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Testing Land-Use Map Accuracy: 
Another Look 

Acceptance sampling, together with the binomial probability 
density function, provides a basis from which a sound 
statistical methodology for map accuracy validation may be 
developed. 

INTRODUCTION 

T HE PRODUCTION of land-use maps has be- 
come a relatively simple matter with the 

recent wide availability of both high altitude 
photography and satellite imagery. Unfortu- 
nately, statistical specification of the classifi- 
cation accuracy of such maps remains a 
problem. 

Two recent papers (Genderen and Lock, 
1977; Hord and Brooner, 1976) point out the 
many advantages of image-derived land-use 

the  results of image interpretation are 
checked against the N ground truth samples 
and the map is accepted as accurate if X or 
fewer of the ground truth samples are mis- 
classified. It is further assumed that misclas- 
sification of a given area can be unambigu- 
ously determined (i.e., it is either right or 
wrong). This definition of the problem is es- 
sentially the same as that of both van Gen- 
deren and Lock (1977) and Hord and Brooner 
(1976). As suggested by Genderen and Lock 
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maps, and suggest procedures which might (1977) ground truth samples should, if possi- 
be used to statistically establish classifica- ble, be collected using stratified random 
tion accuracy. However, the methodology sampling. 
suggested in both papers is questionable Any sampling schemeidecision rule 
from either an operational or a statistical adopted for this problem should satisfy three 
standpoint. criteria: 

 he sampling problem as defined here is 
It should have a low   rob ability of ac- the determination of the optimal number, N, cepting a map of low accuracy; 

of ground truth samples and an allowable It should have a high  roba ability of ac- 
number, X, of misclassifications of these cepting a map of high accuracy; and 
samples. Once these have been determined, ~t should require a minimum number, N, of 

ground truth samples. 

* N~~ with the ~ i ~ i ~ i ~ ~  of ~ i ~ l ~ ~ i ~ ~ l  and With the first and third criteria in mind 
Medical Research, Argonne National Laboratory, Genderen and Lock (1977) suggest that ac- 
Argonne, Illinois 60439. cepting only those maps which show no er- 
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rors in a sample of 20 will result in a proba- 
bility ofless than 0.05 (P < 0.05) of accepting 
a map whose parametric accuracy proportion 
(Q) is 0.85 or less (Q s 0.85) and that ac- 
cepting no errors in a sample of 30 will result 
in P < 0.05 of accepting maps in which Q s 
0.90. The authors further point out that these 
are nearlv the minimum number. N. of 

served proportion correct is calculated as 

- N - X  Q = -. 
N 

The 95 percent interval is expressed as 

, , 

ground truth samples for which one can ob- 
tain P < 0.05 when given the respective Q 
values. 

While the authors' arguments are correct, 
their procedure ignores the second criterion. 
The probability of rejecting a map of accu- 
racy Q may be determined by 

Thus, if one accepts only those maps which 
show zero errors in a sample of 30, P = 0.785 
for Q = 0.95 and P = 0.260 for Q = 0.99. That 
is, the probability of rejecting a map which is 
95 percent accurate is roughly 8 in 10 and 
the probability of rejecting a map which is 99 
percent accurate is approximately 1 in 4. 
This feature could well result in large 
amounts of time and monev s ~ e n t  recheck- . A 

ing maps which were acceptably accurate. 
Hord and Brooner (1976) take a somewhat 

different approach in suggesting that one 
obtain a 95 percent confidence interval 
about Q based on the sample size N and 0, 
the observed proportion correct. The ob- 

where Q, and Q,  are the upper and lower 
proportion values, calculated from 0 and N, 
between which the parametric proportion Q 
lies with probability 0.95. Once N has been 
determined one is instructed to select a 0 
(and, thus, an X value) value such that the 
lower limit of the interval, Q,, is greater than 
some objectionable value, say 0.80. 

