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ABSTRACT

Mapped shrub area and estimated shrub area are different quantities when classification errors are asymmetric. This
methods note synthesises area-assessment guidance, Arctic vegetation-map documentation, and image-quality infor-
mation. It separates class definitions, spatial support, sampling design, and reference interpretation before introducing
a fictional stratified confusion matrix. The worked calculation shows how an apparently accurate map can omit a
substantial share of shrub vegetation and how design weights alter area and accuracy estimates. The note addresses
rare classes, clustered validation, uncertain reference labels, positional error, and change-map interpretation. It does
not evaluate an actual Arctic map or produce corrected pixels. Its reporting implication is to retain mapped totals,
sample-based area estimates, weighted error matrices, and uncertainty separately, so users can distinguish a regional

area claim from confidence in any individual location.
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A source-based editorial text, not a report of original Still North research. Examples and imagery are illustrative.

A map can locate vegetation and miscount

its area

Counting pixels labelled shrub tundra gives the area
mapped as shrub tundra. It does not automatically give
an unbiased estimate of the area actually meeting that
definition. Some shrub locations may be omitted, while
other vegetation may be assigned to the class. These
errors need not balance, and a high overall accuracy can
conceal substantial uncertainty in a relatively uncommon
vegetation type. The practical question is how a reference
sample can turn a classification map into a defensible area
estimate.

This methods note synthesises Olofsson and col-
leagues' area-estimation guidance, the original Circumpo-
lar Arctic Vegetation Map description, and USGS image-
quality documentation. It addresses a simplified shrub
versus non-shrub map to make the statistical logic visible.
The numerical matrix is fictional and is not an assessment
of any published Arctic product. No classifier is trained,
no regional area is estimated, and no ecological trend is
claimed here.

Define what the class means at the mapped

scale
A shrub class needs an operational definition: vegetation
height or cover criteria, dominance rules, treatment of
mixed communities, and a spatial assessment unit. A
one-metre botanical quadrat and a thirty-metre pixel do
not represent identical vegetation supports. A location
with scattered shrubs might satisfy one legend but not
another. Classification disagreement can therefore arise
from inconsistent definitions rather than poor image in-
terpretation.

The Circumpolar Arctic Vegetation Map paper de-
scribes an expert, photo-interpretive map published at
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a very broad scale, with polygons generally portraying
zonal vegetation. That product is valuable for a biome-
wide question. It should not be treated as a fine-resolution
reference label for every small plot. A map legend,
minimum unit, and intended scale are part of the mea-
surement, not optional introductory information.

The target population should exclude only areas
excluded by the actual question. Permanent water or
glacier surfaces might fall outside a terrestrial vegetation
estimate, but cloud-covered terrain is not automatically
absent from it. If the region includes unclassified land, its
area and treatment must be explicit. Restricting the result
to clear-sky pixels may be legitimate, but changes the
population to which the estimate applies.

Sampling and response design do different
jobs

The sampling design selects locations for assessment.
A probability design provides known inclusion probabil-
ities and supports design-based estimates of accuracy
and area. Stratifying by mapped class is useful when
a rare class would otherwise receive too few reference
observations. Oversampling that class is not a problem if
the analysis retains the selection weights. Ignoring those
weights is the problem.

The response design determines the best available ref-
erence classification at each location. It includes imagery
or field evidence, dates, interpretation rules, and proce-
dures for uncertain cases. Reference labels should be more
reliable than the map labels being assessed and should not
simply repeat the same automated classification. Holding
back reference observations from model training helps
prevent circular assessment, but independence alone does
not make ambiguous reference material correct.


https://www.usgs.gov/publications/circumpolar-arctic-vegetation-map
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Mapped class
Shrub 40 10
Non-shrub 5 45

Olofsson and colleagues emphasise sampling, response
design, and analysis as connected components. Their
guidance also recognises uncertainty in reference classifi-
cation. A validation spreadsheet should retain interpreter
disagreement, timing mismatch, and missing evidence
rather than transforming every doubtful location into an
unquestionable truth. Adjudication can improve consis-
tency if its rules are recorded and do not use the desired
accuracy result as a criterion.

Worked example: why raw matrix totals are

not area totals

Fictional worked example. A map labels 20% of a re-
gion as shrub and 80% as non-shrub. Fifty reference units
are sampled randomly within each mapped class. Rows
below represent mapped classes; columns represent refer-
ence classes. The equal sample sizes intentionally give the
smaller mapped class more attention than proportional
sampling would.

