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1 Comments by anonymous Referee #1

The manuscript by Seo et al. describes the creation of a vector based land
use and land cover (LULC) map for an agricultural landscape with diverse
management activities. Based on repeated annual census dates, 2009-2011,
the authors create several LULC maps with varying degrees of thematic res-
olution, and compare these with a global land cover dataset from MODIS,
using the IGBP classification. Because the vector land cover map is based on
ground-based observations, it far exceeds the thematic accuracy of other avail-
able products, and provides an important perspective for mosaic agriculture at
high spatial resolution. However, the authors argue in their Introduction that
they aim to overcome limitations posed by global land cover datasets, but the
proposed solution presented for the Haean catchment is obviously not practi-
cal at larger scales. What is a very interesting outcome of their study is the
comparison between the survey approach and the MODIS IGBP data. This
comparison provides an opportunity to evaluate bias in the MODIS product
for land cover and land cover change.

1.1 Please define the meaning of ‘Per field’ - this term occurs
only in the title and needs to be defined for readers

We will add a new paragraph in the introduction. We censused the complete
area and recorded field-by-field land use/land cover type. Hence the unit entity of our
dataset is a single land parcel and we call it ‘per-field’. We borrowed the term from
Conrad et al. (2010) in which they defined ‘per-field’ data as a dataset on the basis of
actual agricultural fields.

1.2 Section 2.4.1 - please define what types of ‘quality issues’
you encountered.

Section 2.4.1 (current) We digitised the field records and converted patches and
linear elements into polygons and polylines, respectively. The base map served as a
background and complemented the field records. Additionally, we stored LULC type and
other descriptive information in an attribute table. Any quality issue, if occurred, was
marked in the Quality Assurance (QA) column of the corresponding year. The digitised
data was cross-checked with GCPs recorded later during the census period and corrected
when needed.

Section 2.4.1 (revised) We digitised the field records into polygons and polylines with
LULC type labels. The base map served as a background information to complement the
field records. In addition to LULC classes, we stored other descriptive information in an
attribute table. In the corresponding columns, Quality Assurance (QA) was recorded as:
‘?’ (Questionable), ‘*’ (Unknown) and ‘/’ (Not valid). For instance, a question mark was
assigned if we could not identify the crop reliably. Gap-filled data was also marked by
a question mark. A forward slash represents invalid data. For further information, the
reader is referred to the legend of the dataset at Pangaea repository.
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1.3 P 284, Line 11

Here you make the suggestion that MODIS may be more accurate than your
surveyed land cover dataset. I find this very unlikely given the census inten-
sity and ground-based approach used to develop your land cover map. In the
context of uncertainty and accuracy, please can you add a section on how you
can quantify the land cover land use survey map and provide something like
a kappa statistic.

Comparison to MODIS MCD12Q1 product

It is crucial to quantitatively evaluate land use/land cover products. Therefore, we com-
pared our data with the MODIS Land Cover Type product as an attempt to investigate
the accuracy of the satellite-borne land cover dataset.

Since the MODIS product includes primary and secondary land cover types in raster
form, we also developed primary and secondary cover type raster layers out of the vector
data. At each pixel, we assigned the land cover class labels based on the exact area
fractions of the classes. Primary and secondary cover types were determined by the
highest and the second highest fractions. However we did not assign a label if second
highest fraction was less than 10%. The rasterisation was done in R (R Core Team, 2013)
using the geometry engine GEOS (GEOS Development Team, 2014) and the package rgeos
(Bivand and Rundel, 2014). Note that the secondary land cover of the MODIS product
is not based on estimated fractions but on measures of classification confidence (Friedl
et al., 2002). Note that MCD12Q1 is based on a decision tree algorithm (C4.5) with
boosting (friedl˙modis˙2010; Quinlan, 1992).

Eventually we had two comparable land cover type layers; primary types shown in the
first rows and secondary types in the second rows of Fig. 1 and Figure 2 for HaeanCover
and MCD12Q1, respectively.

First we measured correspondence of the two primary land cover types. We derived a
confusion matrix and similarity metrics for year 2009 (Table 1) and year 2010 (Table 2).
Note that we skipped year 2011 due to the incomplete ground observation.

We followed Cohen (1960) for calculating Cohen’s non-weighted κ as defined in Eq. 1.
Therein po connotes the proportion of pixels in which the two products agreed and pc is
the proportion of pixels for which agreement is expected by random chance.

κ =
po − pc
1 − pc

(1)

The mean κ for two years was 0.3, which indicates a fair but not substantial agreement.
Due to the unequal distributions over land cover types, however, the κ values may have
been biased towards the major classes. We did not explicitly discuss the imbalance in
this paper, however, we shall be aware of the issue since forest dominates the landscape.

