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I.  INTRODUCTION

The Lands Directorate of Environment Canada approached Statistics Canada in May
1984 for assistance in a survey of rural land use in Canada. The main purpose of this
survey is to monitor changes in rural land use across Canada by measuring the changes
between 10 categories of land activities and between 8§ categories of land cover that
have occurred over a period of tiine. The list of activity classes and cover classes is

given in Appendix A.

As a first stage in the development of a full scale survey, a teasibility study was
conducted in the spring of 1984 in Sub-Provincial Area (SPA)l 4A of Alberta and in
SPA 2 of New Brunswick using 9% segments of land that were sampled for the 1983
National Farm Survey (NFS)2 for which remotely sensed (satellite) data had been
collected. This study helped in improving methods of measuring change in land use

from photographs at two time points.

The second stage of this project was a pilot survey conducted in Manitoba in the
summer of 1984. The objective of this survey was to identify potential problems in
different stages of the survey: in data collection, data processing and estimation
procedures, and the adequacy of the sample design for measuring relative and absolute

changes3.

This document gives a description of the sample design and estimation procedures
for the pilot survey and also presents the estimates of change and levei# from that
survey along with their coefficients of variation (C.V.). Tables of sample sizes needed

for different desired levels of C.V. are given based on the results of the pilot survey.

1 A SPA was defined as a crop district or a group of neighbouring similar crop districts, for
the purposes of the NFS. :

2 The NFS is an annual probability survey of farms conducted by Statistics Canada. Part of
the sample for this survey consists of a sample of area segments.

3 Relative change = ratio of areas under a given category, at two time points.
Absolute change = area changed (in hectares) between categories and time points

4 Level estimate = estimate of the area under a given category for one time point only (in
this survey, 1984 only).



2. SAMPLING DESIGN

A stratified two-stage sample of segments of land was selected; the first-stage units

were 1981 Census EAs? and the second-stage units were segments of land within EAs.

2.1

2.2

2.3

Sampling Frame

For the purpose of the NFS, Manitoba was divided into 6 sub-provincial areas.
The target population for this pilot survey was restricted, due to cost constraints,
to all 1981 EAs of Manitoba in the sub-provincial areas covered by the NFS
sampling frame excluding SPA 3, SPA 4 and crop district | of SPA | (NFS
sampling frame covered all agricultural areas of Manitoba). The metropolitan
areas of Winnipeg and Brandon were also excluded. On the other hand, some EAs
in the Northern regions of the province that are not in the NFS sampling frame
were included in the target population of the pilot survey because this survey

intended to measure change in rural land use of non-agricultural areas also.
Stratification

The sampling frame was stratified according to two characteristics: firstly by
census division to ensure a good geographical spread of the units; and secondly, by
two broad activity types: agricultural and non-agricultural land. No further
details on activity classes or cover classes at the EA level were available froin
the Census to allow a more detailed breakdown. Hence, & stratum was defined as
the intersection of a census division and type of EA (agricultural or non-

agricultural)6.

Sample Size and Allocation

An initial sample size of 300 EAs was fixed because of cost constraints. The
300 EAs were allocated to the strata proportional to the number of EAs in the
population in each stratum. A little more than one-fourth of the sample units

were in non-agricultural EAs.

5 EA = Enumeration Area is an area of land with clearly identifiable boundaries that was
assigned to one Census representative for enumeration during the Census. The size
of an EA is based on the population (number of persons) living within its boundaries.

6 An agricultural EA is one that had the Headquarters of at least one farm located within
its boundaries at the time of the 1981 Census of Agriculture.



2.4 Samnole Selection

Within each stratum, the allocated number of EAs (first-stage units) were
selected by systematic sampling with the frame previously arranged by order of
contiguous EAs. As an EA covers a very large area of land, it was decided to
subsample within selected EAs. Therefore, each sampled EA was partitioned into
segments of land of 3 sections each, using maps, and one or more segments
(second-stage units) per EA were drawn by simple random sampling. The criterion
used for subsampling was 1 segment selected for each 30 or less segments in the
EA. The number of segments into which an EA is divided depends on the area of
the EA.

In the agricultural strata, the sample was selected according to the Kish and
Scott method’ so as to retain as many sampled EAs from the 198%¢ NFS as
possible, without changing the desired probabilities of selection within strata. By
the use of EAs already selected for NFS, we were able to avoid segmenting too

many EAs, a procedure which is costly and time-consuming.

As a result of stratification and sample allocation, a total of 297 EAs were
selected from 26 strata and a total subsample of 349 segiments were drawn froin
those 297 EAs. Table | of Appendix B gives the population and sample sizes per

strata in terms of EAs as well as the number of segments selected.

2.5 Modifications to the Target Population and Sample Sizes

Additional modifications to the target population after sample selection were
made by Environment Canada and Canadian Centre for Remote Sensing (CCRS),
prior to flying the segments. Cost and practical constraints made it necessary to
further reduce the sample size to approximately 220 segments, chosen in regions
where changes had most likely occurred between 1970 and 1984, As a result,
census divisions 6, 16 and 21 were excluded from the target population as no
segments in these census divisions were flown. Note that this subsample of 220
segments selected by Environment Canada and CCRS is not a random subsample

of the initial sample.

7 Kish, L., Scott, A. (1971), "Retaining Units after Changing Strata and Probabilities",
Journal of the American Statistical Association, 66, pp. 461-470.
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For approximately 150 segments out of 220, there were 1970 aerial photographs
available for estimating change. Therefore, the sample sizes, prior to flying in
terins of the number of segments (second-stage units), were 220 segments for

estimates of level and 150 segments for estimates of change.

NON-RESPONSE AND STRATA COLLAPSING

After flying there were a few segments with no data available because of cloud
cover or because the wrong location had been photographed. No imputation was
performed on those rmissing segments as it was felt that no information closely related
to land use was available from other or previous surveys. Therefore, the weights of
the remaining segments in strata where there was non-response were adjusted at both

stages of the design to account for missing segments.

The resulting total sample size to be used in the estimation of level was reduced to
176 EAs and 206 segments. For the estimation of change between 1970 and 1984, the
total number of EAs and segnents available were 123 and 141 respectively. A
breakdown by strata of the number of EAs and segments used in the estimation of

level and of change is given in table 2 of Appendix B.

No estimation was possible in some strata because of lack of sampled units flown.

They are:

a) for estimates of change between 1970 and 1984: strata 5, 6, 8, 17, 18, 24, 25 and
26;
and
b) for 1984 estimates of level: strata 5, 6, 17, 18, 25 and 26.

For a few other strata, although it was possible to calculate totals for both change
and level estimates, we could not calculate estimates of variance. For these strata,
an asterisk is indicated beside the number of EAs in table 2. To calculate estimates of
variance, a minimum number of two units per stratum is necessary. Therefore, for
variance calculation purposes, we needed to collapse neighbouring strata in order to
get this minimum number of units. As in this survey a stratum is a combination of a
census division and a type of land (agricultural/non agricultural), the collapsing was
done by grouping strata of the same type and of neighbouring census divisions. The
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grouping is indicated by arrows in table 2. For estimation of change, strata 2 and 10
were grouped and stratum 14 was grouped with stratum 12. For estimation of level,

only one grouping was done, stratum & with stratum 6.

