Welcome to Assessing the Accuracy of Land Cover Classifications

Course Format:
* Two, two hour sessions
« Sessions will be held Tuesdays, February 13 and February 20, 2018

* We will have two sessions to reach our international audience. Please only sign up
for and attend one session each week.

— Session times: 11:00 - 13:00 EST and 23:00 - 01:00 EST (UTC-5)
« All attendees will be muted automatically upon enftry
* This session will be recorded and made available to you within two days

Please be sure you have reviewed the content within Session 1 of Fundamentals of
Remote Sensing: http://arset.gstc.nasa.gov/webinars/fundamentals-remote-sensing
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Homework and Certificates

« Homework
— One homework assignment

— Answers must be submitted via Carbon Monltoring Homework 1

Google Forms e et e
« Certificate of Completion:

— Attend both live webinars

— Complete the homework assignment o
by the deadline (access from ARSET
website) - et

- HW Deadline: March &' o

— You will receive certificates approx. b e o o 0U7:
two months after the completion of Ty —
the course from: o o et
marines.martins@ssaihg.com 3. Chorophylnplants shcebsgreen vl
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Prerequisites

Complete Sessions 1 & 2A of
Fundamentals of Remote Sensing, or
equivalent experience

— hittps://arset.gsfc.nasa.gov/webinars/

fundamentals-remote-sensing

— https://arset.gsfc.nasa.gov/land/

webinars/advanced-land-classification

Complete the Advanced Webinar: Land
Cover Classification with Satellite Imagery

and all accompanying software
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Download and install ArcGIS 10.4 or higher

Download and install Excel 2011 or higher

Interaction with Earth Surface: @
Vegetation

Example: Healthy, green
vegetation absorbs Blue
and Red wavelengths and
reflects Green and
Infrared

Since we cannot see infrared
radiation, we see healthy
vegetation as green

Q Search 2 Signin @esri'

ArcGIS




Accessing Course Materials

hitps://arset.gsfc.nasa.gov/land/webinars/18adv-land-classification

Earth Sciences Division Applied Sciences ASP Water Resources

NS« ARSET

Applied Remote Sensing Training

Trainings ~ _

Advanced Webinar: Accuracy Assessment of a Land Cover
Classification

Land Management

Online Trainings ~

In-Person Trainings ~

Upcoming Training
Airquality
Advanced Webinar: Data
Analysis Tools for High
Resolution Air Quality

Satellite Datasets
01/17/2018 to 01/22/2018

Land

Dates: Tuesday, February 13, 2018 to Tuesday, February 20, 2018

Times: 11:00-13:00 and 23:00-01:00 EST (UTC-5) Advanced Webinar:
Accuracy Assessment of a
Land Cover Classification
02/13/2018 to 02/20/2018

In last year’s ARSET Advanced Webinar: Land Cover Classification with Satellite Imagery, attendees
learned the basic steps to create a supervised land cover classification. The next step to using land
cover classifications is being able to evaluate the performance of a land cover map using accuracy
assessments. This training will equip attendees to conduct an accuracy assessment on a land cover map Water

and identify which classes might be misrepresented.

Introduction to Using the
VIC Hydrologic Model with
NASA Earth Observations
02/15/2018 to 03/01/2018

Learning Objectives:
By the end of the training, attendees will be able to:

e Conduct an accuracy assessment on a land cover map

Audience:

This training is primarily intended for local, regional, state, federal, and international organizations
interested in assessing vegetation condition using satellite imagery. Professional organizations in the
public and private sectors engaged in environmental management and monitoring will be given
preference over organizations focused primarily on research.

Registration Information:

There is no cost for the webinar, but you must register. Space is limited, and preference will be given to
organizations listed above over organizations focused primarily on research. You will be notified by email
if your registration has been approved on or before February 12.