This procedure also satisfies the first crite- 
rion in that the probability of accepting a 
map of low accuracy is small. However, it 
does not address the second criterion, and, 
since it assumes N to be previously deter- 
mined, provides no guidance with regard to 
the third criterion. A further difficulty as- 
sociated with this methodology is that it rec- 
ommends the normal distribution as an ap- 
proximation to the binomial. When, as is the 
case here, the parametric proportion Q is of 
the order 0.90, this procedure gives a rela- 
tively poor approximation to the true confi- 
dence interval unless N is large (600) (Coch- 
ran, 1977). In this regard, a table of exact 
confidence intervals may be found in Rohlf 
and Sokal (1969). 

Exact p Q ,  = 0.90 

0.0480 0.8163 
0.0420 0.8304 
0.0366 0.8436 
0.0320 0.8558 
0.0279 0.8671 
0.0243 0.8776 
0.0212 0.8874 
0.0184 0.8964 
0.0160 0.9047 
0.0139 0.9124 
0.0486 0.7772 
0.0431 0.7914 
0.0382 0.8049 
0.0339 0.8176 
0.0300 0.8296 
0.0265 0.8410 
0.0234 0.8516 
0.0207 0.8617 
0.0183 0.8711 
0.0161 0.8800 
0.0460 0.7497 

a Values 
0.95 
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TABLE 2. OPTIMAL SAMPLE SIZES (N), THEIR ASSOCIATED CRITICAL VALUES (X), A N D  VALUES OF a FOR 

Ql = 0.90,0.95,0.99, WHEN Q ,  = 0.85, N = 1,400. PART 1 OF THE TABLE IS FOR /3 = 0.05; PART 2 IS FOR 

p = 0.01. To USE THIS TABLE TO DETERMINE AN OPTIMAL SAMPLE SIZE AND CRITICAL VALUE (GIVEN 
Qz = 0.85; IF Qz = 0.90, USE TABLE 3.) FIRST DETERMINE THE DESIRED p VALUE. IF /3 = 0.05 USE PART 1; 
IF P = 0.01 USE PART 2. THEN DETERMINE THE Q, AND a VALUES OF INTEREST. READ DOWN THE COLUMN 

HEADED BY THE APPROPRIATE Q1 VALUE UNTIL A N  a SMALLER THAN THAT DESIRED IS ENCOUNTERED. 
FOLLOW THIS ROW TO THE RIGHT TO FIND THE DESIRED N AND X VALUES. 

Part 1: p = 0.05 
a Values 

Q = 0.90 0.95 0.99 

D ~ s c u s s ~ o ~  developed from a branch of statistics known 
as acceptance sampling (Guttman et  al . ,  

A procedure for determining a sample 1971; Vaughn, 1974) which is concerned 
size, N, and an allowable number of errors, with statistical procedures for determining 
X, which satisfies the three criteria may be  whether large lots of manufactured articles 
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TABLE 2 . 4 o n t i n u e d  

Part 2: p = 0.01 
a Values 

X Q = 0.90 0.95 0.99 

are of acceptable quality. The case where 
such articles are either defective or non- 
defective provides a direct analogy to the 
map accuracy problem because we can con- 
sider any land-use map to be made up of a 
large number of potential ground truth sam- 
ples (articles) which are either correctly 
classified (non-defective) or misclassified 
(defective). 

In the map accuracy problem, where the 
number of articles in the lot is virtually infi- 
nite, a sampling plan may be based on the 
binomial probability density function 
(p.d.f.). The binomial p.d.f. is given by 

f(Y;N,Q) = 
N! 

Qh?-' (1 -Q)Y. (3) 
(N  - Y)! Y!  

This function describes the probability of 
getting exactly Y misclassifications in a sam- 
ple of N drawn from a population with a 
parametric accuracy proportion Q. 

One first determines a low accuracy pro- 
portion, Q,, which one wishes to reject with 
probability (1 - p). The quantity, p, which is 
equal to the probability of accepting an inac- 
curate map is known as "consumer's risk" in 
acceptance sampling. 