DESCRIPTION OF THE DATA COLLECTED

For each segment for which a 1970 photograph was available, the area (in hectares)
under each activity class (or cover class) was measured on the 1984 photograph. Then,
the 1970 photograph was examined and if a change of activity (or cover) had occurred
in a section of the segment, that changed area was then measured and the 1970 type of
activity (or cover) was noted. Therefore, a set of three items of data were reported
for each section of a segment. They were the 1970 activity (cover) code, the 198%
activity (cover) code and area measured, and were accompanied by identification

information.

For those segments used in the estimation of level only and for which no 1970
photograph was available, only the 1984 activity (cover) class and total area under that
class were collected. Hence, the first data item was given the 1970 code for total
(code [1).

The data collected for each segment can be viewed in a pair of two-way tables, one
table for activity classes and the other one for cover classes. The rows correspond to
1970 activity/cover classes and the columns to 1984 activity/cover classes. Each set
of data for a section can be related to a cell in the table, the first data item being the
line number and the second data item, the column number. Finally, the cell contains

the area measured in the section (see example on next page).

For those segments used in the estimation of change, the cells on the diagonal of the
table, contain areas for which no change has occurred between 1970 and 1984 whereas
the off-diagonal cells give areas for which change occurred between 1970 and [984.
For instance, x hectares went from class a in 1970 to class b in 1984 (a different from
b). For the segments used for estimation of level, only the last row of the table (the
1970 total) is used.
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EXAMPLE
Table of Activity Classes
for Segment with LUSID=62]14 and NFSID=605-207-103

1984 Activity Classes

1984
1970

Total

31.6

81.6

51.3

71.8

20.3

26.0

| 39.2 |

39.2

O [N 0o N o [ = W [N e

—

8.9

3.9

Total

102.1

234l 44.7 LE8 8.9

290.1




EDIT PROCEDURES

Once the data had been transferred to Statistics Canada, a few simple edits were
performed on them. The first edits checked for invalid identification information
(wrong map number or segment number). Then, a manual verification was done on
segments located in small rural towns and villages. The total area and the shape of
the seginent interpreted were checked against those given by topographic maps or
town plans. This allowed detection of errors of incomplete coverage, of wrong

location or of problems with boundaries.

For each table of a segment, the final automated edit checked that, the sum over
the rows was equal to the area recorded in the total line. This was done for each

column in the table.

ESTIMATION PROCEDURES

Several estimates were calculated from the data collected. Two different estimates
were produced to measure change in land use from the 141 segments for which 1970
and 1984 photographs were available. These were an estirnate of absolute change and

an estimate of relative change.

Estimates of level were derived from the larger sample of 206 segments, i.e.,
estimates of total area of land under each activity/cover class in 1984 in the target

population.

In the following pages, estimation formulas used for calculating these estimates and
their estimated coefficients of variation (cv) are given along with a brief description

of the calculation steps.

6.1 Estimates of Absolute Change

These estimates are totals calculated for each cell of the activity (or cover)
table. For a given cell (a, b), the estimate is obtained in two steps. Firstly, we
take the sum over all segments in the same EA of the weighted area (weighted by
the raising factor for the EA) reported for that cell. Therefore, the same table

that was 'built' at the segment level is built at the EA level. Secondly, we sum
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6.1.2 Estimated Coefficient of Variation of ¥(a,b) ' 1

Estimated variance of ¢(a,b) - v (¥(a,b))

. erl n (. - Yh)z (F.). 38, Des Raj; a:ssuming, the
= I F e————— first-stage units were
h=1 -; i=1 “h_l selected with replacement
(see section 7))
] ™i M, (a,b)
where Yhi = " A
el n'hi hij
n 4
and Yh = 2 y_r:
i=1 N,

) = ev(9@b)y = Yv(¥ab)

and coefficient of variation of ¥(aP R Ld e s
via,d)

6.2 Estimates of Relative Change

These estimates are ratios of the total area under class a in 1984 by 1otal ar=a
under the same class in 1970. They give an idea of the percentage of increase or
decrease of the area for a given class between two time points. The numerator
and the denominator are respectively the estimates of the total line and of the

total column from the tables of estimnates of absolute change.

Des Raj, (1963), SamplingThebrl, McGraw-Hill, New-York, 302 pages.
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the weighted area (this time weighted by the raising factor for the stratum)
reported under the given cell over all EAs in a stratum and then over all strata.
Then, we obtain an estimate of the area of land changing from use a in 1970 to

use b in 1934, The notation used in the following formulas is explained as it is

used.
6.1.1 Estimate of Total 7@
?(a,b) = total area under class a in 1970 and class b in 1984,
aandb = 1 to 10 for activity tables
aandb = 1 to 15 for cover classes (not grouped)
or = | to 8 for grouped cover classes
n ! !
Sap) . HOOTh N ThE My
Y =L I = I = VYhjj
hal i=d n, jil m .
segment level
EA level
i Y |
stratum level

L i
' target population estimate

where h  represents a stratum  h=1, ... H

1 represents an EA i

I, «.. nh

j represents asegment j=l, ... mp;

ylg?j’b) = area in cell (a,b) for segment j in ith EA in stratum h.
Mpi = total number of segments in ith EA in stratum h

mpj = number of selected segments in ith EA in stratum h
N = total number of EAs in stratum h

number of selected EAs in stratum h

L



-10 -

Ratio Estimate R®

6.2.1
?(Total, a) = total area under class a in 1984

n m..
] H T‘h N, '\_n M Y (Total,a)
hzsl 1=1 N, e My

hi j

t

¥(a, Total)= total area under class a in 1970
H " ! ™i M. (a,Total)
N, h N

N

h=1 i=)l n
h

and B2 - Y Total, a)
vz, Total)

a

6.2.2 Estimated Coefficient of Variation of R

= ) : ~a sa
Estimnated variance of RY = v(R")

| (Total, a) a2 _(a, Total)
v(Y I & (8D wml¥ )

(a, Total))2

(Y
(Total, a), \7(&, Total);’

l\a -~
- 2R ) aw (T




iy
with v(Y(Total, a)) and v(¥(a, Total)) caleulated as in 6.1.2

and cov(Y Total, 3)) Y(a, Total))

2 n
_lehl

A

h (Total,a) (a,Total)
z x Yy

h=1 n, (n-D)| izl  hi hi
n 'n
h (a,Total) h (fotal,a)
r ¥ B K
_ i hi i=1 hi
&

Hence, ev(R?) =

v V(ﬁa)

ﬁg

6.3 Estimates of Level for 1984

These estimates are derived from the total number of segments flown in 1984
(206 segments). They are calculated for the cells (Total, a), i.e. for the cells of
the total line only. The formulas are identical to the ones used for estimates of
absolute change except for the numbers mp; and np which have been adjusted to

account for the additional segments and EAs in the sanple.