Course Agenda:

Agenda.pdf

Session 1: Introduction to Accuracy Assessments \ C O U rS e
mafterials are
[~ provided here

e Overview of Accuracy Assessment (Lecture)
 |dentifying Reference Data (Lecture)
e Sample Design and Methods (Lecture)

e Understand how to create and use reference data
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and will be
Session 2: Conducting Unsupervised and Supervised Land Cover Classifications G C Tiv e G fTer
February 20, 2018 e G C h We e k

\ e Comparing Reference Data to Classified Image (Exercise) )

e Description Overview of the Error Matrix (Lecture)
e Overview of the Kappa Statistic (Lecture)
e Creating the Error Matrix and Calculating the Kappa Statistic (Exercise)

Application Area: Land

Available Languages: English, Spanish

Instruments/Missions: Landsat

Keywords:

Conservation, Ecosystems, Land-Cover and Land-Use Change (LCLUC), Satellite Imagery, Tools




Course Outline

Session 1: Accuracy
Assessment Basics

Session 2: Area Estimation
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Session 2 Agenda

L] L] %
« Overview of Unbiased Area
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help
M M L @ e 1142, < </B0N CEREEEEGE) IEY
Estimation B i e e—— S—
ontents i .
. . Bl 8
E5 L
i Error MOT”X ReVIGW EEaif):’\j:curacyAssessment\Eﬂ
BiRererence points|
. . ® <all other values>
« Estimated Area Calculations b

© Bare ground

— Specific to class designations oo

 Standard Error Calculations e
- Unbiased User and Producer e

@ Grass/shrub

AcCcuracy

Error Matrix Calculations

Exercise 2
Q&A Session :

399412.422 4646639.615 Meters

Classified image and reference points in ArcMap
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Unbiased Area Estimation

« Error matrices provide information about the accuracy of a classified map based
on reference data

» Error matrices can also provide information about area estimates of each class
(strata) adjusted for the map bias and characterize uncertainty
— If the reference data were collected using a staftistical approach (i.e. stratified
random sample), then those data are considered unbiased

— The classified map is considered biased
— The adjusted area estimates require both map data and reference data

Land cover map:

Hardwood 45,000 ha
Conifer 36,000 ha
Other 18,000 ha

These estimates are biased
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Review: Creating an Error Matrix

Landsat Land | Reference Frequency
Landcover Classes Cover Point

1 — Hardwood 1 1 24
2 — Conifer : 5 3
3 - Other
2 2 30
2 3 ]
3 3 23
3 4 5
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Review: Creating an Error Matrix

Landsat Land | Reference Frequency
Landcover Classes Cover Point

1 — Hardwood
2 — Conifer !
3 - Other

10

Correctly
classified

2

w W NN
N WO W N DN
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Review: Error Matrix

« Compares the reference data to the classified map in terms of pixel counts

* Here is an example of an Error Matrix using three classes:
— hardwoods, conifers, and other

Reference Data

Hardwood Conifer Other Total
Hardwood 24 10 4 38
Classification Conifer 5 30 2 37
Data Other 1 1 23 25
Total 30 4] 29 100
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New Error Matrix

Additions to the error matrix;:

Hardwood Conifer Other Total Total Pixels To’rgi:)rea
Hardwood 24 10 4 38 500,000 45,000
Conifer 5 30 2 37 400,000 36,000
Other ] ] 23 25 200,000 18,000
Total 30 41 29 100 1,100,000 99,000

Total Pixels: total number of pixels in each land cover class
Total Area (ha): (total pixels x (30 x 30))

(100 x 100)
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Step 1: Calculate Area Proportion (W;)

Hardwood  Conifer Other Total ;& t:IIs Tok(:l:é)rea W;
Hardwood | 24 10 4 38 500,000
Conifer 5 30 2 37 400,000 = 36000 = 0.364
Other ] ] 23 25 200000 18000  0.182
Total 30 41 29 100 | 1,100,000 1.000

W. = Total Area (ha) for each class
Total Area (hQ)

45,000

99.000 0.455
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Step 2: Calculate Estimated Area Proportions

Hardwood  Conifer Other Total ;& t:IIs Tok(:l:é)rea W;
Hardwood 10 4 500,000 45,000
Conifer 5 30 2 37 400,000 = 36000 = 0.364
Other ] ] 23 25 200000 18000 = 0.182
Total 30 41 29 100 1,700,000 99,000  1.000

pixels in each class
total pixels for each class

Area proportion estimates for each class = W,

24
= 0.455 *——=0.2871
38
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Step 2: Calculate Estimated Area Proportions

