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Lecture outline 
Lecture website: https://yongzesong.com/lecture-20260104
Password: 20260104

Tips:
1. Working in a group of 3 or 4
2. Collecting feedback at each day
3. Individual assignments and working in a group
4. Complete assignments in the class
5. Assignment feedback sections after day 2
6. Install R and Rstudio
7. Sign Up for Google Earth Engine

Contents
Part 1. Lecture (1st class)
1. Concepts of heterogeneity
2. Review of OPGD model
3. A spatial learning model: GOZH
4. Local driver analysis: LISP 
Part 2. Practice (2nd to 4th classes)
1. Feedback session for Assignment 1 (20 min)
2. Practice on GOZH and LISP (40 min)
3. Assignment 2 (40 min)
4. Submit your assignment (10 min)

https://yongzesong.com/lecture-20260104
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Concepts of heterogeneity
Spatial heterogeneity is a property generally ascribed to a landscape 
or to a population. It refers to the uneven distribution of various 
concentrations of each species within an area. A landscape with 
spatial heterogeneity has a mix of concentrations of multiple species 
of plants or animals (biological), or of terrain formations (geological), 
or environmental characteristics (e.g. rainfall, temperature, wind) 
filling its area. A population showing spatial heterogeneity is one 
where various concentrations of individuals of this species are 
unevenly distributed across an area; nearly synonymous with 
"patchily distributed.”
Source: https://en.wikipedia.org/wiki/Spatial_heterogeneity 

https://en.wikipedia.org/wiki/Spatial_heterogeneity
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Stratified heterogeneity
There exist two main types of spatial heterogeneity. 
• The spatial local heterogeneity categorises the 

geographic phenomena whose attributes' values 
are significantly similar within a directly local 
neighbourhood, but which significantly differ in 
the nearby surrounding-areas beyond this 
directly local neighbourhood (e.g. hot spots, 
cold spots). 

• The spatial stratified heterogeneity categorises 
the geographic phenomena where the within-
strata variance of its attributes' values is 
significantly lower than its between-strata 
variance, such as collections of ecological zones 
or land-use classes within a given geographic 
area depict.

Source: 
https://en.wikipedia.org/wiki/Spatial_heterogeneit
y 

Spatial stratified heterogeneity 

https://en.wikipedia.org/wiki/Spatial_heterogeneity
https://en.wikipedia.org/wiki/Spatial_heterogeneity


Optimal parameters-based geographical detectors (OPGD) model 
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Song, Yongze, et al. An optimal parameters-based geographical detector model enhances geographic characteristics of explanatory variables for spatial 
heterogeneity analysis: cases with different types of spatial data. GIScience & Remote Sensing, 2020. 57(5): 593-610.

Song, Yongze, et al. Segment-Based Spatial Analysis for Assessing Road Infrastructure Performance Using Monitoring Observations and Remote Sensing Data. 
Remote Sensing, 2018. 10(11): 1696. 

A ”GD” R package is 
developed for the 
OPGD model. The 
latest version in 
CRAN is Version 10. 

Impacts of
individual 
variables

Impacts of
variable 

interactions

Impacts in different
data intervals of
variables

Identifying geographical, environmental, traffic, and pavement factors of road performance. 



”GD” R package (Version 10) 
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Song, Yongze, et al. An optimal parameters-based geographical detector model enhances geographic characteristics of explanatory variables for spatial 
heterogeneity analysis: cases with different types of spatial data. GIScience & Remote Sensing, 2020. 57(5): 593-610.

Song, Yongze, et al. Segment-Based Spatial Analysis for Assessing Road Infrastructure Performance Using Monitoring Observations and Remote Sensing Data. 
Remote Sensing, 2018. 10(11): 1696. 

https://cran.r-
project.org/web/packages/GD
/vignettes/GD.html

https://cran.r-project.org/web/packages/GD/vignettes/GD.html
https://cran.r-project.org/web/packages/GD/vignettes/GD.html
https://cran.r-project.org/web/packages/GD/vignettes/GD.html


Geographical Optimal Zones-based Heterogeneity (GOZH) model

7Luo, P., Song, Y.*, Huang, X., Ma, H., et al., 2022. Identifying determinants of spatio-temporal disparities in soil moisture of the Northern Hemisphere using a 
geographically optimal zones-based heterogeneity model. ISPRS Journal of Photogrammetry and Remote Sensing. 185, 111-128.
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8Luo, P., Song, Y.*, Huang, X., Ma, H., et al., 2022. Identifying determinants of spatio-temporal disparities in soil moisture of the Northern Hemisphere using a 
geographically optimal zones-based heterogeneity model. ISPRS Journal of Photogrammetry and Remote Sensing. 185, 111-128.
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9Luo, P., Song, Y.*, Huang, X., Ma, H., et al., 2022. Identifying determinants of spatio-temporal disparities in soil moisture of the Northern Hemisphere using a 
geographically optimal zones-based heterogeneity model. ISPRS Journal of Photogrammetry and Remote Sensing. 185, 111-128.
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Local indicator of stratified power (LISP)

Hu, J., Song, Y.* and Zhang, T., 2025. A local indicator of stratified power. International Journal of Geographical Information Science.

Spatial distribution of the thickness variations of lake-
terminating glaciers in the Greater Himalayas.
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Local indicator of stratified power (LISP)

Hu, J., Song, Y.* and Zhang, T., 2025. A local indicator of stratified power. International Journal of Geographical Information Science.

The local power of determinants of individual 
variables and their significance tests.

The local power of interaction determinants. (a) The 
interaction effects with two and all factors and their 
significance tests.
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Local indicator of stratified power (LISP)

Hu, J., Song, Y.* and Zhang, T., 2025. A local indicator of stratified power. International Journal of Geographical Information Science.

Local impacts of factors Global impacts of factors
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Feedback session for Assignment 1
Write a 200 word essay on using Optimal Parameters-based Geographical Detectors 
(OPGD) model and “GD” R package to analyze the power of determinant of climatic 
drivers on bushfire or your own data. Please try to use figures and maps to explain 
your analysis. (refer IGARSS 2025 part 3.2)

Send to Email before 10 am next day:
Yongze.song@outlook.com 

Document name: A1_YourName.docx

mailto:Yongze.song@outlook.com


Geographical Optimal Zones-based Heterogeneity (GOZH) model
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Practice

R Code:
https://github.com/yongzesong/gozh/#r-codes-for-the-geographical-
optimal-zones-based-heterogeneity-gozh-model 

https://github.com/yongzesong/gozh/
https://github.com/yongzesong/gozh/
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Assignment 2
You will have 40 min for working on Assignment 2

Write a 200 word essay on the analysis of potential spatial factors of vegetation 
using GOZH model with the data ndvi_30 in GD package. 

Send to Email before 10 am next day:
Yongze.song@outlook.com 

Document name: A2_YourName.docx

mailto:Yongze.song@outlook.com
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Any questions?