6.3.1 Estirnates of Total

i '“nl 9(T0tal, a)

_(Total, a) H "
B
= lnTi hij

Y S
84 h=1 |

> 7
.

nes

l n j

-

1

where m‘hi total number of selected segments flown in 1984 in ith EA in

stratum h.

and np, number of selected EAs in stratum h flown in 1984.
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6.3.2 Estimated Coefficient of Variation of y{Totals @)

34

Same formula as 6.1.2 but replacing my; by Mh; and np, by rh'

NOTES ON VARIANCE CALCULATION

The estimates of variance used for the calculation of the estimated coefficients of
variation and provided in the preceding pages were based on the assumption that the
first stage design was simple random sampling with replacement. As a matter of fact,
it would be almost impossible to calculate the variance according to a two-stage
design because only one segment was selected in most EAs. That does not allow us to
estimate the second-stage variance, that is the variance due to the variation between
selected segments within an EA. Using the formulae for simple random sampling with
replacement, we take into account implicitly the second-stage variance. On the other
hand, as the sarnple was selected systematically, using sirnple random sampling
formula tends to overestimate the variance, if the systematic sample did give a better

spread of the population studied.

COMMENTS ON THE RESULTS AND LIMITATIONS TO THEIR USE

The estimates of change and of level are presented in Appendix C. Tables | (page
C-1 to C-3), 3 (pages C-5 to C-8) and 5(pages C-10 to C-12) give the estimates of
absolute change and their coefficients of variation for activity classes, cover classes
and grouped cover classes, respectively. Tables 2, 4 and 6 give the number of
segments with an area different from zero in a given cell. The difference between the
total number of segments and the number in the table gives the number of segments

with no area in the given cell.

Tables 7, 9 and 11 present the estimates of level and ;heir coefficients of variation
for activity classes, cover classes and grouped cover classes, respectively whereas
tables 8, 10 and 12 give the number of segments reporting an area different from zero
in a given activity (cover) class. Finally, tables 13 and 14 show the estimates of

relative change and their coefficients of variation.

As no data were available from previous surveys or even other sources on land use,
it was not possible to evaluate the accuracy of the estimates from this survey. The

only estimate that could be evaluated was the total area broken down by census
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division, for which areas by census divisions were avajlable from the 1981 Census. The
results of the comparison are given in table | on the next page. The figures in
brackets are percentages of difference between the Land Use Survey estimate and the
Census value. The modifications made to the target population and the collapsing of
strata and, consequently, of census divisions) limited the comparisons possible. A few
of the largest differences are explained by the latter. Nonetheless, some differences
remain important, even for total area. This leads us to question the accuracy of total
estimates for the breakdown by activity or cover classes. Moreover, by looking at the
tables for absolute change or level estimates, we notice that the estimates in the
margins (total line or column) as well as the estimates on the diagonal bear rather
large coefficients of variation (in the range of 10 to 30% with a few around 60% and
over). For the off diagonal estimates, the coefficients of variation are even larger,
usually 50% and over. Therefore, there are serious limitations to the use of some

estimates, while others should be used with caution.

On the other hand, the estimates of relative change (tables 13 and l4) seem more
stable than the estimates of absolute change, with coefficients of variation less than
10% (except in one case) and most of them less than 2%. This measure of change

appears to be a better indicator of change than the estimate of absolute change.

SAMPLE SIZE NEEDED IN FUTURE SURVEYS

One of the objectives of this pilot survey was to predict the sample size required to
conduct a large-scale survey covering eventually all Canada, using the survey results

and more specifically, the coefficients of variation.

For a start, we can give an estimate of the sample size needed to obtain a desired

level of precision, i.e. a target coefficient of variation, using the simple rule:
cvlestimate) @ _L_
n

where o means "is proportional to"

and o n is the sample size.



Table 1

Comparison of total area by census division between census estimates and survey estimates

Census Division

1981 Census
Total Area
(in hectares)

Survey Total Area in 1984 (in hectares)

Estimate 11

Estimate 2—2

1
2

12
&
14
15
17
18
r9
20
Total -
Census Division 19

1,472,408
426,570
558,229
179,064
164,816
274,020
911,675

1,334,080

1,104,370

6,139,019
989,820

7,415,052

723,742 (-50.8%)3

400,346 (- 6.1%)"

606,036 (+ 8.6%)%
163,757 (- 8.5%)3
165,655 (+ 0.5%)7
249,598 (- 8.9%)3
1,093,901 (+20.05%)
3,327,655 (+ 187%)
1,150,410 (+ 4.2%)
1,215,322 (-80.2%)6

9,596,422 (+29.4%)

726,950 (-50.1%)
386,545 (- 9.4%)
736,470 (+31.9%)7
163,313 (- 8.8%)
162,297 (- 1.5%)
282,855 (+ 3.2%)
888,391 (- 2.6%)7
2,662,229 (+99.0%)
950,003 (~14.0%)
1,211,114 (-80.3%)6
1,251,963 (+26.5%)

8,211,021 (+10.7%)

N Y o R N

Estimate calculated from the 141 segments available for estimating change.

Estimate calculated from the total sample of 206 segments.

Part of census division | was grouped with census division 12 for estimating change.

In census division 7, only agricultural land was surveyed.

Part of census division 14 was grouped with census division I3 for estimating change.

Most part of census division 19 was not in the target population.

Census division 7 was grouped with census division 15 for estimating levels.
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Hence, we can use the following equation

3 T
cv(current estimate) ) Mgz
target cv V'n current
cv(estimate)\ 2 -
to calculate nfytyre = | ——m—— current

target cv

The sainple sizes estimated froin that method are presented in tabies 1, 2 and 3 of
Appendix D. The tables can be read as follows. Assume that the cv of an estimate of
absolute change from the pilot survey is of the order of 25% and that we would like to
obtain a maximum cv of 10%. We read from table | the figure at the intersection of
the 8th row and the 5th column, which gives us 769 EAs as the sample size required to

obtain the target cv.

Table | gives sample sizes needed to improve the cv of the estimates of absolute
change, table 2 is for the estimates of relative change and table 3, the estimates of
level. Cases where the sample size required was larger than the number of EAs in the

province (1932 EAs) are indicated by dashes (---).

The results presented in these three tables apply to the target population covered by
the pilot survey. Nonetheless, by assuming that the same variations for the
characteristics of interest hold in the population of the province outside the target
population, we can extend the results of tables |, 2 and 3 to the whole province.

Extrapolating and extending the results for Manitoba to other provinces is difficult.
To do so, we would have to assume that the variations for characteristics of interest
(totals for activity/cover classes, change ratio) are similar in other provinces which is

not likely to be true.

CONCLUSION

From the tables of Appendix C showing absolute change and level estimates, we can
see that most of these estimates have very high coefficients of variation (over 25%).
Consequently, it appears difficult to estimate areas accurately from the sample used
in this survey. Moreover, tables | and 3 of Appendix D show that to obtain precise
estimates for some types of change that we could describe as "rare" (in that their
frequency is very low), we would have to survey alinost the whole province, which is

very costly.
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On the other hand, the estimates of relative change calculated from the sample
have low coefficients of variation. By looking at table 2 of Appendix D, we can

conclude that an accurate estimation of relative change seems possible from a sample.

We will summarize the observations in the preceding paragraphs by saying that the

current sample design does not allow us to estimate accurately the area changed or

even the areas under different activity or cover classes. But it is adequate to ineasure

relative change, i.e. percentage change between two time points.

