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Monitoring & Change detection

https://earthengine.google.com/timelapse/

http://www.businessinsider.com/satellite-pictures-cities-growing-over-time-2011-3
http://www.businessinsider.com/satellite-photos-destroying-the-world-2011-3
https://earthengine.google.com/timelapse/


Monitoring & Change Detection

Overview
 Monitoring: Remotely Sensed Data

 What is “Change detection”?

 Importance of measuring change

 How is change measured?
 Data required…

 Techniques used…



I. Monitoring with Remotely Sensed Data

 Generalities of Remote Sensing

 Remote sensing for environmental management



What is remote sensing?

“Obtaining information from an object without being in direct 

contact with it.”

More specifically, “obtaining information from the land surface 

through sensors mounted on aerial or satellite platforms.”



Describing remotely sensed products

Types of resolution:

 Spatial

 Spectral

 Radiometric

 Temporal



Spatial Resolution

MODIS (Moderate Resolution Imaging Spectroradiometer)

Landsat MSS (Multi Spectral Scanner)

Landsat TM (Thematic Mapper)

SPOT (French, multispectral 25m)

. IKONOS, GeoEye,  2 – 0.5 m
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Hyper-spatial imagery < 1m 

Center for Biodiversity & Conservation tool

http://biodiversityinformatics.amnh.org/tool.php?content_id=144
http://biodiversityinformatics.amnh.org/tool.php?content_id=144


Spectral Resolution

1 m = 1x106 μm

1μm = 1x10-6m

Landsat is 

“multi spectral”



Spectral Resolution: Hyperspectral

Chopping up the spectrum into 100+ narrow bands



Spectral Resolution: Hyperspectral



Radiometric Resolution

The number of digital levels used to express the data 
collected by the sensor (often expressed in bits)

21 = 2 22 = 4 23 = 8 24 = 16 25 = 32

e.g. Landsat  8 bit

28 = 256 possible values (for each band)



Temporal Resolution

Revisit frequency for a specific location

 “High”: < 24 hours - 3 days

 “Medium”: 4 – 16 days

 “Low”: > 16 days

http://dib.joanneum.ac.at/edtr/satsys.html



Remote Sensing & Environmental Mgmt.

 Monitoring long term events

20051979



Remote Sensing & Environmental Mgmt.

 Viewing threats and stresses

Las Vegas urban expansion

1972 1995



Remote Sensing & Environmental Mgmt.

 Monitoring short term events: Flooding

NC flooding 1999 RADARSAT-1 Imagery 



Remote Sensing & Environmental Mgmt.

 Monitoring short term events: Wildfires



Remote Sensing & Environmental Mgmt.

 Species distribution modeling

Specialist’s 
knowledge

Species-environment 
relationship

Analysis of species-environment 
relationship
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Inductive

Corsi et al., 2000 



Remote Sensing & Environmental Mgmt.

 Forestry

• Forest inventory

• Clear cut mapping

• Burn delineation 

• Biomass estimation

Landsat 5 NASA



Remote Sensing & Environmental Mgmt.

 Forest structure

Difficult to estimate from 
optical sensors…

http://terraweb.forestry.oregonstate.edu/amresults.htm

• Height

• Vertical distribution of canopy

• Wildlife use

• Good biomass estimates



Remote Sensing & Environmental Mgmt.

 Ecosystem modeling

 Land cover

 NDVI (Normalized Difference Vegetation Index)

• APAR (absorbed photosynthetically active radiation)

• LAI (regulates stomatal gas exchange)

• NPP (net primary production)

• Standing biomass (carbon storage)
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Remote Sensing & Environmental Mgmt.

 Ecosystem modeling

Global terrestrial net primary production (NPP) over 110 million square 

kilometers for 2002, computed from MODIS (Moderate Resolution Imaging 

Spectroradiometer) data.



https://cao.carnegiescience.edu/

https://cao.carnegiescience.edu/


II. Change Detection & GIS

 What is change detection

 Methods for detecting change

 Lab Exercise…



What is change detection? 

Identifying and quantifying changes in spatial features…



What is change detection?

Also, categorizing change (e.g., of land cover)



Change detection & environmental mgmt.

Human 
footprints  
Peruvian Amazon, Swenson et al. 2011

Riparian 
dynamics
Brazilian Amazon meandering river 
and oxbow lakes



Change detection & environmental mgmt.

 Are protected areas being protected? 



Change detection & environmental mgmt.

 CO2 offsets: Additionality calculations…



How to detect change?

 Data:

 Two or more snapshots in time…

 Techniques:

 Identify difference in these snapshots…

Simple, right?

Well, perhaps not…



Detecting change: Data

 Remotely sensed imagery:



Detecting change: Data

 Data should be acquired:

 On anniversary dates

 At the same time of day

 Same sensor

 Same bands  & resolution

 Images should be:

 Precisely registered 

 Correctly calibrated (radiometrically corrected)



