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Abstract

812 plets. of &0 x 60 metres were measured in the field, interpreted
from aerial photographs at scale 1 : 60000 or 1 : 50000 and measured

by microdensitometric means for the four MSS tonal values. The

“material was located on two study areas of 16 x 96 km and on L

tracts of § x 16 km in each study area in North Finland.

The tests showed that tehre existed a distinct correlation bétweén

tonal MSS values and many forestry characteristics. However,; the

‘stardard deviations of tonal values within homogeneous strata proved

to be too large to be used in estimating forestry characterlstlca_

dlrectly from tonal values.’

When satellite data were used as a supplement to photo 1nterpretat10n
for stratification, the variance of volume of growing stock on, .
relascope plots within strata could be decreased by about 15. 20}%,"
The possibility of 1mprov1ng stratification as a first phase of .
deuble sampling 1s regarded as the most promlslrg procedure for
utilize ERTS imagery in Finnish forest inventory. However, this - .
would require scme casy way of locating the plots fromfmaps‘tg ~

satellite pictures or vice versa.



PREFACE

Remote‘sénsing is e&xtensively applied in Finnish forestry, .
primarily for forest mapping through conventional aerial
photography. Recently more interest has been aroused by the
possibility of utilizing aerial photography also for forest
volume inventory, especially on the national level. The sixth
‘national inventory of North Finland has begun with a double -

sampling method: aerial photo interpretation is the flrst

phase, followed by ground measurements.

The ERTS program stimulated consideration of the prospééfs
for including satellite imagery in an experimental progfam'"

for forest inventory in North Finland. Broadly stated, the =
purpose of this project is to determine whether the satellifé5 '
pictures can be used beneficially to cut down the total. cost

of forest inventory by reducing the field work requlrement.‘i;"
The more specific objective ‘is to analyze the Pegre551on of -
forest growing stock characteristics on the tonal 1mages of 7‘

sat el’fLe chLures

The study was conducted in the Departiment of Forest Inventory
and Yleld of the Tinnish Forest Research Instltute Aerlal
photographs were interpreted in the spring of 1973 by Mr.. :
Tarmo Uusitalo and Mr. Pertti Virtanen. Three groups of threé‘ﬁ
men each made field measurements durlng three months in 1973
undeyp the 1eadersh1p of Mr. Matti Myllyniemi, Mr, Simo POSO'
and Mr. Pekka Tammlnen The measurements on satellite plcturesc'*'
were ﬁade by Mrs. Tuula Aalto and Mr. Timo Nyrhlnegwu81ng a. .
microdensitometric device in the winter of 1973-1874. The
numerical data were prepaned by Mrs. Tuula Aalto and computer;
processing was done by Mr. Matti Kujala aﬁd Mr. Simo Poso.
,The.entire study was led and completed by Mr. Simo Poso under

control of the principal investigator.

Helsinki, September 6, 1974

,lé’/&?"‘* (A

" Kullervo Kuusela
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TEST MATERIAL

Two test sites were taken, 16 x 96 km each, in Finnish Lapland
(Fig. 2). Each test site was divided into two parts, and further
into 4 tracts of 8 x 16 km {Fig. 3). In each tract 192 points were
located on aerial photographs of 1 : 60000 or 1 50000 according to
the scheme of Fig. 4. Each of the points established a photo plot,
for which forest characteristics such as land use class, mineral
soil or bog, volume of growing stock, main tree speéies,'treatment
class, and site were interpreted from aerial photographs,lThefPlot‘
was-defined by a relascope procedure: if the relation of tree di-..
ameter at breast height and the distance of tree from the plot
center was larger than 9 : 0, the tree was included in the plot:
"Variablelplbf" is a syncnym for "relascope plot" because its size

is not fixed but dependent on the size of the trees.