Once Q2 and p have been determined one 
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TABLE 3. OPTIMAL SAMPLE SIZES ( N ) ,  THEIR ASSOCIATED CRITICAL VALUES ( X ) ,  AND VALUES OF a FOR 

Q I  = 0.95, 0.97, 0.99, WHEX Qz = 0.90, N = 1,400. PART 1 OF rHE TABLE IS FOR P = 0.05; PART 2 IS FOR 

p = 0.01. To USE THIS TABLE TO DETERMINE A N  OPTIMAL SAMPLE SIZE AND CRITICAL VALUE (GIVEN 
Q z  = 0.90; IF Q2 = 0.85, USE TABLE 2.) FIRST DETERMINE THE DESIRED P VALUE. IF P = 0.05 USE PART 1; 
IF /3 = 0.01 USE PART 2. THEN DETERMINE THE Q1 A N D  a VALUES OF INTEREST. READ DOWN THE COLUMN 

HEADED BY THE APPROPRIATE Q, VALUE UNTIL AN a SMALLER THAN THAT DESIRED IS ENCOUNTERED. 
FOLLOW THIS ROW TO THE RIGHT TO FIND THE DESIRED N AND X VALUES. 

Part 1: p = 0.05 
a Values 

N X Q1 = 0.95 0.97 0.99 

29 0 0.7741 0.5866 0.2528 
46 1 0.6768 0.4032 0.0775 
61 2 0.5939 0.2767 0.0234 
76 3 0.5307 0.1943 0.0072 
89 4 0.4606 0.1297 0.0021 

103 5 0.4110 0.0901 0.0006 
116 6 0.3607 0.0608 0.0002 
129 7 0.3178 0.0412 0.0001 
142 8 0.2809 0.0280 0.0000 
154 9 0.2429 0.0183 0.0000 
167 10 0.2157 0.0125 0.0000 
179 11 0.1871 0.0082 0.0000 
191 12 0.1624 0.0054 0.0000 
203 13 0.1411 0.0035 0.0000 
215 14 0.1227 0.0023 0.0000 
227 15 0.1068 0.0015 0.0000 
239 16 0.0931 0.0010 0.0000 
251 17 0.0811 0.0007 0.0000 
263 18 0.0708 0.0004 0.0000 
275 19 0.0618 0.0003 0.0000 
286 20 0.0524 0.0002 0.0000 
298 2 1 0.0458 0.0001 0.0000 
310 22 0.0400 0.0001 0.0000 
32 1 23 0.0339 0.0000 0.0000 
333 24 0.0297 0.0000 0.0000 
345 25 0.0260 0.0000 0.0000 
356 26 0.0221 0.0000 0.0000 
368 27 0.0193 0.0000 0.0000 
379 28 0.0164 0.0000 0.0000 
391 29 0.0144 0.0000 0.0000 

picks a value of N and, using Equation 3, 
finds the largest value, X, such that 

The value X as defined by Equation 4 is our 
critical value, because we will reject our 
map as being inaccurate if it shows more 
than X misclassifications in our N ground 
truth samples. Having determined X, one 
may now use Equation 3 to calculate the 
probability, a, of rejecting a map of some 
high accuracy proportion, Q,. The quantity 
a, known as "producer's risk" in acceptance 
sampling, is given by 

N 

a =  1 f(Y;N,Q,). (5) 
Y=X+1 

It may be noted that, because the binomial 

p.d.f. is discrete, several values ofN have the 
same associated critical value X. Further, for 
any fixed critical value X, low accuracy Q2, 
and consumer's risk p ,  the smallest as- 
sociated N value always yields the lowest 
producers risk, a. Table 1 shows values ofN 
from 30 to 50 and theirx values, for p = 0.05, 
Q, = 0.85, together with the a values as- 
sociated with Q, = 0.90, 0.95, 0.99. Consid- 
ering the column labeled "Exact P", which 
is equal to the left side of Equation 4, we see 
that, by increasing N for fixed X, we are in 
effect reducing our true consumers risk 
(Exact p) far below its nominal value, at the 
expense of inflating the producers risk (a). 
Thus, for fixed f i  and X the minimum as- 
sociated N value may be considered optimal 
since it also minimizes producers risk. 

