
Rethinking Botanic Gardens in the Face of 
Climate Change – Perspectives on Planning, 

Landscape Design, and Implementation

Peter Symes

Curator Environmental Horticulture



How do we respond to climate change?

• A precautionary approach is recommended as the best 
risk management method

• Current climate change models are generally following the 
higher IPCC emission scenarios or the projected changes 
are happening more quickly than formerly anticipated

• Uncertainty about the extent of the main processes driving 
serious impacts – however the ambiguities are still driving 
towards more rapid and serious climate change



Change Paradigm
• Long lead times are required to establish more resilient 

landscapes and living collections. 

• Apply scenarios of ‘worst case’ temperature and rainfall 
changes in future landscape planning

• There is nothing to lose – except:

– Increased understanding of risks to biodiversity
– Greater investment in plant conservation
– Transitioning of most living landscapes to more sustainable 

positions
– Enhancement of employee skills
– Further development of Botanic gardens networks and 

partnerships 

• Slow response ® worse projections ® too late! 
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Need to bridge the 
response gap!

It is not the strongest of the species that survives, nor the most intelligent, but rather the one most adaptable to change 
(Clarence Darrow).



Why do we need to accelerate ex-situ 
conservation?

• Global changes combined with existing threats to plants in-
situ  

• Regional and major botanic gardens can play a world-wide 
role in ex-situ plant conservation

• Australia is vulnerable as temperatures shift - lack of 
altitudinal and or geographical ‘escape paths’ for flora.



Proxy-based 
reconstructions of 
hemispheric and 
global surface 
temperature 
variations over the 
past two millennia 

STATE 
OF 

PLAY?

Source: Proceedings of the 
National Academy of 

Sciences 
Vol. 105, No. 36, pp. 13252-
13257, September 9, 2008. 

doi:10.1073/pnas.080572110
5 



World-wide changes to precipitation

Source: http://www.gfdl.noaa.gov/will-the-wet-get-wetter-and-the-dry-drier



Source: http://www.gfdl.noaa.gov/will-the-wet-get-wetter-and-the-dry-drier

Most of SE Australia is 
between 30- 40o

latitude south:
Perth = 31 o S
Sydney = 33 o S
Adelaide = 34 o S
Canberra = 35 o S
Melbourne = 37 o S

How precipitation changes may impact  SE Australia



Atmospheric-Oceanic Interactions

http://www.bom.gov.au/climate/IOD/about_IOD.shtml

(Indian Ocean Dipole - The Australian 
Version of El Nino)



Long-term trend in total water availability for soil and groundwater 
between 1980 and 2008

Image credit – CSIRO Water scarcity started 15 years ago CSIRO Media Release – 25 August 2009 Ref 09/154

Is the current drought for 13+years or 29+years?



Current Rainfall Situation

Source: Australian 
Bureau of Meteorology



Selection of projected climatic changes for Port 
Philip catchment (Melbourne)
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Climate Change comparisons with SW USA

• Impacts on snowpack affect recharge of groundwater (supplies 
about 50% for human use) and storages. 

• USA Southwest is especially expected to have high temperature 
rises with increases of up to 2.8—4.4oC by the end of this 
century. 

• Decreases in precipitation of 5-10% are envisaged by 2100 –
esp. winter precipitation for SW USA and N. Mexico 

• Biodiversity of south-western USA is vulnerable due to existing 
aridity

• Similar influences are anticipated of climate-linked atmospheric 
pressure and ocean temperature changes with south-east 
Australia. 



Most significant issue 
is probably 

temperature rise, esp. 
extremes!

Source: Australia Bureau of Meteorology



Beware applying ‘average’ climate data 

Source: http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-ts.pdf



Extreme temperatures – RBG Melbourne

Temperature Summary for RBG Melbourne
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Urban Heat Island (UHI) impacts

• Urban heat island impacts have not been considered within 
long term climate projections

Source: Coutts AM, Beringer J, Jimi S and Tapper NJ (2009)

• Botanic gardens in urban centres - UHI can be anticipated to 
amplify increase in temperatures.



Continuous improvement in water management 
and use efficiency

• Early adoption of water efficiency 
programs provides immediate 
benefits for climate change 
resilience. 

1. Variability in the edaphic and 
microclimate environment = increased 
sophistication in control systems.

2. Improvement of irrigation scheduling 
precision for hydro-zones



Landscape planning and policy

• Unique tensions between conserving historic identity and 
meeting contemporary needs for environmental 
sustainability. 

• Botanical gardens have long-term planning, botanical and 
horticultural expertise

• Are we the experts who can provide climatic and curatorial 
information for socio-political needs?