A number of the plots interpreted from aerial photoes were also meas-
ured in the field. The field plots were drawn on the basis of either

gysrematic sanpling (tracts 2, 4, 6, and ) or stratified random -
zarpling {tracts 1, 3, 5, and 7). The definition of a field plot ...
waz the sanme @s that of a phoic plot. A

. tree tzllied in the field

represented 1 m?/ha in basal area.

The relascope pleots described above were not considered large'anoﬁgh
to be used in connection with satellite pictures. Therefore, field
measuremenis were also made for larger plots of 60 x 60 meters in |
size. The field estimations for thosc plots weré made by a élusfer"
of 9 relascope plots. They.were 20 meters apart and each”tﬁee e
tallied represented &4 m?/ha in basal area (Fig. 5). (In those
cluster plots the relation of tree diameter and distance of tree to

Plot center 5 1: 25.)

Most of the sample plots of 60 x B0 meters were drawn either‘system—“
atically or randomly from each tract. Some were'takeh.sﬁbjectively
on the basis of easy access. The'totél number of the plots was.about‘
1000. The number of those consisting of more than one compartment
was about 200 and they were eliminated from the later study.~(A
compartment iz defined as a relatively homogeneous'piece of land

as regards site and tree characteristics.) This means that the study

was restricted to the plots fallirng entirely in one compartment.

!



ERTS PICTURES

The imagery used in the tests consisted 6f the two sets of plctures‘
1039-08315 and 1039-09322. Both sets - comprised all four MSS bands,
Thus the number of pictures was eight. They were taken on August '
31, 1972.

The positive -transparencies 1:1 million were enlarged and rectified
to 1 : 400000. In order to make the location of test plots easier; 
the pictures were supplied with a grid and dots (Fg. 1). The grid

was fixed to the official uniform coordinate system of Finland.
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-Fig. 1. Part of satellite picture overlaid by a grld

, CEFb
The piCtures‘were bulk product, i.e. they were not given any special
treatment by NASA. For this reason they were not very good with
respect to radicmetric accuracy. Ore set of scanning lines often
differed distinctly from another. Furthermore the density curve of
the pictures seemed tc be nonlinear. The processing of positive
transparencies 1 : L00000 from bulk prcduct was performad by con-

ventional pnotographic processing in the National Board of Land

Survey in Finland.
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Fig. 2. Location of the ERTS imagery, area originally suggested, |
and the areas. of more intensive study. o
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Fig. 5. Square plot sampled by § relaséope plots.‘l_’ v

The measurements from satellite pictures resulted in "tone vaiuesﬁf

‘These were obtained by microdensitometry. They are dﬂflned as

follows:

1) tone value refers to the quantity of transmitted light

2) tore values are not absolute but relative figures

3) reference level covrespondé to the tore vaive of a white'iiné.v-
of the squafe grid on a positive transparency (cf. Fig. 1 and -
Fig. S). The tone value of this level is taken 45 zero .

4) tone valus has been measured as the distance of a p01nt on -a
grap: from reference level in-millimeters (see Fig. 6 and note'
the scale smaller than in the original) .

-5) the differences in tone values are proportional to the denéityh 
of the corresponding plot on a positive transparency (D = log
(I:T), where T = I#I , I = transmitted and I, ® incident light.).

The tone values for each of the 812 piots were méasured by a miﬁrb;
densitometer from each MSS positive transparency. The aperture in
the device represented exactly 60 x 60 m in the field. The méasuref
‘ments were made along a line which passed through many plots; The
tone values of lines were transferred automatically to graphs (Fig.
6). Each graph was supplied with a reference level (zero level) by
which the tone values were ﬁeasu“ﬁd for each plot. In determining
the reference level the grid superimposed on the satellite plctures

was of great help.
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TEST PROCEDURES

Tests were made for two purposes: The first was to study. the re=~ _
gression between forest characrestics and MSS tonal values. Another
aim was to derive criteria for evaluating the usefulness of the f 

satellite pictures for forest inventory in given condltlons.