Thus, we recommend that other sample designs and sampling units be investigated
for estimating land use, specially as EAs from the Census of Agriculture may not be

adequate sampling units (although the only ones available at the time).
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List of Activity Classes

Code Description
I Annual tillage crops and forage
2 QGrazing
3 Other agricultural activities
4  Summerfallow
5 Former agricultural activities
6  Productive land - forest
7 Productive land - wildlife
&  Productive land - recreation
9  Other site activities
1G  No perceived activity
List of cover classes and grouped cover classes
Not grouped Grouped
Code Description Code " Description
1 Tall trees I Tall trees
2 Small trees and shrubs 2  Small trees And shrubs
3 Cereal grains
4  OQilseeds
5 Improved grass or legumes |1
6 Other close grown crops ‘/ i T
7 Corn i
8 Beans ‘
9  Vegetables |
IO Other row crops J
Il Unimproved grasslands 4  Unimproved grassiands
12 Denuded surfaces 5  Denuded surfaces
13 Constructed cover 6  Constructed cover
l4  Water 7  Water
15 Summerfallow & Summerfallow
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Table 1: Population _and Sample Sizes (first-stage units : EAs and
second-stage units: Seaments)

Census l
Divisicn| 01 02 06 07 12 13 14
Type !
of EA !
8 L _1 3 s | 7 9 o 9%
N 38 5§ 24 38 25 37 2
Agricultural | n 16 28 10 1S 1y 16 10
i |
I
m 22 25 12 19 o il o 10
¥ 2 | - | 6 | g 1@ . 12 i 14
Non- N 1174 9 6 8 5 i 19
!
Agricultural | n 6 4 3 3 2 8 2
o 8 4 3 3 Py 8 2 B
Table 1 (cont'd)
Census | L ;
Division| 16 |3 18 10 p o 21 | ToTAL
Type | | |
of EA | !
ELET i 19 a1 ==s A T4 L o=
| N 34 {70 57 G i =2 =0 509
Agricultural n i 15 y 30 | 25 - 14 ! ~ 212
] 1 [ |
b ' =g o sl 21 - 253
R 18 20 22 L2 ! 2lE 36 ;
Non- h S i 18 20 29 8 <L 186
Agricultural | n 2 l 7 9 12 4 13 78
m 2 16 2 18 4 14 { 26
Grand N 69¢%
Total n 297
m 349

stratum number

population size (no. of EA's)
sample size (no. of EA's)

No. of sampled seagments

3 3 2w
I



Table 2: Revised Population and Sample Sizes.

197071984 193¢

Ag. Census 1970/1984 1984 Change Level

or Division Change Level Number of Number of

Stratuin  Non Ag. (CD) Nh nh nh Segments Segments
1 A 1 38 10 10 12 13
2 N-A 1 17 I* & 3 1 4
3 A 2 2/ L9 24 19 24
4 N-A 2 9 3 3 3 3
B A 6 24 0 0 0
6 N-A 6 6 0 0 0
74 A 7 38 4 5 4 6
8 N-A 7 8 0 1% € 0 L
9 A 12 26 10 10 10 10
10 N-A 12 3 1*"4‘1 2 1 2
11 A 13 BV 14 15 L4 15
12 N-A 13 19 0] 5 5
I3 A 14 22 6 A] 9 6 9
14 N-A 14 4 I1*¢ 2 i 2
15 A 15 74 102l 11 22
L6 N-A I'5 7 2 2 & 2 2
L7 A 16 34 0 0 0 0

18 N-A 16 b 0 0 0
19 A 7 70 12 24 A 29
20 N-A 17 18 2 3 6 3
21 A 18 57 13 24 Lé 30
22 N-A 18 20 6 6 6 6
23 N-A 19 29 4 4 7 8
24 A 20 32 0 3 0 7
25 N-A 20 8 0 0 0 0
26 N-A 21 31 0 0 0 0
Total 695 123 176 141 206
where * indicates a stratum which needs collapsing.

Np = number of primary stage units (EAs) in the population in stratum h.

Ny = number of primary stage units in the sample in stratum h.
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RURAL LANDUSE SURVEY --- HMANITOBA PILOT PROJECT

ESTIMATES OF CHANGE BETIEEN 1970 ANID 1984 ACTIVITY CLASSES

AREA ESTIMATES (IH HECTARES) AMD COEFFICYEHNTS OF VARIATIOM (YJ

TABLE OF ACTIVITY CLASSES

|

|

| | CROPS & FORASE | GRAZING | OTH AG ACY | SUMMERFALLON |
N B T T D e T PP D i e e D |
| | AREA | cv |  AREA ] cv | AREA | cv | AREA | cv |
| [ s P P D D b m e D domm e ]
| | ESTINATE | ESTINATE | ESTIMAYE | ESTIMATE | ESTIMAYE | ESTIMATE | ESTIMATE | ESTIMATE |
R e e i e fmm—m e D ettt D ittt D R L P T |
11970 CLASSES | | ] | | | | | |
e e | | | | | | | | |
ICROPS & FORAGE | 2714987.2| 11.81 ) N 193.0] 65.3] 4 N
------------------------------- L et et B e et B S o |
|GRAZING | a2155.1] 66.51 1155929.11 32.5] A Sl 7745.91 94.81
------------------------------- L il R D e o et R ittt St T P e |
|I0TH AG ACT | 3664.71 58.6| 875.61 100.0| 75907.8| 14.4| 924.0| 100.0]
------------------------------- L ek B B D Rt B R TR |
| SUtTIERFALLOW | Al N ol Al N . 195660.0) 20.61
| e e e TR TP PP R T D i D e o ——— e el b mm————— pmmm i — [ i |
|PROD LD-FOREST | 116033.5] 319.61 32785.31 33.21 19477.4| 40.8] 5995.71 57.91
[ L LT T N PR R fmmm $o—————— - tmm— - Fmmm e —— b ———— P bmm - |
|PROD LD-RECR | ol A A . . 3l il ol
L e T LT pomm— R i dommm e Fommm - tmmmm—————— L et b mm———— frm e m—————— |
|OTH SITE ACT | | 3| =) . N | 1) &)
------------------------------- D et Rt R e it T L e b Rl Tt PET S PE S AR |
|HO PERC ACT | 141 .41 100.0| 563.2) 100.0| 45 .61 100.01 N | N
o N R R b R dmmmmm——— bmmm e P bmrm—e————— |
ITOTAL | 2877281.91 11.51 1190153.1] 32521 95623.9] 14.11 210325.61 19.81
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RURAL LANDUSE SUMVEY --- HANITODA PILOT PROJECT

ESTIHATES OF CHAHGE BETWEEH 1970 AtID 1984 ACTIVITY CLASSES,

AREA ESTIMATES (IN HECTARES) AND COEFFICIEHTS OF VARIATIGH CY;)