• Development of flexible master plans and living collections 
policy



Current heritage 
landscapes – do they 

reflect history or 
horticultural fashion?



Integration of engineering, environmental science 
and horticulture

•Bioremediation – urban stormwater
treatment



• Plants and collections should be chosen for their suitability 
for the  local climatic and edaphic conditions.

• Greater emphasis should  be placed on display of 
geographic (rather than taxonomic) floras of current and 
future homoclimes.

• Some existing collections will need realignment of  
composition to suit climatic conditions

• Strategic replacement by more suitable species

Landscape planning and policy



Develop  locally 
indigenous plant 
collections

• Indicators for 
phenological studies?



Victorian Rare and Threatened 
Collection



Water Sensitive Urban 
Design

- Guilfoyle’s Volcano 
Project

Integrate:

-heritage

-plant selection for current 
and future climates

-water reuse

-efficient irrigation

-education



Where are we going in collection planning?

Hot, dry

Hot, dry

Moist, cool

Moist, cool

Microclimate 
Mapping
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Plant selection and collection evaluation

1. Large knowledge gaps for many of the plants we grow – (esp. 
climatic preference/tolerances and natural habitats)

2. Develop our understanding of what respective taxa can survive
- heat tolerance and water scarcity 

3. Imperative to upskill curators in climate/plant knowledge 

• Promote a culture shift in living collections selection and landscape 
planning.

4. Need to actively develop national plant knowledge base 
systems.



Plant selection and collection evaluation



Challenge our assumptions - flora from  
Mediterranean climates may be in trouble!

• Strong interest in Mediterranean flora on the basis that these species 
are drought tolerant due to extended summer months of very minimal 
rainfall

• Mediterranean climates are usually characterised by significant winter 
precipitation which often recharge groundwater and subsoil moisture 
levels

• Projected reductions to 
winter-spring rainfall 
patterns in Victoria could 
impact winter-rainfall 
dependent taxa

Quercus agrifolia – on the road to Monterey



An Aussie in San Francisco!
(Corymbia ficifolia )

West Australian species from a 
‘Mediterranean climate’. Annual rainfall 
regimes of about 800—1200 mm, >winter. 



Challenge our assumptions - ‘out of the square’
plant selection 

• Think laterally for plant 
selection for future climates

• Plant adaptation to climatic 
shift?

Mark Dimmit – Desert Museum

Mark Dimmit – Desert Museum

P Symes

Sonoran Desert – derived from 
deciduous tropical forest 10,000 

years ago

deciduous tropical forest

deciduous tropical forest

Sonoran desert



Challenge our assumptions - ‘out of the square’
plant selection

• Species assumed to be intolerant of 
drought and or heat.

• ‘Discover’ from cultivation 
experience that the converse 
occurs. 

Kashmir Cypress 
(Cupressus 

cashmeriana)
Aechmea gamosepala



Use of contemporary data stores, software, 
technology and tools

• Fluency with climatic 
information should be in our 
repertoire of expertise.

•Site-specific Automatic Weather 
Stations (AWS) 

• Weather variables 
• ETo estimation
• Degree day (heat accumulation)
• Cross-referencing of phenological

studies.



Soil Moisture Measurement

Physical indicator of soil hydrology and biological plant water demand

Closes the 
loop in 

irrigation 
control!



http://koeppen-geiger.vu-wien.ac.at/



Aridity Indices 
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Aridity Index Determination = [Mean Monthly Rainfall/(Mean MonthlyTemp+10)]

Methodology sourced from Gentilli J (1971) Climates of Australia and New Zealand, Elsevier Publishing

(Month 1 is equivalent to July (winter) In Melbourne)

A high value indicates potentially 
greater available moisture 

Low values indicate potentially 
less moisture



Software - Climatch

http://adl.brs.gov.au:8080/Climatch/

[Match with range of stations of Southern Africa]



Software -
LocClim

Phoenix region, 
Arizona

Monthly rainfall

Potential ETo

Av. max

Av.

Av. min

Handy software 
package for 

interpolating between 
weather stations



Relationship between rainfall and NDVI

Normalised Difference 
Vegetation Index

•A possible tool for planning and 
assessing collection 

development

Source: Australia Bureau of Meteorology



Australian Virtual Herbarium

• Matching of Australian taxa with average climatic parameters such as annual 
max temperature and average annual rainfall. 

•Does the declining health 
of Lophostemon confertus
in Melbourne over the last 
decade now begin to 
make sense!

http://www.rbg.vic.gov.au/cgi-bin/avhpublic/avh.cgi)



Ficus virens
•Broader rainfall/temperature 
distribution 
•genetic plasticity?
•ecotypic selections?
•tolerant of seasonal drought?
•cope with declining winter 
rainfall in Melbourne?

