stan-
dard errors, expressed as a percentagt: of the estimated totals,
can be misleading i f  the estimated tolals or sample sizes are
smal l .  I t  a lso  shou ld  be  no ted  tha t ,  fo r  Tab les  5 ,6 ,  anc l  7 ,
row and column totals mav not ref lect the exar;t  sum of val-

Tnarr 4. R2 Vlrues ev Snvpre PHnsE lr,,to GeteRnl LcNo Crnss wrtH GRour.to Estrrr.lntrs

Tanana River Basin Southeast Coastal Alaska
General  land c lass LAP HAP Lant lsat LAP HAP Landsat

Tinrber lancl
Soflrvoocls
Hardra,toods
M ixed  vego ta t i on
Nonlbrest

0 . 3 8  7
0. t i90
0 . 3 4 5
o . 6 7 7
0 .908

0 .268
0 . 2 2 9
0 . 5  1 6
0 . 1  0 5
0 .803

0.400
0,204
0 . 0 7 9
0 .001
o .474

o .522
0 . 9 1 4
0.9t i i i  *

0.9t i2
0.9t i6

o . 7 2 2
o.759
0._* *

0.B5ti
0 .85  7

0 .350
0 .52S
0 .005
0 .588
O.5BB

* High corc lat ions havc to l r t ;
percent .
**  Values cannot be t ;omputecl
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intensity of the forest land sample, no dead trees were sam-
pled so the net growth had no mortal i ty factored in. Thus,
the figures in these tables are higher than the normal net-
growth summaries, which have mortal i ty removed. Growth
rates in the f irst inventorv of interior Alaska were about 1.S
percent after the effects oT mortalitl' were remo\,,ed (Hutr;hi-
s o n .  1 9 6 7 ) .

Aspen had the best growth rate. The growth rate of bal-
sam poplar was surprisingly smail  compared to other growth
rates. The total growth estimates for paper birch, which were
about half  of the other growth rates, is of interest and needs
further study. The standard error est imates (Table 7) were
consistent with those found in the volume estimates (Table
6), with the possible exception of the di lTerence in total vol-
ume for paper birch.

Assessment of the Sampling Design
A major advantage of the Landsat phase is that frequent and
complete coverage of the populat ion was general ly avai lable,
although we spent much t ime assembling the needed infor-
mation. The area can be mapped using the Landsat MSS data
so that historical information on the area of interest is avai la-
ble. Potential complexit ies in implementing an1, sampling
design can be considered early on by studving this map and
the mapped database can be related to the inventorv infor-
m a t i o n .

One big disadvantage of using Landsat tr , lSS data in this
regression framework was the complexity of the process,
which included screening imagery needed to select the total
set of avai lable scenes; deciding whether avai lable scenes are
useful;  training personnel to handle and interpret Landsat
data; registering the scenes; deciding on what anci l larv data
might be useful in interpreting Landsat data; evaluating the
results for logical integri ty; classifying the entire scene and
all  B-hectare plots; matching up the Landsat locations with
those for the three other phases; and acquir ing priori ty use of
a large computer. Classifying vegetation for rough terrain,
such as in coastal Alaska, also presented problems.

One of the greatest handicaps in this study was the l im-
ited avai labi l i ty of a large, dedicated computer. The amount
of data avai lable on the Landsat tapes was so enormous that
the computing power avai lable *ai l imit ing and caused con-

TnarE 5. AREA AND StlnonRo ERRoR or EsrrvnrE tN PERCENT (tN
PnRerrresrs) ay Fonrsr Type lNo Gnouruo Lnr,:o-Use Cuss, Teunt,l RrvrR

BrsN, AIRIS SrRnrrneo Foun-Pnrse Srvple. Besr EsrrvnroR.

TnerE 6. Nrr Voruvr (M3) AND Sulro.qRo EnnoR r.,r Pencenr ( ll
PARENTHESTS) Bv FoResr Typr nno GnouNro LcNo-UsE Crnss,  Tarunrun RrvER
BASTN, AIRIS SrRnrrrrEo FouR-PHnsE Srvprr ,  Besr EsrrvnroR Aotusreol .

