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Ecosystem services for landscape planning and design

1. What are ecosystem services?
2. Measuring and mapping ecosystem services
3. Simulating future scenarios

4. Integration into planning and design



1. What are ecosystem services?

Nature provides us with numerous ecosystem services (benefits to people)

Air
purification

Microclimate
cooling

Coastal
Food protection




1. What are ecosystem services?
Ecosystem services are the benefits nature gives us

Provisioning services Regulating services

Cultural services




1. What are ecosystem services? ( ')
The importance of an ecosystem services perspective

Demonstrate the Avoid trade-offs More sustainable
importance of nature futures
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2. Measuring and mapping ecosystem services

Cooling effect of vegetation

Richards et al. 2020, Urban Forestry and Urban Greening
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Cooling effect of vegetation

Turf Tree over turf Shrub Tree with shrub Unmanaged vegetation
understorey

Richards et al. 2020, Urban Forestry and Urban Greening



2. Measuring and mapping ecosystem services

Cooling effect of vegetation

Richards et al. 2020, Urban Forestry and Urban Greening
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2. Measuring and mapping ecosystem services

Cooling effect of vegetation

Temperature ( C)

Richards et al. 2020, Urban
Forestry and Urban
Greening
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2. Measuring and mapping ecosystem services

Tree benefits for livestock heat stress




2. Measuring and mapping ecosystem services

Tree benefits for livestock heat stress

temperature

Richards et al. 2024 Global Change Biology

Humidity

Have relatively small impacts
on heat stress

Direction varies depending on
context and type of trees

sheltered
area
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Tree benefits for livestock heat stress
Radiation

Large impact Large but
variable

Always positive impacts

temperature

Richards et al. 2024 Global Change Biology



2. Measuring and mapping ecosystem services

Tree benefits for livestock heat stress
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2. Measuring and mapping ecosystem services

Social media data as an indicator of recreational value

Song et al 2020. Land Use & Urban Planning
Song et al. 2020 Scientific Reports

Richards and Friess 2015. Ecological Indicators
Richards and Tuncer 2017. Ecosystem Services
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Social media data as an indicator of recreational value

™) Google Cloud Platform Q  Search cc

Why Google Products Solutions Launcher Pricing Customers Documentation > TRY IT FREE

1. Extract geotagged

Labels Web Text Document Properties Safe Search JSON images from SOCiaI
media
Tree 97%
2. Infer content using
Woody Plant 93% . . .
machine learning image
Plant 89% recognition
Architecture 80%
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IMG_8223.jpg R — Grass 539%

Song et al 2020. Land Use & Urban Planning
Song et al. 2020 Scientific Reports

Richards and Friess 2015. Ecological Indicators
Richards and Tuncer 2017. Ecosystem Services
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Social media data as an indicator of recreational value
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Birds
[BIRD] A
9,623 photos

Other wildlife
[WILD] A
8,768 photos

Flowers
[FLWR] A
4,749 photos

Song et al 2020. Land Use & Urban Planning
Song et al. 2020 Scientific Reports

Richards and Friess 2015. Ecological Indicators
Richards and Tuncer 2017. Ecosystem Services
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machine learning image
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Social media data as an indicator of recreational value

1. Extract geotagged images
from social media

2. Infer content using machine
learning image recognition

3. Model spatial occurrence in
environment

z

Song et al 2020. Land Use & Urban Planning
Song et al. 2020 Scientific Reports

Richards and Friess 2015. Ecological Indicators
Richards and Tuncer 2017. Ecosystem Services
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2. Measuring and mapping ecosystem services

Social media data as an indicator of recreational value
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3. Simulating future scenarios

Testing new scenarios: Tengah Forest Town



3. Simulating future scenarios

Testing new scenarios: Tengah Forest Town

Tan et al. 2021. Frontiers in Environmental Science
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3. Simulating future scenarios

Testing new scenarios: Tengah Forest Town

Legend

':] Marine : Artificial impervious surfaces - Freshwater swamp/marsh : Managed trees - Unmanaged Trees

- Inland water |: Non-vegetated pervious surfaces D Mangrove forest

|:| Managed shrub/turf : Scrubland

Tan et al. 2021. Frontiers in Environmental Science



3. Simulating future scenarios

Testing new scenarios: Tengah Forest Town
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3. Simulating future scenarios