TABLE OF ACTIVITY CLASSES

| | 1964 CLASSES |
| R e ettt T T Sy U |
| | PROD LO-FOREST | PROD LND-RECR | OTH SITE ACT | HO PEPC ACT |
{ | it ettt L Rt LT L R e |
| | APEA | cv | AREA | cv | AREA | cv | AREA { cy |
| | bmmmm e D bomem e D o I b |
| | ESTIMATE | ESTIMATE | ESTIMATE | ESTINATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE |
Jm e e e oo o e o D P Pommmm e [ e [ |
11970 CLASSES | | | ] | I | | |
------------------------------- | | | | | | I | |
ICROPS & FORAGE | N ol Nl N | 4902.21 62.61 N A
T o ————— A S P ———— tmm o ———— prmm - bormmmm—— P ——————
|GRAZING | A . N . | | Al .
R e T T PR R R et L atatatale R P tommm e ———— pommm - dommm e — P |
{OTH AG ACT | M| N Al . 19.61 100.0] N A
e e ———————_—— e e P ———— b ————— [ e —————— D b e e [ e I
| SUMMERFALLOW | 8 8( 8] N . | N N
------------------------------- R ik e e Attt S S s el LT TeNUP OOy GUOU O |
|PROO LD-FOREST | 2033550.9| 16.9] L[ | 7278. 21 57.71 981.71 100.0]
| m— e e L ittt D b ——— b P m Pommmee Fom o [ |
| PROD LO-RECR | 8| o 7529.0] 66.71 N | N .
B e fmmm - pommmm e D it R et pmmmm e bommmm e D i e
|OTH SITE ACT | M| al g | | 67486 .5| 35.3) N o
------------------------------- B Bt e e il ittt TNy SR UpepUn |
It10 PERC ACT | o . N N Ll 1 3129069.11 25.1]
| wmem e e e Fomm e L et D et e D ettt I D et tmmmmm———— |
|ToTAL | 2033550.9] 16.91 7529.01 66.71 79706 .51 313.3{ 3130250.81 25.1|
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RURAL 1ANDUSE SURVEY --- MANITOBA PILOT PROJECT 6 -

ESTIMATES OF CHANGE BETHEEN 1970 AND 1984 ACTIVITY CLASSES ﬂ.

AREA ESTIMATES (IN HECTARES) AHD COEFFICIENTS OF VARIATIOH (7g)

TABLE OF ACTIVITY CLASSES .&)

| AREA | cv |

= i ="y ' &

| ESTIMATE | ESTIMATE | -
------------------------------- TP Uy S |
11970 CLASSES | ] |
------------------------------- | | | g:\
|CROPS & FOPAGE | 2720082.51 11.8l =
——————————————————————————————— R e ettt |
|GRAZING | 1205830.21 33.11
T T Tt e PP IR S P e |
|OTH AG ACT | 81711.7| 14.0| {Z;
R et TP D D et |
| SUMNERFALLOW | 195660.01 20.6]
f - e D et R b | ig)
| PROD LO-FOREST I 2216102.71 16.61 ;?
R e i P oo brmemm oo | o
| PROO LO-RECR | 7529.01 66.71 (=3
Jo-emcmcmcemercecenaara e an PSR EEESEEeE ] e o
|OTH SITE ACT I 67426.5| 35.3) b= =
------------------------------- D T T ] |
11O FERC ACT | 3130019.21 25.11 =+
-------------------------- R le} m
| ToTAL | 95006421.61 12.5] g
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KUKAL LANDUSE OURVEY --~- TiARITUOA PILOT PROJELT

ESTIMATES OF CHAHGE BETHEEM 1970 AND 1984 ACTIVITY CLASSES

MABER OF gegments  INCLUDED IN THE ESTIMATIONT

TABLE OF ACTIVITY CLASSES

(S A o M
P
T
et T
e
e
b i
e T
rhE

_{.

| 1984 CLASSES |
| et e E LT |
lcrops | | } |PROD | | | | |
{ & | I ot tsutit-| LD- (FPROD | OTH | HO | [
|FOPA-IGRAZ-1 AG IERFA-{FORE-| tD- ISIVE {PERC | |
| GE | 16 | ACT ltecu | T IRECR | ACY | #CT |TOTALI
[~~=u= b b o m o b~ - D o

IHOSEGIH0GEGINOSEG INOSEG IHOSEG IHOSEG IMOSEGIMOSEGINOSEG |
$mmm e e pmm o R o ———— D bormm T |
| | | | | | | I | |
| | | | | | | | | |
| 1051 L) L] A A A 111 .1 1061
[ p— Fre=—r _ mm—— i o ——— [ — tm———— er—— ST |
| 61 90l A 21 A Al S| A 90|
b $mm——— b P $o———— - $————— pm——— $m——— |
1 3] 1l 8zl 1l o] Al 1 .1 a3l
$m——— bo—m—- bm———— bomme - tmm——— pomm—— b - |
| A 19 A 671 o] N B A 671
e b - b tomm——— tmm——- b o bm———— |
{ 301 13 9] 61 11s5| | 61 1! 115]
b D D o bmemmn b P R I |
1 . ol al | o] 9| A o | 91
tm———— R b b - - e to——m tm———- i
| N al A | o =) 661 . 66|
b b b tm———— b ——— pomm—— pemm e R o |
| 11 | v | ol A N axl a1l
- o bmmm e L P P R I tm———- i
I 1101 901 a6l 691 1151 91 69| 811 141]

i.e., number of segments with non-zero arecas in a given cell.
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RURAL LAIDUSE SURVEY --- HANITOBA PILOT PROJECT

ESTIMATES OF CHAHGE BETHWEEM 1970 AYD 1984 COVER CLASSES

AREA ESTIMATES (IN HECTARES) AID COEFFICIENTS OF VARIATICH (%J

TABLE OF COVER CLASSES

| | 1984 CLASSES |
| | m oo e e e e e e e e e |
| | TALL TREES | SHALL TREES | CEREALS | OILSEEDS |
| | TP R e et LT TR D et R e |
| | AREA | cv | AREA | cv | AREA | cv | AREA | cv |
| | EEETRENE A femmmm - R D it - $om— e tm—— e — R |
| | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE |
| ettt DR T s b mm Fomm e bmmm e m e m e o ————— pmmm tommm e frm e —————— |
11970 CLASSES | | | | | | | I |
| ~mmm e e | | | | | | | I |
ITALL TREES | 3253693.7] 19.71 18595.5] 43,01 26767.91 54.11 5396.5] 96.91
o e e fmm e ————— b ——— L ettt R oo m e D e D e ———— |
{SHALL TREES | N .1 1650521.3] 33.0] 2705.7] 59.11 3345.1] 75.8l
B ettt L L L DL B T pommm - prmm L LR i b o —————— o o |
| crROPS | | -1 12.21 100.01 1439554.3| 14.61 442762.51 15.21
e - e et L e L] oo Fomm e tomem . L D ettt R e |
[UMIMP GRASS I N 3l N ] 4900.01 95.51 N N

------------------------------- L itk bbbt T e ettt R e B |
|DENUD SURF | o1 . 5 5l A 3l e | N

------------------------------- fmm e e e e ——————
ICOHST COVER | - Al N | 5 ) | N N
| et e e L L L TR D et P Dttt e el o $om e D ittt bmmm e ———— |
IMATER | N N ll | A o N N
| om e e L ettt bommm e femmm - bommm e e D it e o ——————— |
| SUMMERFALLOH | A L] ol ) o L) N 8
| et e e T Fommm e ————— P ————— o ——— pmmm e m———— P ———— pmm e ————— pom———————— fomm—— o ——— |
| TOTAL | 3253693.71 19.7] 1669128.91 32.61 1473927.81 14.3] 451504.11 15.41
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KUKAL LANODUOLGLE OUKYVET -=-= FIANITUDA ¥ILUT FROUJELCT