First, the total number of pleots was reduced from 1000 to 812 by
eliminating those divided into two or more compartments as seen-”
Irom aerial photographs. The 812 plots were then stratified into - .
23 classes according to field meaéurements. The means and standard
deviations were calculated for each stratum by tracts (Table 13,

The stratlchatlon according to land use and site is common in
Finnish forestry Forest land refers to 51tp5 capable of producxng

mber more than 1 /ha/ye » on aveﬁage during 4 rotation of 100

P e - hi - — L)
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Tree

Strat Land use Site- Volume of forest
COLEATHE  ovass class species | growing stock

1 forest land mineral scil | any 0 - 10 m°/ha

2 S —~Me pine‘ 11 ~ 55§ "

3 I I 1 56 + R |

L M ~n spruce 11 - 55 "

5 . | L 1 55 + i 1

3 S U DbAlf. 11 - 855 "

7 ~n_ G | 1"t " 5B + B

8 -~ swamp any 0 -1a0 "

g -V - pine 11 - 55 °®
10 _n S " 56 + B 1!
11 - ~M- spruce 11 - 55 "
12 I _n H 56 + (]
13 - e bdlf. 11 - 55 n
14 _n I 1 56 + ‘ "
15 poor forest nostly swamp any 0o- 10 "
16 - - pine 11 - 55 LM
17 -t -"- spruce 1 - 55 "
18 =" ~1- bdlf. 11 - 55 "
18 waste land swamp
20 forest roads
21 agricultural

_ land
22 roads, power

lines, etc.
water

Table 1. Definition of strata.
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m /ha/year, and waste land produces less than .1 mg/ha/year As
—

this otrwtlﬁlCuLLOu 1s important in forestry planning it is also

applied here. It was expected that the undergrowth of poor forest

land will differ from that of forest land even when the standlng

tree volumes are egual.

Another procedure to study the regression was restricted to the o
plots which fell on mineral soil.. Here the study dealt only with -
the regressien between volume of forest growing stock and MSS tonal
values. The study was made separately for total volume, and Qolume"
by three tree species: pine, spruce, and broad leaves, the last v_;'
being almost totally birch. The number of plots in thls analy31e :

was 374,

The test to apply MSS tonal values for forest invehtory was madeioh
the basis of plots on mineral forest land, the number of which wae
374. The study was concentrated on volumes of forest trees ¢n total
and by tree specles. The inventory method used in the tests was a
double sampling in which plots of . the first _Phase are plaeed on

aerial photograpns of 1 : 63C0C or 1 : 55000. These plots are then .

interpreted for all relevant forest charec+crlsL1cs

In addition MSS tonal values are measured Srom satellite pietures ‘
for all the photo plots. Stratification of the first-phase plots is
made primarily on the basis of photo interpretations. H0wever,A;-*'
stratification is improved by the use of MSS tonal values. The

hypothesis to be tested is that the use of satellite pictures makes

the stratification 51gn1flcant1y better.

For the test the 374 plots were divided into strata of three plots

by tracts. Four kinds of stratification were applled based oen: - ..

1. photo interpretation of total volume

2. MSS tonal values : . _

3. photo interpretation of total volume supplemented by MSS tenai:;
values R ‘ HREE

4. field measurements.

The variances within strata were calculated, making it pbseible'to

compare these variances witn the total varzanees and thereby to

come to relevant conclusions.



RESULTS

Regres s ion for strata.:

The mean tonal values of strata 1...23 (see Table 1)'by MSS bands
have been iliustrated for four tracts in Fig. 7. It shows that
there exist distinct differences among the tonal values of mqnyi:_?
strata. This figure also reveals that the tracts seem to haﬁé Lo

systematic differences in tonal values. '

The systematic differences in tonal values between the tracts were
tested for strata 2 and 3. The basis for the selection was fhat .7
the number of plots in those strata was highest. The means of the:¥ﬂ
respective values of the two strata for the eight tracts are shownf
in Table 2. These valuas are used for eliminating the systematid :
differences between tracts and they are called "reference tonal ﬁﬁgf

values'.