2025 update: Tengah Forest Town

LTA Contract J101

Legend
:] Marine :] Artificial impervious surfaces - Freshwater swamp/marsh I:I Managed trees - Unmanaged Trees 0 0.5 1 2 Kilometers
- Inland water I: Non-vegetated pervious surfaces E Mangrove forest :] Managed shrub/turf :] Scrubland | | 1 1 | 1 1 1 |

Tan et al. 2021. Frontiers in Environmental Science



3. Simulating future scenarios

2025 update: Tengah Forest Town
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3. Simulating future scenarios

Mackenzie Country, New Zealand

ake Pukaki | Current Landscape
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3. Simulating future scenarios
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Agricultural Futures, Twizel and Ohau Rivers | Current Landscape
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3. Simulating future scenarios
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4. Planning and design

1. Guidelines and information
2. Software
3. Digital planning tools

4. Artificial intelligence



4. Planning and design

Guidelines and information
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Guide for landscape architects available free here:

https://ethz.ch/content/dam/ethz/special-interest/dual/fcl-
dam/doc/LR_FCL_Benefits_of_Tropical_Urban_Vegetation_050820.pdf


https://ethz.ch/content/dam/ethz/special-interest/dual/fcl-dam/doc/LR_FCL_Benefits_of_Tropical_Urban_Vegetation_050820.pdf
https://ethz.ch/content/dam/ethz/special-interest/dual/fcl-dam/doc/LR_FCL_Benefits_of_Tropical_Urban_Vegetation_050820.pdf

4. Planning and design

Software

Air Temperature
Model

Impact of vegetation
cover on air temperature

Runoff Model

Impacts of ecosystems
in retaining runoff

%))

Noise Model

Impact of vegetation
on attenuation of road
traffic noise

Access Model

Access of people to
green and blue spaces
for recreation

PM10 Model

Impact of vegetation in
removing particulate
matter air pollution

4

.

Soil Erosion Model

Impact of ecosystems in
preventing soil erosion

https://github.com/drexrichards/ncs2020

O

Natural
Capital
Singapore


https://github.com/drexrichards/ncs2020

4. Planning and design

Software

RStudio File Edit Code View Plots Session Build Debug Profile

Tools Window Help @ © & @

@ ® ~/Documents/Dan's r packages/ncs2020 - master - RStudio
O - Oy - A Go to file/function g - ~ Addins ~
@ runoff.R © | noise.R = Environment  History Connections  Build
Source on Save = (4 > b = Run %= 4 Source ~ = H # Import Dataset ~ {

1 #' Modelling of runoff absorbtion by vegetation "% Global Environment ~
2 #
3 #' This function models runoff reduction by vegetation Files Plots Packages Help Viewer
4 #' @aram lcm Land/ water cover map, including vegetation categories. A
S #' @param rainfallin Rainfall in mm - "' —
6 #' @return Two rasters in a list, the first is proportion of runoff al  R:Modelling ec services in S e~ [ Fin
7 #' @export

8 * runoff.model <- function(lcm, rainfallin){

9 # make a new raster of curve numbers

10 cnras <- raster::reclassify(lcm, data.frame(ncs2020: :looktbl$gaw.20:
11

12 # estimate runoff for a given rainfall event

13 # lets assume a 110 mm hourly rainfall event

14 # this is a big storm in Winston Chow's Singapore flooding paper
15 # 15 inches = 381 mm. so 1 is 25.4

16 # 50 mm is 1.96 inches

17

18 rain <- 0.03937008 * rainfallin

19

20 # see if it matches first
21~ if(rain %in% runoffcurve$Rainfall){

22 nrunoff <- runoffcurve[which(runoffcurve$Rainfall == rain),]

23

24~ } else {

25

% rs—————,
10:27 runoff.model(lcm, rainfallin) + R Script ¢
Console ~/Documents/Dan's r packages/ncs2020 -]
> 7ncs2020

No documentation for ‘ncs2020’ in specified packages and libraries:
you could try ‘??ncs2020’
>

Modelling ecosystem set

£ drexrichards / ncs2020 private ® Unwatch~ 1 *star 0 | Yrork ©
<> Code Issues 0 Pull requests 0 Actions Projects 0 Wiki Security 0 Insights Settings
No description, website, or topics provided. Edit

Manage topics

< 11 commits 1 branch 9 0 packages © Oreleases 42 1 contributor

Branch: master »

New pull request Create new file  Upload files  Find file Clone or download «

;.I.; drexrichards Corrected green access Latest commit a3bd5fd 9 days ago
R Corrected green access 9 days ago
B data Corrected green access 9 days ago
@ man This version includes a tested and working noise model. Unfortunately... 27 days ago
[E) .Rbuildignore initial commit 2 months ago
B aitinnara initial ~ammit 2 manthe ann

Documentation for package ‘ncs2020’ version 0.1.0

« DESCRIPTION file.