Forest  Type
Total

Ti r rbcr land Other F 'orest  Nonforest  volume

Est imatecl  net  volune (n" l

1 , 068 ,229  27  , 137  , 016B la r ; k  Sp ruce

Wh i t e  Sp ruce

Balsarn Poplar

A.spcn

B i r ch

Nonforost

t 7 s . 6 l

0

11,414.806
( 6 8 . 5 )

4 ,795 ,27  4
[46 . s )

0

t99 .8J ( 3 5 . 0 )

1 , 1 0 7 . 3 2 t i  5 7 , 4 t j 5 , 3 6 4 0

28,205,240
( 3  3 . 8 )

55 .287  , 645
t31.2)

2,883,487
(ee.e)

25 ,O41 .729
[60 .7 )

28 ,703 ,019
( ' ts .7)

6 6 1 . 3 9 0
t sB .6 . )

132.1)

2,BB3,487 0
Ie9 .9J

13,626.1J25 0
t 9 s . 7 l

^14,544,576 
0

t34 .0 )

0  6 6 1 , 3 9 0
1 5 8 . 6 )

To ta l
a l l  c l asscs

22 ,534 ,535  109 ,344 ,159  661 .390
(44 .4 )  [ 1e . s )  ( sa .o ;

140 .029 .698
[ 1 5 . 6 )

'See Li  and Sr:hreuder ( t985).

Tnsre 7. Ner GRowH (N,43) AND SrnruonRo EaRon or Esrrvnlou rN PeRcrlrr
( tN PARENTHESTS) By FOREST TypE AND Gnouruo Lnuo-Use Cuss,  TANANA RtvER

Bnsrn.  AIRIS Srnnrrrreo FouR-PHASE Snvprr .  Besr Esrrvnrr .  ADJUSTED1.

Total
' l inrbcr land 

Other Forest  Nonforcst  volumc

Est imatecl  net  groivth (m')

1 8 , 9 5 1  1 , B 8 8 . 5 2 5Blar;k Spmr;e

Wh i t e  Sp ruce

Balsam Poplar

Aspen

Bir t ;h

Non lo res l

1 .907  . 477
(3e.3)

2,9gB,270
( 3 2 . 8 )

1 ,282 ,985

{ee.  s)
2.585,352

( 66 .8 )

1  . 1 7 6 , 4 5 8
[ 3  7 . 6 )
'14,4 '14

1s7 .2 )

( se .B )  (3s .2 )
6 7  , 7 4 2  3 , 1  2 0 , 6 2 0

( 7 1 . 6 )  ( 3 s . 1 )

0  122 , t i 85
( ee. ej

9 5 5 , 1 3 6  1 , 6 3 4 , 2 5 6
( i i 8 . 6 )  ( e7 . s )

3U4 , ! ) s  7  782 ,116
(47 .7 )  [ 43 .4 )

0 t )

0

14,4"14
l s 7 . 2 )

Total
a l l  c l asses

"t ,773,369 7,54i1,202
(46 .0 )  [ 25 .8 )

1 + , 4 1 4
( 5 7 . 2 )

9 ,336 ,852
121.5)

Forest  Type Timber land Other Forest  Nonforest  Tola l  area

Est imated acreages Iha)

Black Spruce 88,035 4,346,070 0

'Sec Li and Schreudr-.r I t985).

siderable delay. The Tanana River basin unit ,  for instance,
touched on 24 three-degree trsusj topographic quadrangles.
Computing power has recently increased dramatical ly. The
analysis phase of the Landsat MSS data took one person-year
for the Tanana unit and three-fourths of a person-vear for the
southeast unit .  Landsat MSS data would l ikelv be more useful
in a strat i f icat ion rather than a resression framework.