ESTIMATES OF CHANGE BETHEEH 1970 AHD 1934 COVER CLASSES

AREA ESTIMATES (IN HECTARES) AUD COEFFICIENTS OF VARIAIIOPI(#‘)

TABLE OF COVER CLASSES

| : 1984 CLASSES |
I B et T SRS |
| | IMP GRASS & LEG | OTH CL GR CROPS | COoPH | VEGETAB 1
{ | it D et T L dm e - —— D et |
| |  AREA | cv | AREA | cv | APEA | cv | AREA | cv |
| Jovmmeeaaa T y S bemmcmee - e ————— T T - dmmm e - |
| | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE |
sy R R i Prmmm e e R brmmm e ————— R frmmmm————— |
11970 CLASSES l | | 1 ! | | | |
--------------- L LY | | | | | | | | |
I TALL TREES | 58569.5]| 66.6] 300.91 100.0| . A A )
------------------------------- L e B e i et et TR SN ——— |
ISMALL TREES | 22542.11 31.81 511.91 77.51 N o ot N
| B e T T TP U, o D ettt L tmmm——————— brmmmm————— b ———— Y ———— o ———— |
{CrROPS | 669156.3| 13.61 154111.7] 31.9] 78684l 92.0!} 42.3| 100.0]
------------------------------- D e B e D atadad Rt R e ot e |
JUHIMP GRASS | 36501.5]| 68.81 753.71 100.0| 1 il N .

[ Tt b T 0 T RNy R il b L e b mm—————— prmmmm————— Fom e ——— Ve ————— bormm—————— |
JOEHUD SURF | N S - H] 1) 4! Al A
------------------------------- el e it D B e B il ittt TP PR |
|CoNST COVER | N S N Bl all N Al o
Jomm e e b ————— D Fmmm e ————— LR Pmmmm o m————— b ———— P m————— |
JHATER | N sl | 2l i ] 3l K] A
| i el D e omemmce e R ettt L et D D D ettt L Amm e |
| SUIMERFALLOKW | N 8 - | N ) el .
------------------------------- L et T e bt Bl L b Tpun R S |
{TOTAL | 786769.4l 15.51 15%678.1| 31.61 7868 .41 92.0l 42.3] 1c0.0|
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RURAL LAHDUSE SURVEY --- MAHITOCA PILOT PROJECT

ESTIMATES OF CHANGE BETHWEEM 1970 AtMD 1984 COVER CLASSES

AREA ESTIMAYES (IH HECTARES) AHD COEFFICIENTS OF VARIATIOH (10)

TABLE OF COVER CLASSES

| | |
R it T B - B ——— |
| arRea | cv |  AREA | cv 1 AREA | cv | AREA | cv |
| b e et bomm e e Lt D T e {
| ESTIMATE | ESTINATE | ESTIMATE | ESTIMATE | ESTIVNATE | ESTIMATE | ESTIMATE | ESTIMATE |
T eI b ——— e ekl P brmm i ———— L eadatted o ——— b P ———— |
11970 CLASSES | | | | I | | | |
------------------------------- | | I | I | | | |
{TALL TREES | . N 30061.71 35.11 1527.81 77.31 e02.5l 75.21
R et s e P e $mmrmm————— R ad D ettt P it D b ———— D et b ———— |
ISHALL TREES | Al oL 4162 .41 87.51 3783.9) 93.4] 45.61 100.01
|rmrmmm e e m e —— e ————— R ettt L pommm o D et bmmmm pmmmm pmm o ———— P ———— |
|CROPS | 7905.7) 56.21 1068.21 80.71 78.8) 100.0]) 1205.01 70.11
e e e DL L SR L ket Pmmm - ——— P mm—————— dm———————— Pomm e ———— fmmm— brmm—————— |
JUNINP GRASS | . .l 1294882.3) 30.91 N N 2819.21 89.61
B ettt b D T e Fomm e o e Rt $ommmm e m bomm e e o ———— o —————— |
|IDEHUD SURF | 4 | N N 10842.4] 25.61 A 1
T e ittt fmm—— - dmmm e e pmm———————— bmmm e prm—— e ——— [ fmmm— |
| COHST COVER I Jl L] o1 L {] 11 1 106568.71 20.8l
T e S T S fommmm————— trmmm e ——— D Ymmrmmmm e pm—mm————— prmmmmm———— Ymom i —— pommmmm——— |
|HATER I L (] U sl e [ X i N =i
[omcmmmer e rm e e fmmmem————— $mmm e ——— tmm e ——— D D $ommm—————— frmmcoem - fmmmmmm e |
| SUMIMERFALLOW | o 81 4l A Sl | . 10
R ittt bttt et fmm e e L it $mm e D ittt L o ————— L |
| TOTAL | 7905.71 56.2| 1332174.5| 30.5| 16232.9] 28.51 110631.0] 22.11
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RUKAL LANOUSE SURVEY --- MAHITOBA PILOT PROJECT

ESTIHMATES OF CHANGE BETHWEEHN 1970 AMD 1984 COVER CLASSES

AREA ESTIMATES (IN HECTARES) AND COEFFICIENTS OF VARIATIOM (7Q)

TABLE OF COVER CLASSES

11970 CLASSES

e e - e s et e - -

| TALL TREES

|SHALL TREES

| B S oo e
|CROPS

| _______________________________
JUHIMP GRASS

ER l
---------- +
cv |
—————————— +
ESTINATE |
---------- +
|

|

|
---------- +
Al
---------- +
96 .11
---------- +
A
—————————— +
]
—————————— +
Al
—————————— +
15.21
---------- +
Al
—————————— +
15.11

SUNMERFALLOW | TOTAL ]
--------------------- L e e |
AREA | cv | AREA | cv ]
—————————— e e
ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE |
---------- R R il DT rerpu—
| ! | |

| | | }

5254.11 63.8] 3400970.01 19.11
---------- R it talah Sl T P PSP SUpp—— |
1665.61 63.9) 1689283.5] 32.21
---------- R T e BT e |
. .l 2726266.01 11.71
—————————— e it Tttt prpuupa—— |
7745.9| 94.81 1347602.6) 31.3]
---------- D i e T |
Ll N 10c42.4) 25.61
—————————— L ettt E PRy SEE R |
Al .1 104%48.8] 21.11
---------- i R St T |
S .1 148038.4) 15.2]
—————————— D e Y TP |
195660.0 | 20.6] 195660.0| 20.6|
---------- L Rk St it T TR Ry SEPEEpEp e —— |
210325.6] 19.8] %600421.61 12.5l

"€ °19eL

(P,3u0))

8-0

é%g

@

)

