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The global COVID-19 pandemic has focused all of our minds on 
the susceptibility of our physical and mental health, economic 
systems and cultural norms to disruption from global disasters. 
However, albeit the most disruptive so far, the COVID-19 
pandemic is only the latest in a series of global, regional and local 
disasters over the past decade, including increasing incidences of 
drought, �re, �oods, hurricanes and more localized pest and 
disease outbreaks. Many of these disasters are linked to man-made 
climate change and, recalling the Stern Review of the Economics of 
Climate Change published in 2007, it is frightening how quickly 
that report�s predictions have come to pass. In this Technical 
Review, given the dif�culty in attributing the speci�c causes of 
disasters, we don�t try to differentiate between disasters that are 
�man-made� and �natural�. However, because of the dominant 
in�uence of humans on the ecosystems of this planet, our 
assumption is that people play a part in most of the disasters that 
befall us. This means that, in theory at least, mitigating measures 
are possible. However, tackling the causes of climate change, for 
example, is a long-term undertaking and in the short to medium 
term our only viable options are to adapt. The primary purpose of 
this Review is to explore how we can best do this, based on our 
exposure to, and management of, disasters up until now. 

Botanic gardens are particularly vulnerable to climate-related 
disasters, as these affect both people and plants. On the other 
hand, we are less vulnerable to pandemics like COVID-19 than 
indoor venues because we can safely accommodate larger 
volumes of visitors. So, while we can undoubtedly learn from other 
sectors, we also encounter challenges that are unique to our 
community. For this reason, this Review focuses on what we can 
learn from each other in the botanic garden/arboretum sector.  
The Review looks �rst at the nature, frequency and impacts of 
man-made natural disasters in botanic gardens over recent years, 
then at how such disasters are managed, including sources of 
assistance, management actions and adaptation to more resilient 
infrastructures and practices in the longer term. These 
management responses are primarily illustrated by case studies 
from around the world. In total, this Review incorporates data from 
91 institutions in 44 countries, including 24 case studies. Finally, 
the Review lists sources of information and ways in which 
gardens can seek assistance should they be unfortunate enough 
to be affected by any of the disasters covered in this Review. 

1. Introduction

Fire at sunset, view from Blue Mountains Botanic Garden Mount Tomah, New South Wales. (Greg Bourke)
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This Review has been compiled using the �ndings of an online 
survey of botanic gardens, arboreta and other institutions 
conducted in early 2021, which we subsequently refer to using 
the general term �botanic gardens�. The survey questions were 
designed to enable analysis of information provided on a wide 
range of aspects relating to the susceptibility of botanical 
institutions to disasters and their responses to these. Speci�cally, 
this included the types of disasters and their impact, frequency 
and duration, nature of support required and received, institutional 
policies and plans to manage disasters, capacity building needs, 
and forward planning. Pest and disease outbreaks, including alien 
invasive species, were excluded from this Review as they are 
extensively covered in numerous other analyses. Nevertheless, 
respondents had the option to highlight these when applicable. 
When considering the data summarized in this Review, the 
following should be noted: 
 

�   For some institutions, double or multiple entries were found 
which were subsequently combined into a single, institutional 
record; 

�   Not all institutions completed all questions, resulting in varying 
n-values per question; 

�   For some questions, multiple answers could be selected; 
�   A few institutions did not answer the survey but provided case 

studies. 
 
In total, this Review incorporates data from 91 institutions in 44 
countries, including 24 case studies from 21 countries (Annex 1). 

2. Methods

Cruz Coberta stream in spate in the Jardim Botânico AraribÆ, Brazil, following torrential rains. (Guaraci M. Diniz Jr.) 
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3. Botanic gardens and natural and man-made disasters 

Burnt palmiet (Prionium serratum, Juncaceae), in the Dawidskraal River, Harold Porter National Botanical Garden, South Africa, 15 January 
2019. Palmiet, endemic to South Africa, plays an important ecological role in protecting riverbeds from erosion. (Christopher Willis)  

FIGURE 1: DISASTERS: OCCURRENCE, DEATHS, POPULATION 
AFFECTED AND DAMAGE IN 2019. FROM BELLO ET AL. 2021 
BASED ON DATA BY THE CENTRE FOR RESEARCH ON THE 
EPIDEMIOLOGY OF DISASTERS (CRED), EM-DAT 
INTERNATIONAL DISASTER DATABASE.