High-alt i tude photography (Hnr,) has the advantages of
nearly total,  usable coverage, is relat ively inexpensive, and is
l ikely to be cost-effect ive in est imating certain variables. Peo-
ple can be easi lv trained to use i t ,  and a larger pool of
trained people is avai lable for HAI'  than for t-s analysis. High-
alt i tude photography may be older and more out of date than
Landsat MSS. Contracting tor new coverage requires coopera-
t ion from other agencies because costs are so high fbr photo
acquisit ion. Often, or.r lv third generation transparancies are
avai lable. Shadow problems occur, especial ly at high lat i-

( 8 1 . 1 ) ( 1 1 . 9 )

White Spruce 63,242 1,954,930 0
(60 .5 )  ( 22 .4 )

Balsam Popular  0 160, t j66 0
(86 . s )

Aspen 187,575 359,175 0
{ 7  6 . 3 )  [ 6 3 . 3  )

Paper Birch 245,ag} 787 ,Bs2 o
(45 .8 )  ( 33 . s )

Nonforest  0 0 5,368,412
( 5 . 4 )

4 ,572 ,B6 t J
( 8 . 2 )

1 , 7 5 9 , 5 9 1
(23 .o )

96 ,406
140.2)

506 ,366
t40 .eJ

934 ,464
l z s . " t )

5 ,665 ,2 f i 9
(3.4.1

Total
al l  classes

595 ,554
t 2 7 . 5 )

8 ,133 ;259  5 ,388 ,006
14.4) (5.4)

1 3 , 9 8 6 , 4 3 5

t0)
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tudes and in steep terrain. Low resolut ion presents problems
in classifying timberland when compared to low altitude
photography. Quali ty control of the photographs must be

itr ingent. In this study interpretat ion was inconsistent '  often

because photos varied in color balance, saturation, and expo-

sure. Registrat ion to match the ground sample was t ime-con-
suming, expensive, and chal lenging. Photo manipulat ion for

interoretat ion was cumbersome. Scale rect i f icat ion over
rough terrain was also a problem. In summarv, HAP has the

advantage of being readi ly avai lable for large-area coverage.
The principal disadvantages are that new coverage is di l f icult
and expensive to obtain. Automatic registrat ion with respec-
t ive ground plots is dif f icult .

Low-altiiude photography has the advantages of high res-

olut ion and i t  canbe used with avai lable aerial stand-volume
tables. I t  provides good area control for the sampling process

and probably gives the best area measurements fbr certain

vegeiat ion cover and land-use classes. Polvgon data,- including
vegetation edges, are available for edge analv.sis studies. In

thii stud1,, coverage was almost cloud-free r,r'hen it was ac-
quired. iove.ug" was recent, was first generation, and served
as a detai led permanent record of the ground plots.

Low-alt i tude photographv also had disadvantages. Ac-
quisit ion was unpredictable and was morc expensive than
expected because of inclement weather. Coverage was l im-
ited. Photo manipulat ion for interpretat ion was cumbersome,
and shadow was often a nuisance on the color infrared pho-
tographv. Photo plots were dif f icult  to locate on the gror 'rnd
in highl),  homogeneous areas because the stereo model area
was too small  to register dist inct land or vegetatiol l  featttres

between photo and ground. Fortunately, this problem was
uncommon. Even with global-navigation-svstem guidance,
capturing the precise photo image over the desired grid loca-

t ion was often impossible.
In summarv, the kev advantages of low alt i tude photogra-

phv were high resolution that results in reliable aerial volume
tables. certain area variables that result in accurate meastlre-
ments, and photos that result in a good permanent record for
obtaining detailed information. The main disadvantages were
that acquisit ion was dif f icult  and needed to be planned sev-
eral vears in advance to ensute adequate coverage.

Advantages of the B-hectare grottnd plots are that a
broad spectrum of mult iresource data can be obtained f iom
such plbts, definit ive information on bottndarics and r iparian
habitat can be col lected, and previouslV unavailable data can

be obtained through juxtaposit ion of dif fercnt land or veg,eta-
t ion classes. This phase general l l t  represented the best avai la-
ble determination of what is actual ly there.