)

o

&

£

i



RURAL LAHDUSE SURVEY --- MAHNITOBA PILOT PROJECT

ESTIMATES OF CHANGE BETHEEN 1970 AND 1984 COVER CLASSES

MRBER OF segments  INCLUDED IM THE Esnnumu+
TABLE OF COVER CLASSES
| | 1984 CLASSES |
| R e e L L e L L E LT l
| [ | | | | P} om | | | otH | | | | Isutin- | |
| ITALL ISMALLICERE-IOILS-|CPASSICL GRI IVEGE-| ROM {UNINPIDEXUDICONSTI 1ERFA-| |
| ITREESITREES] ALS |EEDS 18 LEGICPOPSICORN | TAB (CROPSIGRASSISURF |COVERIWATERILLON |TOTALI
] |eweam tmm - - - D e o — R pmmm—— $m———— $m——— - - mmm b |
| 1NOSEGIMOSEGIHOSEG INOSEG INOSEG | HOSEG I HOSEG [HMOSEG | MISEGIHOSEG | HOSEG [MOSEG [HOSEG | HOSEG | MOSEG
|omememe e ———————————— L - b tom e b $ommme e pomm— PR T Y- P R PR PR
11970 CLASSES | | | | i | | | ( I | | | | | |
e e LT L L P e | | i i | | | | | | i | | | | |
| TALL TREES | 1191 71 12] ab - wsy 11 0| A A 121 2l 2l N 4} 1191
ocmmme et e ——— oo P pmm——— fmm——— - bmmm——— bom——— pmm——— tom——— tmmm—— pm———— bmmmm e bommm— $mm——— pm———- |
ISMALL TREES | .1 100} 4] 31 121 2l . A | 2l 3l 1l ( 31 102]
| et b ——— p———— o —— fmm———— b Pm——— o ——— pm———— e pm———— pm———— pm———— fom——— frm——— o |
|crROPS | A 11 861 64| 9sl 491 30 1] 101 3 1l 9l 21 I 1071
------------------------------- Ll e B il el R e R S il e Lttt Rtk Tt Ty TSP PP |
[UNINP GRASS { N N 21 | 310 1 al o o | 991 ol al S| 21 991
| e e e ettt pm——— e - pmm———— b o — b tomm—— - bm———- tm———— bmm——— brm——— tmm— [Epep— |
[DEMUD SURF ! N A N | A Al ) 7l | sl [270 A | al 271
------------------------------- D e e e e e e Lttt Lt e A e R el Tt |
1COtST COVER | N | .1 | N | =1 . N 2 .1 1081 | 1 106l
------------------------------- et S e B B B e B B e R R el el BTy Toreppp |
IHATER | A | N { | N | Al ) o] N N 301 N | 301
| e it et et S pmm——— tmm——- tmmm—— b tm———— m———— - bmmme dom——— D D - b D pom——— |
| SUMHERFALLDH | A | . A N N | N A o - | -l 671 671
| ettt trmm—— teome $o——- t---—- bom— e [ [ b $mm———— L $————— - tm———— bmm———— bo—m—- I
| TOTAL 1 1191 104l 871 651 103 511 31 1l 10l 99l 291 107 320 691 1411

T i.e., number of segments with non-zero arcas in a given cell.
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HUKAL LANMUUOE oURVEY =--= JTIARLIUDA FLLUT PROJECT

ESTIMATES OF CHANGE BETWECH 1970 AHD 1934 COVER CLASSES (GRDUchj

AREA ESTINATES (IN HECTARES) AHD COEFFICIENTS OF VARIATION (7&)

TABLE OF COVER CLASSES

| | 1984 CONMPRESSED CLASSES |
| | e e e e e e oo |
| i TALL TREES | SHALL TREES | CROPS | UNINP GRASS |
5 R L T ey o D it e LD T b —— e |
| | tREA | cv | ADEA | cv | AREA | cv | AREA | cv |
| R $oommm e D L o b bmmm - e |
| | ESTIMATE | ESTIHATE | ESTINATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTINATE | ESTIMATE |
R e T $mmm P L et e oo I R et aiaded bommm e
11970 CLASSES | l | | | | | | {
------------------------------- | | | | | | | | |
[ TALL TREES | 3253493.71 19.71 10595.51 43.0| 91034.81 45.2] 30061.71 35.11
------------------------------- D B O i T B e B R e |
ISHALL TREES | A | 1650521.3] 33.01 29104.8] 30.81 4162 .4 87.51
[ T T TP R b —— e pumm i ——— b m———— D L pomm—m— e F - pmmmmm e |
IcrRoOPS | M| 3l 12.2]1 100.0] 2721401.21 11.81 3068.21 80.71
e et $mmm o R it e el I Fo bmmeme L b
[UHINP ERASS | N | all I 4215511 66.51 1294832.3| 30.91
R e e T e T R o ————— fmme - ——— L ettt drmm e o em e m e p——mmm—— - fmmm e bom e |
IDEHUD SURF | N | A A Al | ol N
| e D bttt dommmmmm e R - o I R e D
|CONST COVER | N | Al ) A 1 J N
R e T T P fom P e LT L bommm e L ettt dommmmm o e e ——— o
IUATER | . | Al A K] ) | Al
----- e et e D e e B T e il e T TR e SU R ———
| SULIERFALLOY | N | L[ N | | Al N
------------------------------- R et e R B Rt D s T T ST PRSP SRR |
|TOTAL | 3253693.71 19.71 16691206.9] 32.6|1 2831695.8]1 11.4) 1332174.5] 30.5]
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RURAL LAHDUSE SURVEY --- MAHITOBA PILOT PROJECT

ESTINATES CF CHANGE BETHEEM 1970 AMD 1984 COVER cLASSES ( GROUPED)

AREA ESTIMATES (IN HECTARES) AND COEFFICIEHTS OF VARIATION LYJ

TABLE OF COVER CLASSES

| | 1984 COIPRESSED CLASSES |
| = o e e e e e |
| | DEHUD SURF | €oNST COVER i MATER | SULMERFALLOW |
| [ e e T T T e R it iabte L B L ittt atatated o e |
| |  AREA | cv I AREA | cv | AREA | cv I, eEEs | cv |
| e e et [ et L o oo |
! | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTIMATE | ESTINATE | ESTIMATE | ESTIMATE |
| e dmm e dommm e D bl D L ittt R L P —— |
11970 CLASSES | | | | | | | I |
R e | | | | | | | | |
| TALL TREES | 1527.8l 77.31 802.5] 75.21 A ! 52564.1} 63.81
------------------------------- B R ettt e B e Sl R B DL T T T TPy Sepapp——— |
[SMALL TREES | 3733.91 93.41 45.61 100.0] al Al 16¢5.61 63.91
| e e e L bmmm e m L e T LR to o ——— frmm——————— D Prm e ———— |
|croOPS | 73.81 100.0] 1205.01 70.1] 500.8] 96.11 N L {
| e e T bmmmmm e - D il e ettt P pommm o D e R |
|UHINP GRASS | | A c819.2| 89.61 A ] 7755.9]1 94,81
R ettt b D D ettt tmm———m— oo I e L e T bmmm e I el |
IDEHUD SURF I 1cca2.4]| 25.61 . 4l 3l A N |
R i L e L PSP dmmmemmme o L R it D ettt R it toeerema—an R P |
lcoNsST COVER | | .1 1loe568.71 20.8| Bl A . A
------------------------------- e it D e e e B e e B TR |
|VATER | | . . .bo142033.4] 15.21 N A
| m e e e fmm e L et pomm e bomm oo L e Py L it I fmmmmm e o |
| SUMHERFALLON | | /| l Al s | .1 195460.01 20.61
------------------------------- e e it R ettt B B T T DY (e |
|TOTAL | 16232.9]| 28.51 110631.0| 22.11 14851319, 2] 15.11 210325.61 19.81
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PURAL LANUVUIL SQUBRYOT 7757 T LIUGA TMiluUl rauddJdeed

