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Abstract. Accuracy assessment is an essential question in landscape analysis. Retrospective mapping is a
special field of landscape ecology where ground control data is not always available thus mapping
methods should use successive pairs of maps where historical maps are the reference data. However, the
agreed methods of accuracy assessment, like error matrix and Kappa statistics, only measure the
similarity of the maps but do not consider if land cover transitions are possible or not. This paper
introduces a method that combines successional data with image change detection. Accuracy assessment
had three major steps: (1) calculating error matrices and Kappa, (2) creating ‘change maps’, (3)
identifying impossible changes using successional patterns. To prove that agreed methods can lead to
false results, impaired maps were generated with increased distribution of incorrect changes. Results
show that although the distribution of impossible changes was significantly higher, there was no change
in observed agreement and Kappa value. The incorrectly mapped area increased during all periods. The
cumulative error increased as well, suggesting that the reference map played a greater role in the
incorrections of retrospective maps. Our paper suggests that considering succession patterns in
retrospective mapping studies can lead to a higher accuracy.
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Introduction

It has been recognised that without adequate retrospective field data it’s difficult to
assess long-term change detection studies (Liira et al. 2010), but the rapid development
of GIS and remote sensing techniques gives new opportunities in vegetation science.
Aerial photos and satellite imagery serve retrospective mapping and are available from
the early 1950s and before.

Multitemporal satellite imagery (Yuan et al. 2005, Langake et al. 2007) and satellite
derived NDV1 (George et al. 2006, Jamali et al. 2014) are common methods to evaluate
historical land covers. Similar retrospective maps can be also generated from military
survey maps (Skalo§ et al. 2011) or aerial photographs (Kadmon and Harari-Kremer
1999, Hyvonen and Anttila 2006, Plieninger 2006). However, as ground control data
was available the accuracy of the retrospective maps could be easily calculated and the
level of accuracy was rather high.

To test the accuracy of a historical map, error matrix (Congalton and Green 1999),
and Kappa statistics (Cohen 1960) are agreed methods (Stehman and Czaplewski 1998)
but for long-term retrospective mapping the lack of ground reference data can lead to a
limited application of these methods (Foody 2002).
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Recent studies also suggest (Pontius and Milsetone 2011, Foody 2011) that standard
accuracy designs are not appropiate. These methods only measure the similarity of the
maps, or even the changed area, but tell nothing about the quality of the changes. This
means that results do not reveal whether the changes lead to natural succession, or they
were the results effetcs of human activity.

Changes in land cover can be analysed with the more complex change detection error
matrix, but the method cannot solve the problem of impossible changes which are the
result of inaccurate georeference, or incorrect mapping (Cserhalmi and Bird 2012).
Retrospective mapping disregarding impossible changes can result in a map that is
incorrect from an ecological/botanical point of view, even though its overall accuracy is
high. This means that the margins of vegetation patches can be correct even though the
changes for the consecutive periods are impossible.

There are two explanations for impossible changes. First, changes that never occur in
nature, and second, human impact (e.g. an industrial building at the site of a former
grassland) but this can be regarded as a possible change when we reveal the history of
the site. Thus in change detection analysis the key question is to separate possible
changes from all of those that are not possible considering all circumstances.

Foody (2011) suggests that standard methods cannot be used for such change
detection studies. New methods should be developed to improve historical retrospective
maps by eliminating such thematic incorrections.

The main goal of this paper is to present a GIS based method that combines the
agreed methods with vegetation and successional data to eliminate incorrect land cover
change in retrospective studies. The study also would like to demonstrate that
considering only accurate error matrices and strong agreement of Kappa statistics can
still lead to a false biological result.

Materials and methods

Nyires-t6 mire is a Sphagnum dominated peatland, located in North-Eastern
Hungary. The oxbow is approximately 750 meters long and has an average width of 80
meters. The first archive paper-based map was made by Simon (1960). There is no
control map for an almost fifty-year period until Nagy (2006) published the first digital
vegetation map of the area. As the land cover categories were different for the two
maps, the digitalisation of the Simon map could not serve as a satisfactory control map.

For thematic harmonisation some plant associations of the Simon map (specially for
grass types) were merged, like Alopecuretum pratensis, Lolio-Plantaginetum and
Agrostetum albae, which have similar texture and cannot be separated based on aerial
photos. Some plant communities are considered as sub-associations thus they were also
merged, hence 8 classes were used instead of 14. However, we had to introduce two
new classes, as Rubo-Robinietum and Salicetum albae were not present in the mire in
the 1950s. Thus, a total of 10 categories was used.