Tract M3 S
ly 5 6 7
] 55 95 87 g
2 56 8t 68 67
3 68 74 73 | 78
l 77 | 102 87 g
5 78 | 107 | 105 107
6 66 98 86 72
7 58 92 8L 87
8 58 90 95 92
Total | - 67 94 87 89

- Table 2. Reference tonal values of tracts.

The differences in reference tonal values of separate tracts may be
remarkably large. For example, the mean of strata 2 and 3 in M5S 5
of tract 5 is 107. The respective value of thact 2 is only 84, and.

the difference is highly significant.
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Reasons for these differences are speculative. They carnnot be ex-
plained by the data material collected. The possible sources in-
clude structure of soil, moisture content of soil, vegetation under
tree crown level, angle of solar radiation, and possible errors in’
reference level of microdensitometric measurements. However, some
data collected by geologists indicated that the structure of the -

so0il has no remarkable importance in explanation of the differences.

The mean tonal values of strata 1...%23 were éalculated also 6n-fhe'
basis of. all material by ellmlnatlna the tractwise systematic .
differences shown in Table 2. The results are illustrated in Flgure
8 and 1isted ih Table 3. The table also shows standard deviations
by strata which were calculateo by a poollng procegure over separate

tracts, as well as deviations without stratification.

Fig. 8 and Table 3 show distinct dirrzrencsas, most of which can be
shown to be statistically significant. The stratum 19, waste land

(i.e., bogs), showed exceptionally large standard deviations. This
was not surprising because some of the bogs are very wet and some

dry, and the variety in vegetation on the ground surface is easily
seen from the air. Therefore, this stratum wes studied in more

detail. The results are shown in Table 4.

This table indicates that the set of plots belonging to treeless
bogs can be stratified to substrata by the aid of satelllte 1magery
The means of MSS bands & and 7 are well in concordance w1th the
faet that BetuTa nana (dwarf blrch) and Carex species reflect 1nfra-

red radiation well.

The confidence of results concerning Fig. 8 and Table 2 cannot be
presented by any exact expression. One source of error is associated
with the placing of plots from aerial photographs to satellite

pictures for microdensitometric measurements.

The problem was studied using large compartménts. The COmpartmenté?'
including at least 3 sample plots (see Fig. 4) were taken by phofo*'
interpretation. The tonal MSS values and field characteristies were”
calculated for the compartments as average values of three sample.

| plots. These values were handled in the samﬁ way as single plots:

for Table 3. The resultant tone values were compared with those .-

calculated on the basis of all plots (Fig. 9). S
‘ | i
|

i L o
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as 2 but waters eliminated.

- Table 3. Means and standard deviations of tone values

(Differences between tracts eliminated).

Stra- | No. of Means by MSS -~ | Stand. dev. by ¥SS

tum plots | 5 5 7 Y 5 6 7
1 90 |63 | 67 | 70 68 g | 47 13 | 17
2. 483 {62 | 89 { ey | 85 | ie | 1w | 1w | 17
3 87 |67 97 | g0 | 91 9 | 11 16 | 17
i 33 | 70 96 | 80 | 77 9 10 | 1% | 13
5 35 |69 | 101 78 | 80 9 | 1y | 12 | 13
6 35 |66 | 86 | 82 | 74 | 11 | 12 | 17 | 17 -
7 1y 70 | 105 | 78 78 12 5 11 14
g 56 | 55 69 64 59 6 13 1M1 ] 9 .
9 61 (63 | 89 | 70 | 85 | 11 | 15 | 11 | 13

10 2 |67 | s7 | 68 | 70 R B o

i 13 |63-{ 93 | 69 | 68 7.0 %6 |11 | ot
12 | 8 (70| 87 | 7u | 78 | s v o412 ] oaw

