
Somidh Saha
somidh.saha@kit.edu

www.somidh.com

How to reduce trade-offs between supporting and 
regulating ecosystem services from urban and peri-urban 

forests?

mailto:somidh.saha@kit.edu
http://www.somidh.com/


Urban and Peri-Urban Forests (UPFs)

UPFs of Singapore (graphic source: New York Times)



Climate 
change 

vulnerability
Urbanization

Karlsruhe is vulnerable to the double 
trouble of climate change impacts and 
urbanization (DWD 2016, Rannow et al. 
2010, Siedentop and Fina 2010 ) 

The number of hot days (>25°C) 
was 50 in 2010s – will increase to 70 
by 2040s! (Government of Baden-
Württemberg, Stuttgart)

Karlsruhe and global change



5 challenges of Karlsruhe‘s urban and peri-urban forests

1. Crown damage and die-back of trees inside built-up
areas of the cities

2. Crown damage and die-back of trees in peri-urban 
forest stands 

3. Densification: the decline of above and below-ground
spaces for the trees

4. Biodiversity loss
5. Challenges in tree care and management due to lack of 

financial resources and human resources



Some ecosystem services and trade-offs



Ecosystem services

Regulating Supporting

• Flora and 
fauna 
diversity

• Habitat 
diversity

• Genetics and 
trait

• Heat mitigation
• CO2-

sequestration
und -Speicherung

• Pollution removal
• Air quality 

improvement
• Erosion control

Provisioning

• Timber
• Biomass
• Fruits
• NTFPs

Cultural

• Aesthetic values
• Social cohesion
• Sports
• Mental health



UPFs inventory in Karlsruhe and Rheinstetten



Ecosystem services assessed from 2968 trees
(201 plots)

Cueva, J.,…, Saha, S. 2022 
(Sustainable Cities and 
Society)
https://www.sciencedirect.com
/science/article/abs/pii/S22106
70722002256



Trade-offs between ES

Cueva, J.,…, Saha, S. 2022 
(Sustainable Cities and Society)
https://www.sciencedirect.com/science/article/abs/pii/S2210670722002256



Microclimatic modeling and linking to tree 
cover and urban morphology during 
heatwaves



Cooling increased with tree cover percentage and proximity to green
space



Crown damage of solitary trees



Crown damage in solitary trees



Crown damage in solitary trees

Schobert, M. and Saha, S. in review



Crown damage in solitary trees

Schobert, M. and Saha, S. in review



Crown damage in stand-forming trees of peri-urban forests



Crown damage in stand-forming
trees of peri-urban forests



Case study on native and exotic oaks





































In Karlsruhe city, exotic Q.rubra (red oak) trees have better performance than 
native Q. robur (pedunculate oak) trees in:

● H1) radial growth; accepted (at least in first 70 years) 
● H2) tolerance to drought; rejected (warrants field ecophysiological study)
● H3) internal trunk defect; rejected (warrants root decay and fungi study)
● H4) health symptoms such as lower crown die-back; accepted (but can be 

result of management)
● H5) Microhabitat provisions and bat diversity; rejected
● H6), and those responses varied between growing environments (park vs. 

street) and other factors: partially accepted (tree size, park vs. street, soil 
physical properties, and tree pruning intensity are important, warrants long-
term monitoring)

Working hypotheses revisited



Synthesis



Key take homes

1. Poor vitality of solitary and stand forming trees
2. Trade-offs between supporting and regulating

ecosystem services
3. Species origin, functional trait, irrigation, local

soil, and solar irradiation are very important to
consider

4. Healthy and high proportion of leaf area is key
for cooling



What is a trade-off in ecology?
• It is a spatial, statistical, and temporal pattern of relationships between

two or more variables when gain in one variable can result in loss in 
another. 

• In nature, it is a very normal thing. 

• It becomes a concern in anthropocentric systems when humans want 
benefits or services from multiple biophysical variables simultaneously 
and indefinitely. 

• Scientists and managers often want to understand these patterns in 
detail. For example, understanding processes and ramifications of 
trade-offs can contribute to tuning management so that a win-win
situation can be reached.  



What is a trade-off in ecology?
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How to reduce trade-offs

1. Increase tree species diversity in streets

2. Increase flora and fauna diversity in parks and gardens

3. Increase urban green space cover

4. Improve and modernize tree inspection and tree care

5. Bring complexity and innovation to landscape design

6. Increase awareness, involve citizens and stakeholders



Think innovative and complex
Front of our institute today



Front of our
institute in future



Otto Dullenkopf Park Today



Otto Dullenkopf Park in Future



Thank you
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