Within mapped shrub, 40 of 50 reference units agree,
giving an estimated shrub user's accuracy of 80%. Within
mapped non-shrub, 5 of 50 are reference shrub, an esti-
mated omission into that large mapped class of 10% of its
area. The area-adjusted shrub proportion is 0.20 x 40/50 +
0.80 x 5/50 = 0.24. The estimate is 24% shrub, not the map's
20% and not the reference sample's unweighted 45%.

The estimated area proportions in the four matrix cells
are 0.16, 0.04, 0.08, and 0.72. Their diagonal sums to an
estimated overall accuracy of 88%. Shrub producer's accu-
racy is 0.16/0.24, approximately 67%: about one-third of
estimated shrub area lies outside the mapped shrub class.
Thus a map can have 88% overall accuracy while missing
a consequential share of the vegetation class of interest.

For a hypothetical 1,000-square-kilometre region,
mapped shrub area is 200 square kilometres, while the
sample-based area estimate is 240 square kilometres. This
adjustment does not identify every mislabelled pixel or
produce a corrected map. It improves estimation of the
total using the sample. A user planning a route to individ-
ual shrub patches still needs spatial information and local
validation; an area estimate answers a different question.

Uncertainty follows the selection design
Each estimated row proportion comes from a finite
reference sample. It therefore has sampling uncertainty:.
Combining rows requires their mapped area weights and
a variance estimator appropriate to the design. A simple
stratified random sample differs from clustered flight lines
or spatial blocks. Treating every neighbouring pixel in
one surveyed patch as an independent reference location
can exaggerate precision, even if the matrix arithmetic is
otherwise correct.

Sample allocation should follow the reporting prior-
ities. More observations in a rare mapped class can
improve its user's accuracy estimate, but producer's accu-
racy also depends on omissions hidden in other classes.
A large non-shrub class can contain substantial omitted
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Reference shrub | Reference non-shrub | Sample total | Mapped area share

50 20%
50 80%

shrub area even when its error proportion is small. Spend-
ing all validation effort on obvious shrub patches leaves
that potentially important term poorly constrained.

Normal-approximation intervals can behave badly
with very small samples, rare errors, or near-zero cell
counts. A zero observed omission does not prove zero
omitted area. Publish the design, sample counts, weights,
estimator, and interval method so readers can assess the
result. Precision should be chosen for the decision, rather
than converted into a universal requirement that every
map exceed one convenient accuracy percentage.

Images can disagree before vegetation

changes

Reference and map observations should represent com-
patible seasons and dates. Late snow, flooding, cloud
shadow, or phenological stage can alter appearance. USGS
quality-band documentation distinguishes cloud, cloud
shadow, snow, saturation, and other conditions. These
flags are useful evidence for response design, not guar-
antees that every retained pixel is a perfect view of
vegetation.

Location uncertainty is particularly important at patch
edges. If a field coordinate is displaced into adjacent
vegetation, the assessment can confuse geolocation error
with thematic error. The remedy is not to discard all
edges, because doing so changes the sample population
and can inflate accuracy. Instead, define the spatial unit
and reference interpretation rules, document positional
uncertainty, and evaluate how plausible displacement af-
fects the classification.

A change map adds another layer. Subtracting shrub
areas from two independently classified maps does not
by itself estimate the uncertainty of change. Errors can
be correlated across dates, and apparent transitions can
result from class confusion. A reference design that evalu-
ates the transition itself can be more informative than two
unrelated accuracy scores. Consistent class definitions are
necessary, but do not alone establish consistent detection.

Limits and a useful map claim

The binary example omits the rich ecological variation
that motivates tundra mapping. Adding classes may make
the map more meaningful while increasing the reference
effort needed for rare categories. A class-area adjustment
also cannot rescue a map whose definitions or spatial sup-
port do not match the intended question. In such cases,
a different product or a narrower claim may be required
before any matrix is calculated.

A useful statement distinguishes mapped area, sample-
estimated area, spatial accuracy, and ecological interpre-
tation. Publish the weighted matrix beside the attractive
map, not hidden behind a single overall percentage. This
gives readers a way to ask whether shrub extent is gen-
uinely constrained and which next reference observations
would improve it. The aim is not a flawless legend. It is


https://doi.org/10.1016/j.rse.2014.02.015
https://www.usgs.gov/landsat-missions/landsat-collection-2-quality-assessment-bands
https://www.usgs.gov/landsat-missions/landsat-collection-2-quality-assessment-bands
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an area claim whose definition, evidence, and uncertainty
can be followed.
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