13 18 65 | 92 | 71 £6 10 | 15 | 1w | 20 -

14 L2 j72 ] 79 | 53 | s7 | R L

s 0 as yss | o72 | os7 | 57 e | 18 12 ] 1w

16 | 25 |se | 88 | 79 | 72 16 | 19 | 13 | 18

17| 2 |78 [107 | 70 | 73 | |

18 3 |72 | 93 | -sc | 70 R )

19 | 70 |ss | 81 | so | 72 | 15 | 15 | 22 | 26

20 1 | 58 99 78 79

21 12 fus | 69 | so | u7 12 | 20 | 1y 22

22 2 | 52 72 {7117 | 75 '

23 25 |ou | 120 {178 | 476 11 s | 10 | 11
a1l 812 63 87 | 8o | 78 10 4 | iy ] 17
a11?) | g12 13 | 9 | 2k | 28
a1’ 787 86 75 : 18 20

B étahdard deviations based on pobled variances.
2) 3 n M " ototal W
3) '
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Characteristic No. of MSS , g
species on obser- L
waste land vations + > 6 ’

Betw]la nana 7 Ly g7 GE 51

Carex 12 59 72 68 56

Sphagnum o 8 55 77 77 65

Watary 19 5Y 87 91 | 86 -

Table 4. Tone values of waste land accordihg to

some specific vegetation features.

Ihe number of large compartments was about 60 and they were divided
inte 7 strata. The grephs of Figure 9 ipdicate that the differences’
between various strata in Figures 7 and 8 are *too small and, conse-

quently, the standard deviations in Table 3 are somewhat too high.

Regressian for wvolume

Another approach in the study of regression was restricted to strata
1...7. The dependent variable to be explained was volume of forest-
growing stock in total and by tree species: pine, spruce and broad

leaves.

Tuo regression models were tested. The first was of the form Y% =

a + byx, where x, = estimate of plot volume from aerial photOgraphs,
and the second of the form y '

a + bjx1 + bzkz + b3x3 where Xy :_as;. 
ebove, x, = tonal value of M5S8 5 and x4 = tonal value of. MSS G.thé'"’

results are shown in Table 5,

t can be seen in Table 5 that the multiple correlation‘éoéfficiéﬁﬁé_'
are significantly higher for model 2 than for model 1. The relative.
variances left unexplained by regreséion estimators have been esti-
mated on the basis of pooled R-values of Table §. The results ére

presented in Table 6.



, Ho. of Model 1 Model 2
‘Row | Tract obser- , .
l \;ations Degrees R Degroes R
of - of - -
freedom Pine | Spruce | Bdli A1 frecdom Pine | Spruce BA1f All
1 _— 37 35 529 | LLGG .328 816 33 LB40 540 513 830
v ) 51 39 000 | .778 666 2496 39 194 806 645 910
3 3 65 63 603 | .u56 687 8u 7 5 .689 669 727 833
by 4 61 59 392 | .uu0 328 Tu1 57 L438 606 255 80
5 5 5y 52 254 | .232 T 6LQ 50 .BL3 486 . 574 707
6 5 15 13 L000 | .00 695 Yy 14 000 000 709 226
7 7 57 55 545 1,387 L5679 775 53 580 387 674 837
8 _ L8 L S B H2__l_aB5M7-) _.503__.284_ f .64 . 40 __ .l _.n83_| _.507 _|_.384% _ .t _.877 _
g | Pooled 374 405 133 489 771 L 542 5u6 L 551 809
means . . ‘
10 142 78 76 416 | .50u 457 823 74 510 | .476 491 .83¢
14 34y 126 124 .4G5 457 587 807 122 .608 518 . 600 85
12 5+6 69 67 038 203 586 598 65 584 3ug §83 3y
33|78 100 b .88 o576 | _.384 | .419 | .794 | 87 _ 4 _.B50_|_.823__i_ . 48O _ __[.-853__
. ~ |
4y | Poeled 416 | .395 514 | .768 551 486 .560 812
means ‘ ' A
15 | A1l 37y 372 745 370 781
Table 5. Multiple correlation cocefficients for two resression models. - -
> HHL - : o , , ==
| »;%’g
: o .
g
N e L
L=
’i:ja ' "

G1
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= 3
No. of * Model 1 Model 2
Row . :
tracts Pine | Spruee | B41f. | ALl Pipz | Spruce | Bd1f.|All
1 9 1006 160 100 | 100 85 86 92 | 8%
2 1h 99 104 97 101 78 gy g0 83
8 15 108 : 95

Refers to Table 5.