Secondly we compared the relative frequency of the IGBP classes. We calculated
proportions of primary and secondary types omitting pixels with ‘NA’ values. The
two separately calculated proportions were averaged, thereby we obtained mean relative
prevalences.

In Figure 3, we have (a) and (b) from the original vector map and the rasterised
observation shown in (c) and (d). The MODIS data is visualised in (e) and (f) in the
same figure.
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The rasterised HaeanCover corresponds better to the vector map than the MODIS
product. Moreover, urban and other minor types are completely missing in (e) and (f)
even if we consider the secondary cover type layer.

Table 1: Confusion matrix between MODIS (columns) and HaeanCover (rows) (2009).
Cohen’s κ is 0.32

4 5 10 12 14

4 99 36 4 4 26
5 4 1 0 0 0
6 0 0 0 2 0

10 0 0 1 0 0
12 0 0 27 87 7
13 0 0 0 1 0

100 50 17 0 0 0

Table 2: Confusion matrix between MODIS (columns) and HaeanCover (rows) (2010).
Cohen’s κ is 0.28

4 5 10 12 14

4 79 72 6 4 10
5 2 3 0 0 0
6 0 0 0 2 0

10 0 0 9 3 0
12 0 0 32 70 6
13 0 0 0 1 0

100 39 28 0 0 0
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Figure 1: The raster images of primary and secondary land cover types are displayed.
Based on the vector map, (a), (b) and (c) represent primary types determined by the
‘most prevalent’ rule regarding fractions. (d), (e) and (f) represent secondary types by
the second dominant cover types.
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Figure 2: Primary and secondary land cover types of the MODIS Land Cover Type
product (MCD12Q1).
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(a) HaeanCover (2009) (b) HaeanCover (2010)

(c) Rasterised HaeanCover(2009) (d) Rasterised HaeanCover (2010)

(e) MCD12Q1 (2009) (f) MCD112Q1 (2010)

IGBP 17 classes
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Figure 3: Primary and secondary land cover types for the vector HaeanCover data in (a)
and (b), rasterised HaeanCover in (c) and (d), and MCD12Q1 in (e) and (f).

7



1.4 Section 4.0

Please provide more information on the data archived on Pangea – do you
provide separate files for each year, are the transition areas included? Provid-
ing the data as a raster would be useful for users to make their own transition
maps.

Section 4.0 (current) The data set and its description are available at the Pangaea
repository (Supplement) under the Creative Commons Attribution-NonCommercial 3.0
Unported license. The data contains LULC observations in ESRI shape file format and
ancillary information for the study area. The LULC type, Quality Assurance (QA),
Management, Double cropping and Mixed use information are provided on an annual
basis. The definition of classes and reclassification table are given separately in plain
text format. For each polygon, multiple entries in the LULC type column are available
in case the polygon exhibited mixed land uses spatially or temporally.

Section 2.4.1 (revised) The data set and its description are available at the Pan-
gaea repository (Supplement) under the Creative Commons Attribution-NonCommercial
3.0 Unported license. The data contains LULC observations and ancillary information
in a single ESRI polygon shape file. The LULC type, Quality Assurance (QA), Man-
agement, Double cropping and Mixed use information are provided on an annual basis.
The definition of classes and reclassification table are given separately in a legend table.
Each polygon attains three years information in separated columns (e.g., LULC2009,
LULC2010 and LULC2011). Note that multiple entries in a LULC type column occur in
case the polygon exhibited mixed land uses spatially or temporally.

1.5 Section 5.0

Please add a discussion on how your methodology can be used to advance
MODIS, GLOBCOVER, GLC2000, land cover type datasets, where you point
out in the Introduction their shortcomings.

First of all, we can use our observation to validate the existing global databases. It
can be applied for many different classification systems and can be transformed to any
raster grid. It could particularly useful to researchers investigating a remotely sensed
land cover in complex terrains and/or in agricultural mosaics.

Also we would hope that forth-coming updates of global land cover databases become
high-resolution. For natural vegetations, global high-resolution databases are becoming
available (e.g., Hansen et al. (2013)). Our vector form data can be useful in develop-
ing/validating a high-resolution dataset. Furthermore, we look forward to seeing new
global databases providing additional crop types such as paddy crops. There have been
ongoing efforts to extend MODIS land cover data bases (Biggs et al., 2006; Potgieter
et al., 2007; Wardlow, Egbert, and Kastens, 2007; Wardlow and Egbert, 2008; Pittman
et al., 2010; He and Bo, 2011; Gumma, Thenkabail, and Nelson, 2011). Our dataset can
be also useful to the development as it includes detailed crop type information.
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