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Presenter Notes
Presentation Notes
In the second chapter of my dissertation, I wanted to focus more on South America and investigate these potential transitions from pastureland to shrubland for example. The title of this chapter is “Widespread Changes in Vegetation Cover and Composition in the Southern Cone of South America. For this work we did field work in Argentina and Uruguay and I think this image summarizes the project well. On the road in Uruguay we saw the harvest of a pine plantation. In the back there you can see pine trees and in the foreground the harvested wood for pulp and paper. This is one example of how people are transforming the landscape of South America. 



People have modified the Earth
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Foley et al., 2005

Presenter Notes
Presentation Notes
As you may very well know, people are modifying the Earth’s surface and with it the ecosystem services that it provides. In this image, there is an example of a natural system. The black axis represent the different services that this ecosystem provides and the green ellipses show how much of that service it provides. So, as you can see, this ecosystem regulates water flow, sequesters carbon and even produces some crops. Now if we look at an ecosystem that’s managed by humans to produce soybeans for example, the ecosystem services provided change dramatically as shown by the ellipses. With one exception: provision of crop to the detriment of all others. 
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South America
• Epicenter of land use change during the 

21st century
• Large scale agricultural expansion and 

intensification (Graesser et al., 2015)

• High deforestation rates (Graesser et al., 
2015)

• Livestock overgrazing and droughts in arid 
ecoregions (Verón & Paruelo, 2010) 

Graesser et al., 2015

Presenter Notes
Presentation Notes
In order to study the impacts of human land use, we primarily focus on South America because it has been an epicenter of land-use change in the 21st century. That’s the result of large scale agricultural expansion and intensification that has led to high deforestation rates. The map on the left shows changes over the continent. In particular, places shown in orange are places of crop expansion. Moreover, there is evidence of livestock overgrazing and drought in the southern arid ecoregions of the continent. BUT there are gaps in our knowledge about South America: Deforestation is well studied in the Amazon but what about the rest of continent?Deforestation is well studied but what about forest degradation?What about non-forested ecoregions?For example, what role do pasturelands play in the changing face of the region?



South America
• Deforestation and degradation in the Amazon have been widely studied (Bullock 

et al., 2020) 
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• Southern Cone of South America is an emerging frontier:
• 171,000 km2 of the Chaco deforested since 1980s 
• Agricultural expansion in grasslands
• Desertification in arid regions

Presenter Notes
Presentation Notes
This kind of conversion and human use is typical of South America. You have probably already heard about deforestation in the Amazon in Brazil. That’s a very well studied phenomenon, most recently studied by a BU alum Eric Bullock. In fact, just yesterday deforestation in the Amazon made news across all major world news organizations: CNN, BBC, the Guardian. The attention the Amazon is getting is needed in order to stop and reverse the damage done there. However, I would like to argue that the rest of South America also deserves extensive research and media attention. In particular, the Southern Cone of South America (Argentina, Paraguay and Uruguay) are an emerging frontier. Since the 80s, the Chaco forest, a dry tropical forest, has lost 170,000 square kilometers, the area equivalent of the country of Uruguay. This is the case because the Southern Cone is connected to global commodity markets and experience agricultural expansion. Besides forests, the Southern Cone also has wide expanses of even less studied grasslands and arid arid regions that are changing as a result of both human land use and drought. So the goal of this study is to extend the study of the continent beyond just deforestation in the Amazon! 



Study Objective

• How much have humans altered southern South America?
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Presenter Notes
Presentation Notes
So we are using remote sensing observations to quantify how humans have how transformed the Southern Cone of South America in the 21st century. To do that we quantify changes in vegetation cover and brae ground on the subcontinent. 



6

Graesser, J., Stanimirova, R., Tarrio, K., Copati, E. J., Volante, J. N., Verón, S. R., Banchero, S., Elena, H., Abelleyra, D. de, & Friedl, M. A. (2022). Temporally-Consistent 
Annual Land Cover from Landsat Time Series in the Southern Cone of South America. Remote Sensing, 14(16), 4005. https://doi.org/10.3390/rs14164005

https://doi.org/10.3390/rs14164005


7

Deforestation in Paraguay

Crop expansion in Uruguay



Land cover land use change
• Time series of continuous estimates: 

• Capture gradual transitions in land cover
• Better suited for heterogeneous biomes (e.g., shrubland)
• Monitor subtle landscape changes that affect ecosystem services 
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Photo credit: Radost Stanimirova

Presenter Notes
Presentation Notes
If we generalize there are two processes that are changing the landscape of the Earth. In this graphic, we have time on the x axis going from 1999 to 2019. The top line represents an abrupt change such as for example deforestation. Say we have a healthy, growing forest that’s cut down and then slowly regains its cover via secondary succession. But there are also more gradual landscape changes, shown on the bottom, such as expansion of woody shrubs over the landscape. A discrete land cover categorization such as crop, forest etc might not capture the gradual woody encroachment so that’s why we use a continuous estimate of fractional cover. In addition to capturing gradual transitions, our approach is better suited for heterogeneous landscapes such as the one show in the image. Here we have a mix of shubs and bare ground and using continuous estimates we can say it’s 30% shrub and 70% bare ground and monitor how those percentages change over time. This approach is useful for studies outside of forests and for tracking more subtle landscape changes such as forest degradation, for example, which can still affect the provision of ecosystem services such as carbon sequestration. 