Detailed methodology for retrospective maps was described previously (Cserhalmi et
al. 2011). Six retrospective maps were available, with the following image acquisitions
dates: 1956, 1966, 1975, 1988, 1997 and 2002 (Cserhalmi et al. 2010). As all images
were taken in the vegetation period, the foliage was well developed and did not
influence the mapping. The strongly different textures of the major land cover
categories (tree dominated, shrub dominated, tall sedge, grass type, and raised bog) also
helped the mapping process.
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The current vegetation map served as a control for the first retrospective map (2002),
which in turn was used as control for the second retrospective map (1997), and so forth.
Using newer maps as controls, the following factors were considered to create
thematically correct older maps: spatial distribution of associations on the newer map,
climatic factors of the acquisition dates, possible succesional steps between the
acquisition dates and visual interpretation, if needed.

Accuracy assessment had three major steps:

1. Calculating error matrices and Kappa statistics

2. Creating ‘change maps’ with successive pairs of retrospective maps

3. Indentifying impossible changes considering succession patterns, and creating
‘impossible changes map’.

The first step followed the methods of Congalton and Green (1999) and Cohen
(1960). To create ‘change maps’ a numeric thematic value was used for every single
landcover category (plant association). Maps were evaluated with ArcView 3.1 using
the following formula:

Cij= (10 x A)) + A

where C;j; is the "from-to" change category containing vegetation associations for
both date i and date j, A; is the thematic value of the association present in the cell at
date i, and A is the thematic value of the association present in the cell at date j, and
date A; is older than A,

This formula delivered change categories whose first and second digits indicated the
vegetation associations of the first (older) and second (newer) phases, respectively. This
separated changed and non-changed areas without any botanical relevance. The formula
works properly with 10 classes, a higher number of classes can lead to confusing
results. With this method altogether five ‘change maps’ were evaluated.

As the area was protected for the study period, there was no direct, visible human
impact on the vegation, thus using successional patterns was sufficient to evaluate
changes. As they not take place in nature (e.g. acacia plantation turns to raised bog,
alder carr changes to grass dominated habitats) they can be considered as the thematic
incorrection of the retrospective maps.

For visualisation of impossible changes the above formula was used. ‘Change maps’
were reclassified with the help of succession patterns creating two new categories: (1)
impossible changes and (0) correctly mapped area. This one was called ‘impossible
changes map’. For succession patterns we considered the works of Simon (1960), Nagy
(2002) and Cserhalmi et al. (2011). The distribution of impossible changes was
calculated and compared to the total area. ‘Impossible changes maps’ were also
aggregated showing the cumulative error based on the interpreter.

To demonstrate the limitations of error matrix in retrospective land cover analysis,
impaired vegetation maps were designed, where some of the land cover categories were
changed to increase the distribution of impossible changes. These maps show that not
taking into account successional patterns may result in maps that are incorrect from a
biological perspective. Accuracy assessment followed the same steps mentioned above.
Data were analysed with the statistical program R (R Development Core team, 2012)
using Fisher’s test and Bonferroni-Holm correction.
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Results

As it was a retrospective analysis, the first period refers to the newest maps, the
second for the older one, and so forth. Table 1 shows the accuracy assessment of the
original and the impaired retrospective maps supplemented with the distribution of
impossible changes for each period.

Table 1. Accuracy assesment of original and impaired (imp) retrospective maps of Nyires-to
mire

Observed | Chance | Kappa | Impossible Odds

agreement | agreement changes (%) pvalue | "o
o0 1067imp | 071 | 010 | 065 | 1825 | 99150005 | 347
071088y | 068 | 019 | 060 | 156 | 2075004 | 319
1822;25_51975“[3 821 832 821 156?273 9.9150e-05 | 4.07
1673mod 1066imp | 066 | 021 | 086 | 10%s | 22785006 | 520
togomad-tossimp | 075 | o021 | oes | 1eer | 0650008 | 458

The observed agreement for the successive pairs of vegetation maps ranged between
0.67 and 0.78, which means that approximately 70% of the vegetation has not changed
in each period. Kappa ranged between 0.57 and 0.68.

Considering succession patterns, the distribution of impossible changes ranged
between 5.37% and 9.04% of the total area. This means that more than 90% of the area
was correctly mapped. The rate of impossible changes decreased for the second (1997-
1988) period, but the analysis still did not explain if the error was based on the
incorrectly mapped patches of the ‘control” map or if it was independent from it.
However, it also did not reveal the spatial distribuiton of the incorrect patches.

Figure 1 shows the ‘impossible changes map’, which reveals the spatial distribution
of incorrectly mapped patches. With the help of the maps, cumulative error can be
calculated. Only 0.39% of the total area was mapped incorrectly for both the first and
the second period (cumulative error), which means that incorrections recorded on the
second retrospective map was independent from the errors of the control map, thus they
are based mainly on the interpreter. This type of error was below 1% for all periods.
Measuring the cumulative error for the whole study period, the total distribution where
the same error was repeated once was 24.61%, where it was repeated twice was 4.52%,
and the patches where the error was repeated three times covered only 0.07% of the
total area.

Table 1 also shows the accuracy assessment for the impaired maps where the land
cover categories were changed and successional patterns were not considered.

