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The remote sensing science and application communities have developed increasingly reliable, consistent, and
robust approaches for capturing land dynamics to meet a range of information needs. Statistically robust and
transparent approaches for assessing accuracy and estimating area of change are critical to ensure the integrity
of land change information.We provide practitioners with a set of “good practice” recommendations for design-
ing and implementing an accuracy assessment of a change map and estimating area based on the reference
sample data. The good practice recommendations address the three major components: sampling design,
response design and analysis. The primary goodpractice recommendations for assessing accuracy and estimating
area are: (i) implement a probability sampling design that is chosen to achieve the priority objectives of accuracy
and area estimationwhile also satisfying practical constraints such as cost and available sources of reference data;
(ii) implement a response design protocol that is based on reference data sources that provide sufficient spatial
and temporal representation to accurately label each unit in the sample (i.e., the “reference classification”will be
considerably more accurate than the map classification being evaluated); (iii) implement an analysis that is
consistent with the sampling design and response design protocols; (iv) summarize the accuracy assessment
by reporting the estimated error matrix in terms of proportion of area and estimates of overall accuracy,
user's accuracy (or commission error), and producer's accuracy (or omission error); (v) estimate area of classes
(e.g., types of change such as wetland loss or types of persistence such as stable forest) based on the reference
classification of the sample units; (vi) quantify uncertainty by reporting confidence intervals for accuracy and
area parameters; (vii) evaluate variability and potential error in the reference classification; and (viii) document
deviations from good practice that may substantially affect the results. An example application is provided to
illustrate the recommended process.
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1. Introduction

Land change maps quantify a wide range of processes including
wildfire (Schroeder, Wulder, Healey, & Moisen, 2011), forest harvest
(Olofsson et al., 2011), forest disturbance (Huang et al., 2010), land use
pressure (Drummond & Loveland, 2010) and urban expansion (Jeon,
Olofsson, & Woodcock, 2013). Map users and producers are acutely
interested in communicating and understanding the quality of these
maps. Accordingly, guidance on how to assess accuracy of these maps
in a consistent and transparent manner is a necessity. The use of remote
sensing products depicting change for scientific, management, or policy
support activities all require quantitative accuracy statements to buttress
the confidence in the information generated and in any subsequent
reporting or inferences made. Area estimation, whether of change in
land cover/use or of status of land cover/use at a single date, is a natural
value-added use of land change maps in many local, national and global
land accounting applications. For example, the amount of land area
allocated for a specific use is a key country reporting requirement to
theUnitedNations (UN) Food andAgricultureOrganization (FAO) statis-
tics and the global forest resources' assessment (FAO, 2010) aswell as for
countries reporting under the Kyoto protocol and the evolving activities
for the UN Collaborative Programme on Reducing Emissions fromDefor-
estation and Forest Degradation — UN-REDD (Grassi, Monni, Federici,
Achard, & Mollicone, 2008; UN-REDD, 2008). Estimates of forest extent
or deforestation are often derived via remote sensing (cf. Achard et al.,
2002; DeFries et al., 2002; Hansen, Stehman, & Potapov, 2010), and area
estimation also plays a prominent role in ongoing efforts to establish sci-
entifically valid protocols for forest change monitoring in the context of
specific accounting applications to policy approaches for reducing green-
house gas emissions from forests (DeFries et al., 2007; GOFC-GOLD,
2011).

A key strength of remote sensing is that it enables spatially exhaus-
tive, wall-to-wall coverage of the area of interest. However, as might be
expected with any mapping process, the results are rarely perfect. Plac-
ing spatially and categorically continuous conditions into discrete
classes may result in confusion at the categorical transitions. Error can
also result from the changemapping process, the data used, and analyst
biases (Foody, 2010). Change detection and mapping approaches using
remotely sensed data are increasingly robust, with improvements
aimed at the mitigation of these sources of error. However, any map
made from remotely sensed data can be assumed to contain some
error, with the areas calculated from the map (e.g., pixel counting)

also potentially subject to bias. An accuracy assessment identifies the
errors of the classification, and the sample data can be used for estimat-
ing both accuracy and area along with the uncertainty of these esti-
mates. While the notion of accuracy assessment is well-established
within the remote sensing community (Foody, 2002; Strahler et al.,
2006), studies of land change routinely fail to assess the accuracy of the
final change maps and few published studies of land change make full
use of the information obtained from accuracy assessments (Olofsson,
Foody, Stehman, & Woodcock, 2013).

1.1. Good practice recommendations

In this article, we synthesize the current status of key steps and
methods that are needed to complete an accuracy assessment of a land
change map and to estimate area of land change. This article addresses
the fundamental protocols required to produce scientifically rigorous
and transparent estimates of accuracy and area. The set of good practice
recommendations provides guidelines to assist both scientists and prac-
titioners in the design and implementation of accuracy assessment and
area estimation methods applied to land change assessments using
remote sensing. The accuracy and area estimation objectives are linked
via amap of change. A changemap provides a spatially explicit depiction
of change and this spatial information can be readily aggregated to calcu-
late the total mapped area or the proportion of mapped area of change
for the region of interest (ROI). Accuracy assessment addresses questions
related to how well locations of mapped change correspond to actual
areas of change. A fundamental premise of the recommended good
practicesmethodology is that the changemapwill be subject to an accu-
racy assessment based on a sample of higher quality change information
(i.e., the reference classification). The higher quality reference classifica-
tion is compared to the map classification on a location-specific basis to
quantify accuracy of the change map and to estimate area. Although it
is possible to estimate area of change without producing a change map
(Achard et al., 2002; FAO, 2010; Hansen et al., 2010), we will assume
that a map of change exists (although there will not necessarily be a
map for each date). The focus for this document is change between
two dates.

Before any detailed planning of the response and sampling designs is
undertaken, a basic visual assessment should be conducted to identify
obvious errors and concerns in the remotely sensed product. This
assessment provides an evaluation of the map's suitability for the
intended application and should detect if a map is so unsuitable for
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