The main disadvantage of the B-hectare grourrd plot de-
sign was that measuring the ground plot with i ts cluster of

19 points rvas t ime consuming and labor intensive. Tough
decisions were required to l imit information coi lected be-

cause of the tendeircy to sample evervthing of interest '
In summary, the sampling of the large ground plot

vielded pert inent and accurate data. Srnal l ,  disturbed plots
complicated the eff icient col lect ion ol data. Therc were maior
logist ical problems, in terms of transportat ion strpport and_ the
difficultlyof traversing terrain, particularly in coastal Alaska.

Clouds in the imagery resulted in missing data for al l
phases of remote sensing. Bias may have entered in fbrest
lnd nonforest difTerentiat ions because clouds tended to accu-
mulate in mountainous and nonforest areas. Because of miss-
ing remote-sensing data, we eliminated sets of plots where _
one layer was missing. This reduced the useful data set and

increased sampling error.
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Conclusions
Results with this sampling strategy were disappoint ing; f l '
values were less satisfactory than expected and some of the
larger values are misleading because of small sample sizes
and/or extreme valttes (Tables 3 and +). We had a small  sam-
ple size because the planning stage emphasized
mult iresource data. Therefore, only a small  nr-rmber of t imber
plots were selected. Increased sampling intensity, through
stratified allocation of plots to forested land rather than non-
forested lands, l t 'or-r ld have given better results for est imating
timber.

Classi lying subjective variables such as "t imberland"

was dif f icult  even on the ground, part icularly for younger
and rnarginal si tes. Clearly, this classif icat ion was even mole
di l f icult  on Landsat and high-alt i tude photography. Thus, the
design was successful only for some of the more homogene-
ous classif icat ion gror.rps. They were more prevalent in
coastal Alaska. A site could easi ly be classif ied completely as
t imberland at one phase and noncommercial forest in an-
other. Such 100 to 0 percent classif icat ions are, of course,
not conclttcivc to eoocl covariate relations.

Besides the son.rewhat disappoint ing correlat ions and
problems with sample al location, other key problems were as
fol lows:

. At:quisit ion atrd registrat ion of the total set of Landsat scenes
r r ' ; r s  r l i l h r : t t l t  i r r t d  t i t t t e  c o n s t t n t i t t g :

o (krtrtputcr iclenti l icat ion of forest lancl in conifer forest r, t ' i th
-10 to 40 perc()nt cro\ /n co\i()r rT'as often classif ied as hard-
n'oorl forest or shrtrblancl on rcmolelv sensed imagery (in-
stead of t ;oni l 'er.  as classif ied on the ground plots);

. A vory large-capacitv compltter was needed but not available
Ibr Lan<lstrt  classif ir ;at ion:

.  Lo$,-a l t i tu( le color  inf rarecl  photo covcrage provecl
r :u l t  to acquirc because of  lvcather problens;  and

.  Strr ( l ] ,  p lans fa i led to predict  hon'  nuch labor would be
net:dcd for  act iv i t ics such as satel l i tc  data c lassi f icat ion and

aeria I star-rd volrtmt: tab le measurt-.ments.

Basical ly, the sampling strategy ma1, be a good one but i t
was several vears ahead of current support technology. I t  re-
sulted in greater ineff lciencies and higher costs than might
be expected today with the latest developments of remote-
sensing and computer support svstems. The change from
mult iresource obiectives to more t imber-oriented objectives
also hurt.  This also explains why this design was more use-
lul lbr t imbered areas l ike southeast Alaska than fbr diverse
ecosystems l ikc interior Alaska. The design used offers f lexi-
bi l i ty. Two-phase or three-phase sampling for regression with
or without strat i f icat ion should be fr.rrther investigated in the
future as compttter and remote-sensing technology improve'
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