For the basic accuracy assessment methods, only the observed agreement was
statistically tested as the other parameters were derived from this one. Observed
agreement has not changed significantly during the whole study period. However, the
statistical analysis revealed that the increased distribution of impossible changes was
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significant for every period. The incorrectly mapped area was higher than 15%, and for
one period it almost reached 20%.

The cumulative error for the first two periods increased from 0.39% to 8.01%. This
suggests that the error of the reference map played a greater role in the total error of the
second retrospective map. The analysis for the entire study period also confirmed this
hypothesis as the total distribution where the same error was repeated once was 33.45%,
wher it was repeated twice was 18.10%, and the patches where the error was repeated
three times overed only 5.58% of the total area. However, there were some patches
where the error was repeated four or five times respectively.

[ No detected error
[_] Error in the first period
[ Error in the second period
Il Cumulative error

[ ] Correctly mapped area
I Incorrect mapping

0 50 100 150 200 Meters
]

Figure 1. ‘Impossible changes map’ (A) and cumulative error between 1997 and 2002 (B)

Discussion

The major accuracy assessment indicator (observed agreement) ranged between 0.6
and 0.78. However, higher agreement can only be reached with an accurate reference
map (Rogan et al. 2013), which was not available for our study. On the other hand, the
agreement is much lower for long-term change detection studies (Yuan et al. 2005),
and it may be as low as about 70% for old photos (Skirvin et al. 2004). Even with the
lack of accurate ground control data for retrospective maps the study resulted in a fair
observed agreement for the whole study period. The same can be noted for Kappa
statistics as well.

Our method that has been developed to reveal changes followed the idea of Biro et
al. (2013). The original aim of which was to determine all of the possible landcover
changes and from this database, users can separate impossible changes, which can be
used in the accurcy assessment. The statistical analysis revealed that even if the
distribution of impossible changes were higher, the basic metrics of accuracy
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assessment were not changed significantly, and this can lead to a false botanical result.
This also confirms the idea of Powell et al. (2004), who suggested that using a simple
error matrix is not sufficient for accuracy assessment. Viera & Garret (2005) also state
that low Kappa does not always mean low accuracy, which suggests that common
methods have more limitations for retrospective analysis.

For the impaired vegetation maps, the increased rate of cumulative error showed that
the incorrections of the ‘control map’ play greater role in accuracy assessment. Odds
ratio showed that the chance to have patches that are incorrect from a botanical
perspective was at least triple higher than for the original maps. This suggests that other
factors should be considered besides of the classic method of accuracy assessment,
particularly in retrospective studies, as error matrix and Kappa cannot bring sufficient
results (Pontius and Millones, 2011). However, it seems that for long term vegetation
analysis not the observed agreement plays a greater role, but the distribution and
background of the changes.

Users also have a motivation not just to detect the error, but to understand its source
(Bach et al. 2006). For change detection studies one can measure the difference with the
error matrix but as succession can change land cover naturally, not every changed pixel
can be considered an error, only those which transitions do not take place in nature, but
the error matrix cannot separate them (Congalton and Green 1999). These errors can
lead to misinterpretations in studies of land cover change (Foody 2011). The use of
botanical and succesional data may offer a possible solution for the problem. This
approach was suggested by Bir6 (2006) and Bergen & Dronova (2007) as a potential
step towards increasing the accuracy of the maps.

One of the main limitations of the error matrix is that it cannot provide spatial
distribution of the error (McGwire and Fisher 2001, Foody 2002), and there are only a
few examples where spatial analysis of the measured error matrix accuracy was shown
(Comber et al. 2012). Figure 1 showed a possible way how the error can be revealed on
a map. The method can help to find the ‘hot spots’ of incorrect mapping, thus it helps
the producer to improve vegetation maps. This means that patches where cumulative
(repeated) error was detected can be remapped, resulting in a more accurate
retrospective map. The main principle of the ‘impossible changes map’ was similar to
the difference image analysis introduced by Gupta el al. (2008), but our method is based
more on the successional data.

Even though single-date accuracy assessment is typical, the multitemporal
assessment is still not frequent in change detection studies (Olofsson et al. 2013). Just as
the difference image analysis, the presented method shows a way to measure cumulative
error thus this can give a chance to multi-date analysis as well. However, both methods
suggest that interpretation of cumulative error can be difficult if too many acquisition
dates were used.

As Shuman and Ambrose (2003) suggested, the combination of ground based
techniques (biological knowledge) and digital techniques (GIS knowledge) can
produce better results. The method presented here gives simple steps to separate
thematical incorrections and impossible changes on a time series as well, which can be
performed with ArcView, ArcGIS or QGIS. The methodology can be adapted to other
sites, where the texture of the vegetation is different and the number of caterories
does not exceed 10. The only essential step is the knowledge of the local land cover
transitions. This method may support retrospective studies where accurate historical
data are not available.
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