Help Pages

Modelling of public access to green space and natural ecosystems and

s open water
airtemp.model Modelling of reduction in air temperature caused by ecosystems
hello Hello, World!
noise.model Modelling of noise attenuation by vegetation
pm10.model Modelling of PM10 removal by vegetation
runoff.model Modelling of runoff absorbtion by vegetation
ilerosion.model Modelling of soil erosion protection by ecosystems

soilK.model Calculation of soil K factor based on soil data




4. Planning and design

Software

O BEl Product Solutions Resources Open Source Enterprise Pricing

A manaakiwhenua / hbrc ' pubiic L\ Notifications

<> Code (2 Issues I Pullrequests () Actions [ Projects (@ Security [+ Insights

¥ master ~ ¥ 1Branch © 0 Tags Q Gotofile ¢> Code ~ About

Functions for estimating ecosystem

drexrichards Update READMEmd &3 ba72f2f - 8 months ago @ 24 Commits services indicators usmg high—reso\ution
spatial datasets.
R Mineor error in cn.el 8 months ago
0 Readme
Remov £ ata sinc . travel wi .
data Removed datasets from data since they do not travel well. T... 8 months ago o5 CC-BY-4.0 license
man Updated to match Beets et al 2012 Table 2 9 months ago - Activity
= Custom properties
0 .Rbuildignore nitial 9 menths ago
17 0stars
0O .gitignore nitial commit 9 months ago < 3 watching
. ) % 0forks
[ DESCRIPTION Addition of pdf guide version 9 months ago
Report repository
[ LICENSEmd nitial 9 menths ago
D NAMESPACE nitial commit 9 menths ago Releases
Mo releases published
[ README.md Update README.md 8 months ago
0 hbrc.Rproj nitial commit 9 months ago Packages
0 intro-hbre-v3.pdf Updated documentation after fixing biomass 9 menths ago Mo packages
— Languages
[0 README &8 CC-BY-4.0 license = guag
® R 100.0%

hbrc: Quantifying ecosystem services

https://github.com/manaakiwhenua/hbrc



https://github.com/manaakiwhenua/hbrc

4. Planning and design

Software

https.//github.com/manaakiwhenua/hbrc

Introduction to the HBRC package

Contents
Overview
Package installation and set-up

Package lunctions summary

Runoll retention . . . .. .. .0,
Carbonstocks . . ..o 000000 L.
Air pollution removal . 0 0 0 000
Landscape acsthetics . . . . . ... ..
Ultraviolet (UV) protection . . . . . .
Shade .. ... ... 000000

Nutrient relention . . . ... ... ..

Example usage

Tesl case study region . . . . . 0L

Runofl retention . . . .. .. ... ..

Aboveground biomass carbon stocks

Air pollution removal . 0 0000 L
Ultraviolet (UV) protection . . . . . .
Shade ... .00 00000
Landscape acsthetics . . . . . ... ..

Nutrient retention . . .. .. . .. ..

Uncertainty propagation

Saving outpul maps

Dan Richards

2023-12-04
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.................................. 15
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4. Planning and design

Software

https://github.com/manaakiwhenua/hbrc

Introduction to the HBRC package

Dan Richards

2023-12-04

Contents
Overview
Package installation and set-up

Package lunctions summary
Runoll retention . . . o000 00 L0 e e e e
Carbon stocks . o 00000 0 e e
Air pollution removal . 0 L 00 L L e e e e
Landscape acsthelics . . 0 0 0 00 0 0 0 L e e e
Ultraviolet (UV) prolection . . . . . ..o 00 o bt e e e
Shade o o e e e e e

Nutrient relention . . .. . L 0 0 0 L e e e e e e e

Example usage
Tesl case study reglon . . . L 0 0L oL e e e e e
RBunofl relention . . . .. 0 0 0 0 0 o o e e e e e e e e e
Aboveground biomass carbon stocks o .0 L0 0 L0 L L e e
Air pollution removal . L L L 0oL L e e e e e
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Nutrient relenlion . . . . .. o 0 L L L e e e e e e e e
Uncertainty propagation