Project summary
• Change in percent cover: 

• Woody (tree + shrub) 
• Herbaceous (grass + crops) 
• Barren

• Landsat 30 m data 
• 1999-2019 
• Southern Cone of South America 

• Uruguay 
• Paraguay 
• Argentina 
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Shrubs Trees

Grass Crops

Bare ground Bare ground

Presenter Notes
Presentation Notes
What do I mean when I say vegetation cover and bare ground? By woody vegetation, I mean shrubs and trees, shown here at the top. By herbaceous vegetation, I mean grass and crops shown in the middle and by bare ground I mean places that are basically un-vegetated. We used satellites and in particular Landsat at 30 m resolution to map these land cover over the Southern Cone from 1999 to 2019. In the north you can see forests shows in green. The east is dominated by croplands and grasslands, and the south, which is very arid/dry is dominated by shurblands. At the top we have Paraguay, Uruguay is in the east and the remainder of the study domain is occupied by Argentina, which is the largest and most heterogeneous country of the three. We divided the study domain into 11 different ecoregions and selected samples in the tiles highlighted in purple, making sure each ecoregion is represented. 



Methods graphic summary
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90th percentile NIR
(1999-2019) Spectral library Tree

Grass BareOkujeni et al., 2017

Synthetic spectra

Annual fraction maps Fraction change
Okujeni et al., 2017

Regression model

Bayesian change 
point algorithm 

Baccini et al., 2017

Assessment

Presenter Notes
Presentation Notes
We used these samples with a time series of 20 years of the 6 Landsat bands in order to derive a spectrum for each land cover class. So as you can see each land cover (crop and water, for example) have their own signature that looks different when we look from space. It’s like each land cover’s unique fingerprint that we can discern from space. But as I have already told you some places are a mixture of different land cover so to derive those signatures, we linearly mixed the “pure” land cover samples that we have. In this example, we have tree, grass and bare ground in each corner, representing 100% of that cover. If we mix them we can derive the signature of a place that has 20% tree, 60% grass, and 20% bare ground. We take the “pure” signatures and the mixed ones and combine them into a library. We use that library in a regression model to derive annual estimates of woody and herbaceous vegetation, and bare ground cover. Then use the annual fractional maps into a Bayesian change point algorithm to determine what the trajectory of change has been over the last 20 years and to derive a map of change from 1999 to 2019. Now in order to assess our model results we need to compare them against an independent dataset. To do so I collect samples of fractional cover using high resolution satellite observations.  



Accuracy assessment
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• Generally strong agreement between 
predictions and reference data: 

• R2 of 0.77 to 0.80

• Root Mean Square Error (RMSE) of 15% to 
18% 

• Computed regression-based estimators 
(Cochran, 1977) to estimate uncertainty and 
bias in map-based results 

Presenter Notes
Presentation Notes
Before I show you my findings, I am going to show you the assessment. On the x axis we have the fractions estimated from the model and on the y axis we have the fractions collected from high resolution remote sensing. On the left hand side I am showing a comparison of annual observations and on the right hand side I am showing comparison of change results. These two panels show results for bare ground, and I have similar ones for herbaceous vegetation and woody cover. Generally, the agreement between predictions and reference data is strong with r squared values of 0.78 to 0.85 and root mean square error of 12% to 17%. Since th assessment shows good results, I can proceed and tell you with confidence what we have learned about landscape change in the 21st century in the Southern Cone. 



Woody fraction 

Paraguay deforestation and degradation
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Herbaceous fraction 

Atlantic Forest

Dry Chaco

Presenter Notes
Presentation Notes
I will start with one of the most notable transitions in the last 20 years, the deforestation and forest degradation of Paraguay. This is Paraguay, in red I am showing loss and in blue I am showing gain. As you can see Paraguay has lost a lot of it’s forests and that’s associated with a concomitant gain in herbaceous cover. If we look at the trajectory of change thru time for the Atlantic Forest we get this. On the x axis we have time and on the y axis we have the fraction (you can think of it as percentage) of forest that has been lost. You see a decline in woody vegetation and associated rise in herbaceous. If we look at the same graphic for the Dry Chaco forest we see a similar story of forests being replaced with herbaceous vegetation. However, in this case you can see that the decline in woody cover is much faster. 