Table 2 presents the optimal values of N 
which occur between N = 1 and N = 400 for 
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TABLE 3 . 4 o n t i n u e d  

Part 2: p = 0.01 

Q ,  = 0.95 
(Y Values 

0.97 

Q, = 0.85, p = 0.05,0.01, together with their 
associated critical values (X) and a values for 
Q, = 0.90,0.95,0.99. Part 1 of the table is for 
p = 0.05, part 2 forp = 0.01. Table 3 presents 
the same information except Q2 = 0.90 and 
Q, = 0.95, 0.97, 0.99. (These tables were 
produced by a FORTRAN program written by 
the author. Copies of the program listing are 
available on request.) 

In order to use these tables to determine 
the number of ground truth samples re- 
quired to establish map accuracy, one should 
first have an accuracy proportion which is 
considered low (Q,). If Q, = 0.85 use Table 
2; if Q, = 0.90 use Table 3. One must then 
determine the desired probability of ac- 
cepting a map of low accuracy (consumers 
risk or p )  If p = 0.05, use part 1 of the table; 
i fp  = 0.01, use part 2. One now should pick 
an accuracy value which is considered high 
(Q,) (for Table 2, Q, = 0.90, 0.95, 0.99; for 
Table 3, Q, = 0.95, 0.97, 0.99) and some ob- 
jectionably large consumers risk, a.  Having 
done this, one reads down the column 
headed by the appropriate Q I value until one 
encounters an a value smaller than the one 
selected above. Moving to the left along the 
row in which this a occurs one finds the N 

and X values required to produce this a,  
given our previously determined Q,, Q1, and 
p values. One then collects N ground truth 
samples, checks the corresponding points on 
the map against them, and accepts the map 
as accurate if X or fewer of the samples are 
misclassified. 

For an example, say we consider an inac- 
curate map to be one in which the proportion 
correctly classified is 0.85 or less. Therefore 
Q, = 0.85 and we use Table 2. Say further 
than an acceptable consumers risk (p) is 0.05. 
We are therefore using part 1 of Table 2. Let 
us also assume that we want to have a proba- 
bility of rejecting a map which is 95 percent 
accurate (Q, = .95) of less than 0.05 (a = 
0.05). We therefore enter the column headed 
by 0.95 and read down until we encounter a 
= 0.0432. Reading across, we find that N = 
93 and X = 8. Thus, we take 93 ground truth 
samples and accept our map as accurate if 8 
or fewer of these samples are misclassified. 

The choice of Q2, Q,, p, and a may be ex- 
pected to vary with the mapping task at 
hand. In general Q2 = 0.85 or 0.90 seems a 
reasonable specification for minimal accu- 
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racy requirements, and user satisfaction 
would seem to preclude consumers risk 
probabilities of greater than 0.05. 

Producers risk and the associated problem 
of determining just what high accuracy is, 
are more flexible. If one feels that his maps 
are essentially perfect, and that specifying 
accuracy is merely a matter of formal verifi- 
cation, taking the smallest possible sample 
and accepting the map only if no errors are 
found (as in van Genderen and Lock, 1977) 
might be attractive in that this approach does 
minimize the cost of ground truth sampling. 
However. if one should reiect a man. one 

L ,  

must presumably correct it, which might be 
expensive. Thus, larger ground truth sample 
sizes which provide protection to good but 
not perfect maps would seem preferable. For 
routine mapping tasks, which should be very 
accurate, taking Q, = 0.99 and a = 0.10 
would require no more than 81 samples 
(Table 3, part 2, row 3) and would give con- 
siderable protection against rejection of ac- 
curate maps. In cases where map accuracy 
might be lower, one might want greater 
protection against rejecting acceptable maps 
and thus might opt for larger ground truth 
sample sizes. In any of these cases, given 
established values for a,  p, Q,, and Q,, the 
methodology outlined here will allow one to 
select the minimum ground truth sample 
size, N, and allowable number of errors, X, 
which satisfy these restrictions. Tables 2 and 
3 can, in most cases, be used to look up the 

required N and X directly. For combinations 
of Q,, Q2, a, or p not given, Equations 4 and 
5, together with the fact that, for fixed X and 
p, a is minimized by the smallest N satisfy- 
ing Equation 4, can be used to find the re- 
quired solution. 
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