Old Error Matrix

Hardwood Conifer Other Total Total pixels Toi?llmA)rea W,
Hardwood 10 4 500,000 45,000 0.455
Conifer 5 30 2 37 400,000 36,000 0.364
Other ] ] 23 25 200,000 18,000 0.182
Total 30 41 29 100 1,100,000 99,000 1.000

New Error Matrix
. . Total Area

Hardwood Conifer Other Total Total pixels (ha) W,
Hardwood 500,000 45,000 0.455
Conifer 400,000 36,000 0.364
Other 200,000 18,000 0.182
Total 1,100,000 99,000 1.000
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New Error Matrix

We get a new error matrix with estimated area proportions for each class

Hardwood Conifer Other Total Total pixels Tot?;:)rea W;
Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000 1.000
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Step 3: Calculate Class Area Estimates (AA)

Hardwood Conifer Other Total Total pixels Tok(:;:)req W;
Hardwood | 0.2871 0.1196 00478 0455 500,000 45000 0.455
Conifer 0.0491 02948 00197 0.364 | 400,000 | 36,000 0.364
Other 00073 00073  0.1673 0.182 200000 18,000 0.182
Total VO 04217 0.2348 1000 | 1,100,000 1.000
AA (ha) 34,007

Area estimate (AA) =0.3435 * 99,000 = 34,007
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Step 3: Calculate Class Area Estimates (AA)

Hardwood Conifer Other Total Total pixels Tok(:;:)rea W;
Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000 1.000
AA (ha) 34,007 41,751 23,243
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Step 4: Calculate Standard Error (S(AA))

Total Area

Hardwood Conifer Other Total Total pixels (ha) W,
Hardwood 0.1196 0.0478 0.455 500,000 45,000
Conifer 0.2948 0.0197 0.364 400,000 36,000
Other 0.0073 0.1673 0.182 200,000 18,000
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000
AA (ha) 34,007 41,751 23,243
S (AA)
[ 3 N A2 For Hardwood:
Wi X pij- Dy W, =0.455 P, = 0.2871
E 0.364 0.0491
\ o il 0.182 0.0073
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Step 4: Calculate Standard Error (S(AA))

For n, we need to go back to our first error matrix

Hardwood Conifer Other Total Total Pixels Totc(:lrImA)req
Hardwood 24 10 4 38 500,000 45,000
Conifer 5 30 2 37 400,000 36,000
Other ] ] 23 25 200,000 18,000
Total 30 41 29 100 1,100,000 99,000

3

. A.. A..2
S(AN) = EW’XPU_p”

i1 I’Zi+—1
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n; = the total number of classified pixels
INn each class

n; = 38 pixels
37 pixels
25 pixels



Step 4: Calculate Standard Error (S(AA))

Hardwood Conifer Other Total Total pixels Tok(:;:)rea W;
Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000 1.000
AA (ha) 34,007 41,751 23,243
S (AA) 0.0422 0.0412 0.0286
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Step 5: Convert Standard Error to Hectares (S(AA)(ha))

Total Area

Hardwood Conifer Other Total Total pixels (ha) W,
Hardwood | 0.2871 0.1196 00478 0455 500,000 45000 0.455
Conifer 0.0491 02948 00197 0.364 | 400,000 | 36,000 0.364
Other 00073 00073  0.1673 0.182 200000 18,000 0.182
Total 03435 | 04217 02348 1.000 99,000 1.000
AA (ha) 34007 | 41,751 23,243
S (AA) 00412 | 0.0286

0.0422
4,179

S (A7) (ha)
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(0.0422 * 1,100,000) * 302

1002

= 4,179




Step 5: Convert Standard Error to Hectares (S(AA)(ha))

Hardwood Conifer Other Total Total pixels Tok(:;:)rea W;
Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000 1.000
AA (ha) 34,007 41,751 23,243
S (AA) 0.0422 0.0412 0.0286
S (AA) (ha) 4,179 4,081 2,326
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Step 6: Calculate Confidence Intervals

A 95% Clis 1.96 * S(AA)(ha)