Paraguay deforestation and degradation
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• Atlantic Forest (Da Ponte et al., 2017)
• High rates of deforestation prior to 2000s 
• Commodity crops 
• Forests remnants in a highly fragmented 

landscape 

• Dry Chaco 
• Deforestation for cattle ranching 
• Deforestation has accelerated in the last 

two decades as Paraguay has become 
one of the largest beef exporter 

Photo credit: Jim Wickens

Photo credit: ethicalhuman.co

Presenter Notes
Presentation Notes
So what’s causing these changes. In the Atlantic Forest the cause is largely commodity crop agriculture, including soybeans for example. The highest rates of deforestation were prior to 2000s but we see in our study that remaining forest fragments, as shown here, are still being deforested. In the Dry Chaco, deforestation is largely driven by cattle ranching so clearing for pasturelands that usually takes this form of deforestation in squares. Deforestation has accelerated in the last two decades as Paraguay has become one of the largest beef exporters. 



Woody fraction 

Uruguay afforestation (plantations) 
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Herbaceous fraction 

Photo credit: Radost Stanimirova

• Pine and Eucalyptus plantations 
• Law in 1990 for industrial-scale planting
• Incentives removed in the mid-2000s     

(Redo et al., 2012)

Presenter Notes
Presentation Notes
In Uruguay, we have a different history of land use. This is a country that’s naturally dominated by grasslands. The figure set up here is similar, but you can see that Uruguay has experiences a gain in woody cover shown in blue and an associated loss of herbaceous cover show in red. Looking at the trajectory of change thru time we see that this is a relatively slower process compared to deforestation but with a notable increase in woody cover shown in blue. This is what it might look like on the ground. This is an example of pine harvest. There has been a rise in Uruguay of industrial-scale pine and eucalyptus plantations. The planting of these was incentivized by the government in the 1990s and the incentives were taken a way in the mid-2000s which corresponds to a leveling off woody gain in our data. 



Barren fraction 

Patagonia desertification
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• Degradation as a result of sheep grazing (Palacio et al., 2014) 

• Regional trend of precipitation decrease over the last two 
decades 

Photo credit: Radost StanimirovaWoody fraction 

Presenter Notes
Presentation Notes
Lastly, let’s look at Patagonia, in the arid south where a very different kind of change is taking place. Here, I am showing the change in woody fraction, which as you can see has been lost over the course of the last 20 years. The loss in woody cover is associated with a gain in bare ground, shown in blue. In fact, herbaceous cover has been steadily declining in the region. There has been a steeper decline in woody cover, associated with an increased in bare ground. And this is what it might look like on the ground where the interspace between shrubs increases, revealing more and more bare soil and making the landscape more and more desert-like. Desertification in this region has ostensibly been attributed to sheep grazing that has declined in the last decade, a signature of which we could perhaps see in the data. Expansion of bare ground levels off after 2010. In Patagonia there has also been a regional trend of precipitation decrease over the last two decades contributing to this process of desertifcation. 



Conclusions
11.6% of the study domain experienced changes in land cover
• Woody loss (101,528 ± 2843 km2)
• Herbaceous gain (87,507 ± 2730 km2) 
• Bare ground gain (31,354 ± 934 km2) 

16Stanimirova, R., Graesser, J., Olofsson, P., & Friedl, M. A. (2022). Widespread changes in 21st century vegetation cover in 
Argentina, Paraguay, and Uruguay. Remote Sensing of Environment, 282, 113277. 

Presenter Notes
Presentation Notes
I have shown you some examples of change throughout the Southern Cone. There is evidence of widespread shift in vegetation cover and bare ground. Forest ecoregions are experiencing deforestation and degradation while grassland ecoregions are experiencing afforestation and cropland expansion. Arid regions in the south of the study domain are experiencing bare ground gain. 
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Thank you! 

Radost Stanimirova
Postdoctoral Researcher
Email: rkstan@bu.edu
Website: rkstan.github.io
Twitter: https://twitter.com/radost_stan

http://rkstan.github.io/
https://twitter.com/radost_stan


Extras
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Presenter Notes
Presentation Notes
If you would indulge me I would like to talk about just a few of the highlights of grad school – one of which was field work in Argentina and Uruguay. I had an amazing time travelling more than 5000 miles across the two countries, getting to know collaborators, getting to see so so many different landscapes, drinking wine and mate. Some of the best memories! 



Methodology
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Generating synthetic spectra
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Spectral library

Randomized 
synthetic mixing 

Synthetic data

Machine learning

Predictions



Regression-based unmixing
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• Spectral band(s) as the independent variable (or “predictor”), cover 
fractions as the dependent variable (or “target”) 

• Model training requires information for the full possible range of the 
dependent variable 

Okujeni et al., 2017



Bias correction
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a b

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = 𝑌𝑌𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 − 𝑌𝑌𝑜𝑜𝑜𝑜𝑜𝑜 = 𝐵𝐵 + 𝑏𝑏𝑌𝑌𝑜𝑜𝑜𝑜𝑜𝑜

Figure 3. Predicted (y-axis) versus observed (x-axis) values from Random Forest for woody 
fraction. Panel (a) shows uncorrected predictions of woody fraction and panel (b) shows bias-
corrected predictions of woody fractional cover.   



Spatial Distribution of Fraction Cover
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