Table 6. Relative variances left unexplalned by the regre531on

estimators for various tract combinations.

- The figures of Table 5 and Table 6 are affected by the systematic
diffeyernces in tonal values and phote intevpretations by tracts.l-
The differences shown in Table 2 were not eliminated in this case.
The differences in pﬁoto 1nterpfetatlon orlglnated largely from o
the fact that the work was done by three differcent persons, one ofu

whom was not well experienced.

Table 6 suggests that the usefulness of satellite picturés doesn)t
increase when the acreage of inventory area increases. In other .
words, inconsisfencies_from one tract to ancther seem to be 1argef3-
for MSS tonal values than for photo interpretation. This result was

" not in accordance with the earliest expectations.

Multigroun d stratification for

volunme

The tests leading to the most practical conclusions were performed
by stratifying the plots which fell on mineral soil according to
four bases. They are marked by laetters a, b, c, and d, referring

to the procedures of:
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a = aerial photo interpretation of plot volume,
b = tone values measured from satellite plcturp s where most
welght was given to MSS 5 and 6
S

c=a+b Whore most welght was given to a, and

d = field estimations of volume in total and by tree ?peCLeo,_ .
where most weight was given to total volume : .

The plots were stratified tractwise on the bases of a...d to make
the strata of three plots as homogeneous as possible. The variances
of the volume in total and by tree species were calculated for each
stratum. The results obtained are 1llustrated for total volume 1n
Table 7.

Tract No. of _ Basis for stratification
strata a h C 4 Total
1 1€ | 2ug 865 155 7 809
2 15 258 763 1 2uy 18 1264
3 27 293 | 1056 307 |7 1 570
y 21 245 £92 . | 234 25 835
5 24 18 248 106 142 382
6 5 34 ‘579 500 3y 54
7 27 | 153 326 " 141 27 | 683
8 15 157 62 127 26 603
Pooled , | 228 585 | 199 38 B7u -

Table 7. Variances of total tree volumes (m3/ha) within_*

four kinds of stratification.

Table 7 shows ‘that total variance can be decreased somewhat by the

aid or satelllue pictures (basis D) Through the use of aerial

photographs (basis a) this decrease would be much larger. The use '

of satellite pictures in addition to aerial photographs (basis c).
has had only a minor effect on the variance of total plot volumes
within strata. The variances are not affected by systematic differ-

.ences Dbetween tracts because the stratification was made by tracts.
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The test procedure of Table 7 was applied alsc to plot volumes by
trec species and to tone valuas of M55 bands. Yhe resulvts are shown
in Table 9 in which the figurss refer to pooled variances over tracts

(cf. last row of Table 7 and first row of Table 8).

Characteristics Basis for stratification
R a b [ d Total
Volume of all tree species 228 585 199 38 |  87ug?£
"m" pine 294 | 326 | 224 | 186 | w27
" " spruce 154 199 139 134 268 .
mon pdif, av | 112 | 74 | 8s 145
Tonal value of MSS 4 1E3 1538 1?? 161 212
moom g , 121 23 50 | 125 260
L 190 ) 95 | 4:2 | 193 | 25y
om " w7 . 389 1 268 | 20n | 413 467

Table 8, Variances of the measures of various measures
within strata based on four kxinds of stratif-

ication.

The variances of tonal values of MSS bands prove that stratification
from satellite pilctures is based primarily on MSS S5 and MSS 6 (basis .
b). It also shows the degree with which the variance of tonal values

has been decreased when changing from basis a to basis 0. 