Saving outpul maps

a2 B w  w a

P

# Run function
uv.out<- hbrc.uv(lcm=hb.1m$hb.lcm,
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Digital planning tools

https://mwir.nz/ncp-christchurch

O Benefits of urban vegetation in Otautahi/ Christchurch ~ Manaaki Whenua/Landcare Research | Full Report and data

O]»] -+

tchurch

=
“u

=

Coutts Island

Clearwater Belfast
BOTTLE LAKE
FOREST PARK
Redwood
Parklands
CHRISTCHURCH
INTERNATIONAL
AIRPORT
Burnside
Shirley
Strowan Bexley
St Albans
Russley
Riccarton Christchurch
Sockburn
Hornby
Spreydon
Hoon Hay SCARBOROUGH
PARK
Halswell Westmorland
Te Onepoto
Lyttelton
! .. ‘ -\ ~
LINZ, Stats NZ, Esri, HERE, Garmin, Foursquare, METI/NASA, USGS | LINZ, Stats NZ, Esr... o

Layer List

Layers

) Green spaces for education

» Carbon stock

» Particulate matter removed

» Distance to public recreation space
) Bird species

b Private green space

» Shade provision

» Runoff retained

» Erosion prevented



https://mwlr.nz/ncp-christchurch
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Digital planning tools https:/mww.selwyn.govt.nz/inews-And-events/news/mapping-the-blue-green-benefits-of-ecosystem-services-in-rolleston

Rolleston Ecosystem Services
Case Study

The case study is part of a broader research programme on
the Waikirikiri Ki Tua Future Selwyn Blue-Green Network

Manaaki Whenua
Landcare Research


https://www.selwyn.govt.nz/news-And-events/news/mapping-the-blue-green-benefits-of-ecosystem-services-in-rolleston
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Digital planning tools

(e [selyn. Rolleston Ecosystem Services Case Study
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Introduction =~ What Are Ecosystem Services?  Ecosystem Service Maps
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Carbon stock in tree aboveground biomass

Carbon dioxide is Earth’s most important
greenhouse gas that absorbs and radiates heat.
The more trees we have, the more carbon is
removed from the atmosphere which plays a
crucial role in mitigating climate change as
increased carbon dioxide in the air traps some
of the heat that Earth would otherwise radiate
into space, resulting in warmer climates and

contributing to the greenhouse effect.

Fossil fuels that are burnt for energy are the
largest contributor to increasing

concentrations of carbon dioxide in the Tree aboveground carbon stock

atmosphere. As we are producing more carbon Carbon Stock (Mg/ha)

dioxide than the amount that natural carbon Value

sinks (such as the land and oceans) can | <10

remove, the total amount of carbon dioxide in Il 10-100

the atmosphere increases every year. I 100-400 &
Il 400800
Il co0- 1492 +

Carbon is stored in trees through the process

of photosynthesis where carbon **-—de is

LINZ, KiwiRail, NZ 2000ft— 1 Powered by

abhenrbhad from the aty and coamare Imtr
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Artificial intelligence

2 Executive summary

3 Current environment

Automated re ports 4 Climate Change Impacts

5 Future Opportunities

84 cities around the world R

7 References

Richards et al. 2024. People & Nature

Urban ecosystems of Dunedin

Dan Richards

Manaaki Whenua - Landcare Research, Aotearoa New Zealand
richardsd@landcareresearch.co.nz

1 Scope N

This report was written as part of a research project aiming to make information on urban ecosystems available to the
residents of towns and cities worldwide. The maps and data presented in this report are the output of a global data synthesis
and simulation exercise, so necessarily rely on global datasets that may not be the most up-to-date or spatially precise for the
location. The analysis fused petabytes of publicly available spatial data from more than 15 datasets, and applied global models
for urban ecosystem services. More details and relevant references for further reading can be founds in the Methods section.
The intention of these reports is to provide a standardised minimum level of understanding of the structure and services
provided by urban ecosystems in Dunedin. We encourage the reader to search for any local reports or research that may exist,
as these are likely to be more accurate and relevant to the local context. The authors take no responsibility for the quality and
accuracy of the data, models, or text provided in this report. The report should not be solely relied on for decision-making.