Tool > Australian Virtual Herbarium
(Which Species?) Ficus obliqua

http://www.rbg.vic.gov.au/cgi-bin/avhpublic/avh.cgi)



 

Step 2 Establish value of plant 
 

�  Determining the value of the plant assists 
with the assigning the priority and level of 
resources to maintain the plant’s health 

�  
2
The current RBG annual target for 

precipitation is <1000mm. This is the sum of 
water supplied from both rainfall and 
irrigation. For example, if 600mm was 
received naturally by rainfall in a given year, 
then a maximum of about 400mm (or 
108,000 kL) would be expected to be 
applied by irrigation 

�  Some landscape specimens such as 
mature trees and historic plantings (if found 
to be unsuited for projected climate 
conditions) may require additional water 
until the end of their viable life. This 
additional water is expected to be 
‘balanced’ by differential irrigation practices 
for species requiring less water in the 
landscape 

�  It is worth noting that while the RBG may be 
able to direct water resources (if available) 
to preserve significant plant specimens, it 
will be very difficult to mitigate against rises 
in mean temperature. Many cooler-climate 
species will be increasingly threatened by 
their inability to cope with heat-impacted 
physiology, and transpiration losses greater 
than what can be extracted from the soil 

�  Other specimens may be found to be 
readily propagated and genetic material 
then relocated to other scientific gardens 
with more suitable climatic conditions. 
These plants may require additional 
irrigation for 12-24 months until successful 
propagation can be undertaken. The 
additional water that is required will need to 
be balanced by differential irrigation 
practices or installation of more efficient 
irrigation systems. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yes 
Does the plant meet any of the 
following criteria? 
 
�  Rare and threatened 

species or cultivar 
�  Only taxa represented in 

the RBG and rare in 
cultivation 

�  Belongs to priority RBG 
living collection under the 
Living Collections  

�  Historic significance or 
commemorative planting 

�  Significantly contributes to 
the RBG landscape 

 

No 

Is the plant widely cultivated 
OR readily available in the 
trade? 
 

Can the plant be readily 
relocated to more suitable 

microclimates within the RBG? 
 

Can supplementary irrigation 
be applied without exceeding 

the overall 2RBG annual target 
of <1000mm of precipitation 

per annum 

No 

Apply supplementary irrigation 
to maintain the plant’s health 

No 

Yes 

Yes 

Submit propagation request or 
transplant specimen into 

agreed position 

Submit propagation request for 
transfer of live genetic material 
to other scientific or reputable 

garden with more suitable 
climate 

Consider replacement of 
specimen with more climate-

suitable taxa 
 

Yes 
No supplementary water 
resources to be applied  

RBGM Plant Selection - Decision Frameworks



RBGM Trees Minimum Annual Rainfall 
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Landscape 
Transition



Landscape Transition -
Xerophytic shift?



Develop research relationships

Canopy Interception of Rainfall 
Study

Up to 60% of rainfall can 
be intercepted per month



Develop research relationships

•Plant Water Use 

•Hydrophobic Soils Study



40% of 
ETo

60% of 
ETo

50% of 
ETo

25% of 
ETo

Understand 
Plant Water 

Use

ETo =- reference evapotranspiration



• Highlight the value of living plant collections as an 
environmental outcome in its own right – climate change is 
world-wide!

• Rich palette of microclimate diversity for ex situ plant 
conservation across major and regional Botanic Gardens

• Importance of conserving Australian flora: (The National 
Strategy and Action Plan for the Role of Australia’s Botanic 
Gardens in Adapting to Climate Change)

Role of botanic gardens in promoting enviro-socio 
benefits of living landscapes



• Diverse vegetation in urban environments offer havens for 
indigenous fauna. 

• Living landscapes assist in the mitigation of temperature rise, 
particularly in urban centres

• Botanic gardens have a vital role to work with other 
organisations to maintain healthy vegetated space

• Carbon sequestration through increasing landscape biomass 
and improving soil organic matter content

Role of botanic gardens in promoting socio-enviro
benefits of living landscapes



Recommendations

1. Active responses to climate change in landscape planning

2. Capitalise on the opportunities provided by new developments 

3. Support professional development - climate/plant environment 

4. Develop  web-based plant information network 

5. Formalise a framework to exchange and duplicate priority taxa

6. Build partnerships with other scientific institutions and industry 

7. Foster global networks with other botanical gardens 

8. Measure local meteorological and hydrological data

9. Work towards developing microclimate maps



Questions?

RBGM Urban Climate and Water Management Research can be found at: 
http://www.rbg.vic.gov.au/research_and_conservation

peter.symes@rbg.vic.gov.au