Hardwood Conifer Other Total Total pixels Totc(:rligrea W,
Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000 1.000
AA (ha) 34,007 41,751 23,243
S (AA) 0.0422 0.0412 0.0286
S (AA) (ha) 4,179 4,081 2,326
95% CI (ha) 8,190 7,998 5,540
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Step 7: Calculate User’s, Producer’s, and Overall Accuracy

User's Accuracy

Hardwood Conifer Other Total Total pixels Totc(:*é)rea W,
Hardwood 0.1196 0.0478 500,000 45000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 | 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 @ 99,000 1.000
UA
PA
Overall

0.2871
0.455

= 0.632
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Step 7: Calculate User’s, Producer’s, and Overall Accuracy

Producer’s Accuracy

Hardwood Conifer Other Total Total pixels Totc(:*é)rea W,
Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99,000 1.000

UA 0.632
PA 0.836

Overall

0.2871
0.3435

= 0.836
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Step 7: Calculate User’s, Producer’s, and Overall Accuracy

User's and Producer’s Accuracy

Hardwood Conifer Other Total Total pixels Tok(:rl‘:)rea W,

Hardwood 0.2871 0.1196 0.0478 0.455 500,000 45,000 0.455
Conifer 0.0491 0.2948 0.0197 0.364 400,000 36,000 0.364
Other 0.0073 0.0073 0.1673 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99.000 1.000
UA 0.632 0.811 0.920

PA 0.836 0.699 0.712

Overall
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Step 7: Calculate User’s, Producer’s, and Overall Accuracy

Overall Accuracy

Hardwood Conifer Other Total Total pixels Totc(:*é)rea W,

Hardwood 0.1196 0.0478 0.455 500,000 45000 0.455
Conifer 0.0491 0.0197 0.364 400,000 | 36,000 0.364
Other 0.0073 0.0073 0.182 200,000 18,000 0.182
Total 0.3435 0.4217 0.2348 1.000 1,100,000 99,000 1.000
UA 0.632 0.811 0.920

PA 0.836 0.699 0.712

Overall

0.2871 +0.2948 + 0.1673 = 0.749
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Results

These are the unbiased area estimates for each class, including a 95% confidence
interval based on both the reference data and the land cover classification

Class Area (ha) +/- 95% CI User’s Producers Overall
Hardwood 34,007 8,190 0.63 0.84
Conifer 41,751 7,998 0.81 0.70 0.75
Other 23,243 5,540 0.92 0.71
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Error Matrix Comparisons

Unbiased Area Estimators

Class Area (ha) +/- 95% ClI User’s Producers Overall
Hardwood 34,007 8,190 0.63 0.84
Conifer 41,751 7,998 0.81 0.70 0.75
Other 23,243 5,540 0.92 0.71
Error Matrix Using Sample Counts
Class Area (ha) User’s Producers Overall

Hardwood 45,000 0.63 0.80

Conifer 36,000 0.81 0.73 0.77

Other 18,000 0.92 0.79
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Error Matrix Comparisons

Unbiased Area Estimators

Class Area (ha) +/- 95% ClI User’s Producers Overall

Hardwood

The land cover map overes’rimo’red‘ hardwood

Conifer 41,751 /5
Other 23,243 5,540 0.92 0.71
Error Matrix Using Sample Counts
Class Area (ha) User’s Producers Overall
Hardwood 45,000 0.63 0.80

Conifer 36,000 0.81 0.73 0.77
Other 18,000 0.92 0.79

NASA's Applied Remote Sensing Training Program



Error Matrix Comparisons

Unbiased Area Estimators

Class +/- 95% CI User’s Producers Overall
Hardwood
Conifer /770 1O /5
Other and underestimated conifer KA
Error Matrix Using Sample Counts
Class Area (ha) User’s Producers Overall

Hardwood 0.63 0.80

Conifer 0.81 0.73 0.77

Other 18,000 0.92 0.79
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Summary

« Reference points must be derived using an unbiased method: stratified random
sampling is preferred for categorical maps

 Error maifrix is important for understanding land cover map error
» Using only sample counts (week 1) gives some indication of map error, but...
* Incorporating area proportions results in more informative error matrix

— Results in an unbiased area estimator
— Also includes measures of uncertainty (confidence intervals)

NASA's Applied Remote Sensing Training Program