2 Executive summary

* Urban Biodiversity: Dunedin’s urban ecosystems are characterized by diverse vegetation, bird species, and other animal
life. The city’s greenspaces, including parks, street trees, and private gardens, host a range of native and exotic plants,
contributing to substantial botanical diversity. Bird species such as the red-billed gull, southern black-backed gull, and tui
are emblematic of this rich avian life, while mammals like the New Zealand sea lion and hedgehogs highlight the city’s
ecological variety beyond avifauna.

¢ Ecosystem Services: Dunedin’s urban ecosystems provide critical services, enhancing both environmental and human
health. Key regulating services include significant flood protection, where vegetation mitigates approximately 53.4% of
incoming rainfall during high precipitation events and prevents 77.6% of potential soil erosion. Temperature regulation
through shade from urban trees significantly reduces solar radiation, contributing to thermal comfort and reduced
energy demand. Urban ecosystems also play a vital role in carbon sequestration, storing 339,386 megagrams of carbon
and sequestering 10,279 megagrams annually.

* Socio-cultural and Provisioning Services: Residents benefit from high accessibility to green spaces, with 97.5% living
within a five-minute walk of an urban ecosystem, which supports recreation and physical and mental health. Cultural
values are intrinsically linked to these ecosystems, particularly through Maori traditions and the celebration of native bird
species. Urban agriculture, including community gardens and peri-urban farming, contributes to local food security and
social well-being, supplementing household nutrition and fostering community engagement.

* Climate Change Impacts: Climate projections suggest Dunedin will experience increased temperatures (0.7 to 1.7
degrees Celsius rise) and variability in precipitation patterns, posing threats to urban ecosystems such as vegetation
stress and heightened urban heat island effects. However, urban ecosystems act as buffers against climate impacts by
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Artificial intelligence

Harmful -

Not useful 1

Slightly useful -

Very useful 4

No response -

Would be useful to expand to other cities

10 20
Number of responses
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Richards et al. 2024. People & Nature
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Artificial intelligence
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Artificial intelligence

O Climate & Agriculture Gen Al System

Disconnected

9

Climate and Agriculture Agent

Ask questions about climate change impacts on New Zealand
agriculture, backed by scientific research and comprehensive reports.
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Artificial intelligence

O Climate & Agriculture Gen Al System @ Connected

How will pasture production by impacted by climate change across Selwyn District?

Climate Change Impacts on Pasture Production in Selwyn District

Based on the climate projections and pasture production modeling for Selwyn District, several changes are expected in pasture production across the region under different climate
change scenarios.

Projected Changes in Pasture Production

Under mid-century climate change scenarios, pasture production in Selwyn District is expected to experience the following changes:
Current baseline: The mean pasture production is approximately 9,318 kg DM/ha
Under RCP2.6 (low emissions): Mean pasture production is projected to increase to around 12,517-13,587 kg DM/ha
Under RCP4.5 (intermediate emissions): Mean pasture production is projected to increase to approximately 12,819-13,000 kg DM/ha
Under RCP6.0 (intermediate-high emissions): Mean pasture production is projected to increase to around 12,921-14,253 kg DM/ha
Under RCP8.5 (high emissions): Mean pasture production is projected to increase to approximately 13,655-15,210 kg DM/ha

Spatial Variability

The impacts will not be uniform across the district:

Higher production areas: Central and southern areas of Selwyn District are projected to maintain the highest pasture production values (exceeding 20,000 kg DM/ha in some
locations), likely due to favorable conditions includinm hotar noil maintiies sotantion and affactiin ivrication N1 N2 N2 Nnal

Lower production areas: Northern and northwestei U ireas and around
streams like Bull Creek, Mount Williams, and Kilmarnock Glacier (K3, K4)
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David Worden + MidJourney
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Artificial intelligence

Option B: Increasing lifestyle blocks

M::f.ﬁ g

Ly

o Greater Christchurch
9:99 Partnership
PN ——
X g Te Tira To Tahi

' One Group, Standing Together

Selwyn District Council,
Christchurch City Council, Kainga
Ora, NZTA, Environment
Canterbury, Greater Christchurch
Partnership
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Artificial intelligence

Richards and Worden 2024. npj Climate Action

Responsible and ethical applications of Al
Risks of misinformation and other nefarious
uses

Energy and carbon costs



Ecosystem services for landscape planning and design

1. Ecosystem services are key to successful futures
2. To plan and design, we need to quantify ecosystem services
3. Simulation must play a bigger role in design

4. Science must connect to policy at national, regional, and local scales

Contact: Dan Richards

richardsd@landcareresearch.co.nz
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