Detecting change: Data



1992, 2001, 2006, 2011

Change detection with NLCD

1992, 2001, 2006, 2011



NLCD classifications



Change detection with NLCD

http://www.epa.gov/mrlc/change.html

1992 2001, 2006, 2011

Unsupervised Supervised

90 m DEMs 30 m DEMs

No atmospheric correction Atmospherically corrected

Fewer features identified More feature identified

http://www.epa.gov/mrlc/change.html


Change detection with NLCD

NLCD 1992/2001 Retrofit Land Cover Change Product
http://www.mrlc.gov/nlcdrlc.php

http://www.mrlc.gov/nlcdrlc.php


Change detection with NLCD

NLCD 1992/2001 Retrofit Land Cover Change Product
http://www.mrlc.gov/nlcdrlc.php

http://www.mrlc.gov/nlcdrlc.php


Change detection with NLCD

NLCD 1992/2001 Retrofit Land Cover Change Product
http://www.mrlc.gov/nlcdrlc.php

http://www.mrlc.gov/nlcdrlc.php


Change detection with NLCD - 2006
http://www.mrlc.gov/nlcd06_data.php

http://www.mrlc.gov/nlcd06_data.php


Beyond NLCD…



20052000

Land use change in the Triangle

19901985

Credit: Joe Sexton (PhD ‘09) and Mike Donohue (MEM ‘08)



This week’s lab exercise…

 Encroaching development 

1985 2005



Measuring change

Discrete change:  change in type

 land cover conversion (deforestation, development)

 detection depends on how the types are defined

Continuous change:  change in condition

 biomass accumulation

 changes in leaf area, canopy structure

 changes in fuel loads or understory density

 changes in species composition 



Discrete change

Detection:

 Create difference maps from two time periods

 Recode the changes to make visual sense
 forest  developed

 ag developed

 ag forest

 and so on …

 The pattern of change is 
interesting:
 where are the changes?

 patch sizes? 

http://ecotools.env.duke.edu/RAPCOE_V1/


Summary:

 Tally type per sample in each time period

 Construct  transition matrix (Markov model):

Discrete change

to: 1 2 3 4 5
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Change in the triangle  Development

1. Convert land cover maps into binary developed, not-
developed maps

2. Subtract early date (1985) from later date (2005)
2005

1985 Developed (1) Non-Developed (0)
Developed 

(1) 0 -1

Not-Developed 
(0) 1 0



Measuring Change

Red (1) – new developed land

Green (-1) – lost developed land

Mean difference: 
-0.009778

(slight improvement)

FALLS LAKE SHORELINE 
AND TRIBUTARIES 



Encroachment

Method 1: 
Extend the boundaries of the SNHA’s and tabulate the net 
gain/loss of developed area within a set proximity (e.g. 1km). 

Then measure the mean of 
the developed gain/loss 
values within the adjacent 
areas.



Encroachment

Method 2:
Use focal analysis to extend the influence of developed 
gain/loss into the SNHA…

Mean value = 0.000331



Assignment: Discrete change

 For each method, indicate (e.g. via a map legend) the SNHAs 
with top 20% most encroaching development over the period 
of 1985 to 2005? Which comprise the lowest 20%? 

 Do both approaches indicate the same SNHAs in the most 
encroached 20%?  

 What drawbacks, if any, are there in using the Euclidean 
allocation approach?

 What drawbacks, if any, are there in using the focal statistic 
approach?

 A third approach involves creating 1km vector buffers from 
each SNHA polygon. What would be the major challenge in 
using this approach? Can this challenge be overcome? If so 
how? If not, why not.



Discrete vs. Continuous Change

 Discrete change, while dramatic, can miss subtle 
(continuous) changes in ecological condition

 natural succession or disturbances

 effects of management or restoration efforts

 Conservationists are often more interested in 
condition than type

 measurement involves similar data collection methods

 the analytic framework is slightly different



Continuous change: Lab Exercise

 Evaluate forest quality (greenness) within SNHAs

 In which SNHAs are forests regenerating?

 Are there SNHAs where forests are declining?

 Are the new forests evergreen or deciduous?



Measuring Continuous Change

 NDVI  Greenness

 Evaluate the change in greenness over time
 Subtract 1985 NDVI from 2005

 Positive values  gain in greenness over time

 Examine only forest pixels; change in greenness in other 
types are not interesting ecologically

 Compare summer to summer, winter to winter
 Positive values in summer difference  increase in forest
 Positive values in winter  increase in evergreen only
 Δ Summer - Δ Winter  increase in deciduous only?



Change in NDVI

 Isolate pixels that were forest in either 1985 or 2005. 

 Other areas will change in greenness, but we’re not concerned

 Subtract 1985 NDVI from 2005 NDVI within those areas

 Difference in summer NDVI  All forest types

 Difference in winter NDVI  Evergreen only



Change in Summer NDVI



Change in Winter NDVI



Change vectors

Summer 1985 Summer 2005

Winter 1985 Winter 2005

NDVI

Static evergreen

Δ Summer - Δ Winter
1985

Δ Summer - Δ Winter
2005



Δ Summer NDVI - Δ Winter NDVI



Assignment: Continuous change

 Create maps showing changes in NDVI values for 
Umstead State Park and its surroundings

 Describe what the maps show…

 …in terms of forest gain/loss within the park boundaries 
vs. immediately surrounding it.

 …in terms of forest succession within the park 
boundaries vs. immediately surrounding it.



Assignment: Continuous change (cont’d)

 Create a map with two frames: 

1. Highlight two SNHA’s: one “healthy”, and another that 
has lost a lot of greenness from 1985-2005.

2. Highlight two SNHA’s: one that has undergone 
succession, and another where increased greenness 
appears to be mostly from evergreens. 



Predicting change…

 Agent based models (cellular automata)

 SLEUTH/FUTURES

 California Urban Futures model

 “Human” habitat models

 Deforestation models