ORIGINAL PAGE xs o
SUMMARY AND CONCLUSIONS ~©_ OF PCOR QUALITY =

- The studies were made on positive transpafencies at scale'1}'HOUQddzj
processed by ordinary photographic means from bulk product -of 1 :1:7 
million scale. The transparencies were supplied with a grid and dots.
The grid was useful when placing the microdensitometric lines andEVQ“;
sample plots from aerial photographs. Ancther important use of_thé“
grid was in determining the reference level for tha microdensiﬁo-

metric measurements.
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The plots were 60 X 60 meters, and the total number of them was
about 1000. They were distributed over a large area and they wefe;
takenrin a reasorably objective way . The'plots which fell on the ,°
borderline of two greatly different compartments (e. g. 'lhe plof 
included some part heavy stocked forest and other part open afea)"
were eliminated. The proportidn of plots of this kind was about 20'
%. Thus, the remaining material prov1ded an adequaie body of data"

for statlstlcal analyses..

The procéduré of microdensitometric measurements was time consuming
because of difficulties in placing the plots from aerial photographs
to satellite pictﬁ?esu It was seen that one cf the most importaht““
problems to be solved is to find an easy wdy to mark a relatlvely

mall piot from sateilite imagery to map or vice versa..

as found in the tests fhat there exists a distinct'correlation

H
+

etween teonal values of MSS bands and many forestry characteristics -
(cf. Tables 1 and 3 and Figs. 7 and 8). However, the value of MSS:

bands in direct estimation =Ff forest characteristics may not be

7
(i

m k]

great., The standard deviations within strataz {Table 3) are too large

Crly estimation of water proved to be reliable.

Nonetheless, the correlatién may still be useful for certain fofeSt
inventory purposes. When using double sampling the feasibility of
first phase sampling depends greatly on how well fhe cbaracferiéticé
To be inventoried can be stratlfled by measurements of the first- -

phase.

:Fig. 8 and Table 3 show distinct dlfferences between strata, most of
which are statistically significant. The standard deviations w;thln-
strata for MSS bands b4...7 are 10, 1%, 1%, and 17. The deviatioﬁs with-
out stratificaetion are 13,19, 2y, and 26 (sece Table 3). The comparlson
of standard deviations indicates that there are good p0551b111t1es -
for using satellite pictures. for stratification of large areas in jt
foresL inventories. This is due especially to bands 5 and §. The

best result, of course, is obtainable by using a cbﬁbinationlof'twd

or more MSS bands.

An endeavop to test the practlcal vw]ue of MSS bands for forest in-’
ventory was made under some assumptions which were COﬂbldeFed real—

[,

stic for northern Tinland. The forest _wen_ory there is based on.
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which the IFirst phasc consists of vhoto inter-

1

[egey
pretations from aerial photography of 1 : 60000. It could be seen

TR R
Dle sanpling in

-
e

that satellite imagery cannot be substituted for aerial imagery

at this stage, for example in determining whether a plo; belongs

to forest land or not. That is why the aerial photography is ren
quired, and the question 1s now whether the use of satellite 1mage—_

ry as an additional socurce of data is beneflclal or not.’

The tests to answer ths question were restrlcted to mlneral 5011 .
i.e. to strata 1...7 (see Table 1). The characteristics to be estl—'
mated were mean volumes of growing stogk in total and by tree _
species. First, multiple coefficients of correlation were studied
for two regression models. The first model consisted of plot volumes
interpreted from aerial photographs as *the one independent variable
and the second modél had MSS tonal values as an additional inde-
pendent variable. Another approach was, to stratify the plots on the
basis of a) aerial piinsto interpret;c;oﬁ only, b)) micr ﬂen51tometr1cf
measurements of satellite transparencies alone and, c) aerial photo
interpretation and measurements from satellite piatures tocether.
Then, comparison of variances within strata were used to show the
possible advantage obtalnable from satellite nlctures._