ESTIMATES OF CHANGE PETHEEN 1970 AKD 1906 COVER CLASSES_«:KOUPEEKQ

AREA ESTIMATES (IH HECTARES) AHD CCEFFICIENTS DF VARIATION (1)

T¢BLE OF COVER CLASSES

| | 1984 COMPRESSED |
| | CLASSES !
! [ e L e PP |
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RURAL LANDUSE SURVEY --- MANITOBA PILOY PROJECY

ESTIMATES OF LEVEL FCR 1984 ACTIVITY CLASSES.
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RURAL LAHDUSE SURVEY --- MAHITOBA PILOT PROJECT

ESTIMATES OF LEVEL FCR 1984 COVER CLASSES.
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RURAL LANDUSE SURVEY --- MANITOBA PILOT PROJECT 15 )
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RURAL LAHBUSE SURVEY --- MAHITOBA PILOT PROJECT
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Table 13

Table of relative change ratio (R2) between 1984 and 1970 and coefficient of variation

(CV(R)) for activity classes.

B pa C.legﬁ)
ivity Class (%
I Annual tillage crops and forage 1.0578 205
2 Grazing 0.9870 l.e4
3 Other agricultural activities 1.17G3 9.76
4  Summerfallow 1.0750 4.07
5 Former agricultural activities - ---
6  Productive land - Forest 0.9176 2.52
7 Productive land - Wildlife --- -
S Productive land - Recreation 1.2000 0.25
9  Other site activities 1.1811 6.36
19 No perceived activity 1.0GC1 0.05

--- = nO area in this class in sampled segments



Table 14

Cc-21

Table of relative change ratio (R3) between 1984 and 1970 and coefficient of variation

(CV(R)) for cover classes.

Cover Class Rs C‘\(/%SR)
I 4Tall.Trees 0.9567 1.64
? Small trees and shrubs 0.9881 1.00
3 Crops 1.0578 2.54
4  Unimproved grasslands 0.9886 1.48
5 Denuded surfaces 1.4972 24.57
6 Constructed cover 1.0541 1.84
7 Water 1.0034 32
8  Summerfallow 1.0750 4.07
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Table 1

Table of sample size needed (in number of EAs) in Manitoba as a function of the C.V. of the
estimate of absolute change from the pilot survey and of desired level of C.V. (Estimates of

absolute change based on an initial sample size of 123).

CV of Desired C.V.

Estimnate 1% 2% 5% 7% 10% 155 20% 25% 30%
1% 123 al 5 3 2 1 1 1 l
2% 492 123 20 10 5 3 2 1 l
5% 21932+ 769 123 63 3l 14 4
7% - 1509 242 123 6l 27 16 10 7

10% --— 71932 492 251 123 b4 &l 20 14

15% --- -—- 1107 565 27 123 70 45 3l

20% - -—- 21932 1004 492 218 123 79 55

25% - -— -— 1569 769 342 192 123 85

30% - -—- -—-  >1932 1107 . 492 A7 7 177 .25

35% - — -—- -—- 1507 670 3z 241 167

40% -— - - -—-- 1932 875 492 s 219

45% -— -—- - -— - 1107 623 399 277

50% -—- -— —- ——— -— 1367 769 492 342

55% -—- -— -— —- -—- 1654 930 5 413

60% - -— -— -—- -—- 21932 1107 708 492

65% - P I - == - 1299 831 577

70% -— -— -— -— -— -— I 964 670

75% — = A = =Sl —-—- 1730 1107 769

80% — — ——- -— -— - 21932 1260 375

85% -— -— — -— -— -— - 1422 987

90% -— -— -—- - -— -—- -—- 1594 1LOF

95% -—- - -— -— -—- -—- -—- 1776 1233

100% -— -— - - -— -— -—- 21932 1267

*There is a maximum of 1932 EAs in Manitoba.

Note: The sample size in terms of number of segments is approximately the same as we
select an average of | segment per EA in Manitoba.



Table 2

D-2

Table of sample size needed (in number of EAs) in Manitoba as a function of the C.V. of the

estimate of relative change from the pilot survey and of desired level of C.V. (Estimates of

relative change based on an initial sample size of 123).

CV of Desired C.V.

stunate 0.5% 1.0% [.5% 2.0% 2.5% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 10.0%
0.5% 123 31 14 g 5 b 2 2 1 1 | l L
1.0% 492 123 55 31 20 14 8 5 4 3 2 2 2
1.5% 1107 277 123 70 45 31 13 12 g 6 5 4 3
2.0% Y1932 492 219 123 79 55 3! 20 14 11 8 7 5
2.5% -—— 769 342 193 123 86 48 %l 22 17 12 10 g
3.0% --- 1107 492 277 178 123 70 45 31 23 18 14 12
4.0% -—- 21932 875 492 315 219 123 79 55 41 21 25 20
% - -—- 1367 769 492 342 193 123 36 63 48 33 31
6.0% --- -— 21932 (107 709 492 277 _ 1783 123 9L 70 55 45
7.0% -— - -— 1507 965 670 377 242 168 123 95 75 6l
3.0% --- -—- == PI932 1260™ BFA "2 L5 | 2l9° el 123 98 79
9.0% - -—- -—- -— 1595 1107 623 399 277 204 156 123 100
0.0% - -—- --- —- 1932 1367 769 492 342 252 193 152 123

tThere is a maximum

of 1932 EAs in Manitoba.



Table 3
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Table of sample size needed (in number of EAs) in Manitoba as a function of the C.V. of the

estimate of level from the pilot survey and of desired level of C.V. (Estimates of level based

on an initial sample size of 176).

CV of Desired C.V.

Estimate 1% 2% 5% 7% 10% 15% 20% 25% 30%
1% 176 44 7 4 2 l | l l
2% 704 176 29 15 7 4 2 2 l
5% Arase 1100 176 90 44 20 11 7 5
7% -— 21932 345 176 &7 39 42 14 10

10% -— - 704 360 176 i 44 29 29
15% - -—- 1584 809 3% 176 99 64 44

20% --- -—- 21932 1437 704 g 176 143 78

25% -— --- -—- 21932 1100 489 273 176 122

30% -—- --- -—- - 1584 704 396 V.5 p 176

35% ~—- - --- -—- 1932 958 539 345 240

40% -— -— -—- ——- - 1252 704 451 313

45% -— -—- -—- - -— 1584 891 570 396

509% - — = ot - 21932 1100 704 489

55% -— -—- -— -— --- -—- 1331 352 592

60% -— ——- -— -— ——- --- 1584 1014 704

65% === — e = — — 1859 1190 826

70% - -— -—- -— - -—-- 21932 1380 958

75% -— -—- --- --- - - -— 1584 1100

80% -— --- --- -—- -— -—- -— 1802 1252

85% -— -— - -— -— -—- -— 71932 1413

90% -— --- --- -—- - -—- -—- -—- 1584

95% -—- - -—- -—- --- --- -— -~ 1765

100% -—- --- - --- --- - -— - 1932
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