Table 5 shows that the multiple coefficient of correlation can be
increased when MSS bands are used in addition to photo interpre- .
tation. The increase has been approximately from 0.520 to 0.600;_in‘
average. If the proportion of variance not explained by the esti-
mator is 1—R2, the above increase of R from_0.520 to 0.600 means
that the unexplained variance would decfease'by about 12 % due to

use of satellite pictures,

It was expected that the greatest advantages in using satellite
pictures might originate from the fact that the measurements can be
made without subjective consideration because the quality of-image—
ry 1s homogeneous over large areas, and, in this respect, the
satellite pictures and measurements differ favorably from aerial1 
photo ccverage and photo interpretation. The valldlty of this

expectation was tested by Table 6,

Table 6 showed that the satellite pictures could not meet the ex-
pectation of providing a stabilizing factor 'in estimation of forest.
growing stock. The improvement in coefficient of multiple correlation

- o

¢
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due to satellite imagery was not higher for larger material than for
separste tracts. This is especwally remarkable as the photo 1nteerP~
tations were made by three persons who had different kinds of system-
atic errors in interpretation. One reason may be that the densito-~
metric measurements may include sonme missléading differences between
the tonal values of separate tracts. The differences in tractwise
tonal values were eliminated for Table 3 and Fig. 8 but not for -
Tables 5 and 6.

The approach of stratifying plots which fell on mineral soil into
homogeneous strata resulted in Tables 7 and 8. Stratification and
calculations were done by tracts, which eliminated the harmful

effect of systematic differences in tonal values between tracts.

Comparison of unexplained variances of plot volumes with total

variance produced the following list (cf. Table 8):

- Tree Total + Stratification baséd on

‘species  variarce Satellite Photo inter- , i
i - o Both
_ : bictures pretation .
Al 100 87 ' 26 23
Pine 100 76 .69 52
Spruce 100 g 74 57 52
Broadleaf 100 77 65 51

~

Comparison of these figures leads to the conclusion that the vari-

Q,

- ances can be decreased 15-20 % by using satellite pictures as an -

additional aid in stratification. This is a somewnat higher perceni—

'u._

age than that registered from Table 5§ and probably more nearly

correct. The satellite pictures alone reduce the relative vaplance;f

somawhat, but much less than aerial photo 1nterpretatlon alone..

The potential importance of satellite pictures for forest 1nventory
in northern Finland is probably higher for estimation of volumes by
tree soe01es, than for total volume. This conclusion seems ]ustlfled
under the assumption that satellite pictures are used togetner w1th
panchromatic black and white aerial photographs of 1 : 50000 OP!“"'
1:60000. The- 1nterpretatlon of tree species from these photographs

with even oodost reliability has often proved to be 1moos ible.

The conolusions to be drawn from the above results might easily be.
too pessimistic. With better technical facilities the results mlght

have boen a bit 11provod ThlS is prlmdrlly because the looatlng of
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sample plots on satellite pictures was not quite correct. It was .
estimated that displacing of the plots over 60 meters might have
bappened in 20 % of the plots. The disadvantagecus effect of +this

displacement is indicated in Fig. 9.

Another reason to regard the results as too pessimistic refers to -
quality of the pictures used, The use of pictures corrected for
radiometry or magnetic tapes would probably have produced moréf
favorable results. The experiences obtained emphasize especially.
that, in addition to the improvement of radiometric accuracy,Ji?ﬁu
is very important to develop techniques for easy and accuraté  “;f

measurement of a sample plot from satellite imagery.

The tests explained here were limited to a few forest characteris-
tics and to pictures taken at one time only. It is to be expectedA
that the usefulness of satellite imagery could be increased o
markedly by repetition, for at least three reasons: 1) the ilonal
vaiue of a sample plot is then obtained as & mean from many
pictures, 2) the scasonzl differcnces in tenal cembinations can be
utilized for estimation of a target and, 3) the annual differences

in tonal comblnations can be utilized for estimation of changes

within a target. )
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