3.1 Nature and magnitude of disasters a�ecting 
botanic gardens 
 
Natural and man-made disasters strike communities around the 
world each year, and there is a growing realisation and evidence that 
their frequency and impact are becoming more prevalent (Munich RE 
2021; World Economic Forum 2020; IPCC 2019 and 2021) 
worldwide. In addition to the COVID-19 pandemic, other recent 
events that have had widespread media coverage are the wild �res 
in Australia in 2019, heavy snow in parts of southern Europe in 
2020, soaring temperatures in North America and Canada in 2021 
and torrential rains and inundations in central and eastern Europe in 
2021. Collectively, these disasters have caused enormous 
devastation and loss of life. According to the International Disaster 
Database of the Centre for Research on the Epidemiology of 
Disasters (EM-DAT CRED), in 2019 alone, a total of 389 disasters 
caused by natural phenomena around the world left nearly 24,000 
people dead, another 94 million affected with damages estimated at 
some USD 122 billion. At the global level epidemics were the cause 
of the greatest number of deaths (51% of the total), followed by 
�oods (21% of the total). Extreme events such as storms, �oods and 
droughts affected over 90 million people throughout the world (97% 
of the total affected population). The most damage (USD 58 billion) 
was caused by storms, followed by �oods (USD 36 billion) and 
forest �res (USD 26 billion), with these three causes accounting for 
98% of all damage caused by disasters during that period (CRED 
2020 in Bello et al. 2021) (Figure 1).
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Volunteers helped us to maintain or restore the garden grounds 
and plant collections during and after the quarantine period. 
Support also included special open donation programmes for 
the purchase of garden tools, soil, fertilizers and other care and 
protection products for plants, planting material, etc. Special 
events, including �ower exhibitions, master classes, concerts, 
etc., jointly organised with the local community helped to 
quickly attract additional funds to the Garden immediately after 
the end of the quarantine. All this was made possible thanks to 
the Garden�s outreach strategy, which helped to maintain close 
contact and communication with the local community during 
the quarantine period. This included online engagement 
through social networks, regional media, etc. with special 
attention given to culturally emotive contents. We use the 
practice of creative project alliances to create content with the 
illusion of real presence and emotional involvement rather than 
mere virtual tours and photos of plants and displays. We 
worked to create virtual content about our botanic garden 
together with musicians, artists, actors, and �lmmakers from 
the local community. Worth mentioning also is that the Garden 
provided free medicines and food derivatives of plants that we 
grow to the local community. This is only one but an important 
part of an institutional strategy for managing a botanic garden 
during or following a disaster event. 
 
As a result, we managed to fully preserve and maintain the 
Garden�s landscape and the plant collections. Nevertheless, 
efforts are under way to re�ne the Garden�s disaster 
management strategy. We �nd it very important to share best-
practice disaster management strategies for botanic gardens, 
and endeavour to make our experiences available to other 
gardens in Russia to enhance management capacity in the 
event of future disasters.

Reminiscing the founding of the Botanical Garden of Tver State University as a means of public engagement during the COVID-19 
pandemic. (Botanical Garden of Tver State University)

 
CASE STUDY:                             Coping strategies during the COVID-19 

pandemic at the Botanical Garden of Tver 
State University, Russian Federation 

                               Yurii Naumtsev 
 
Founded in 1875, the Botanical Garden of Tver State 
University, is located in the temperate region of Central Russia. 
Owing to the coronavirus pandemic, the Garden closed to the 
public for �ve months in 2020. The closure meant a decrease in 
revenue from visitors. The led to a �nancial crisis, since the 
income from the sale of entrance tickets represents the main 
income resource for maintaining the landscape and the 
collections, as well as for paying the salaries of the employees. 
It is worth noting that the Garden was closed between March 
and July, a period when it is most visited. During that period, no 
more than two employees per day could work in the Garden at 
the same time. For a garden of 2.5 hectares and collections 
representing about 4,000 species, this has a critical impact. 
 
As with many other institutions, the Garden has faced a 
pandemic and quarantine for the �rst time. Nevertheless, the 
Botanical Garden of Tver State University has a management 
strategy to mitigate and eliminate the effects of natural and man-
made disasters. Key elements of this strategy include competent 
social marketing and work with the local community, and mutual 
support programmes with other botanic gardens. The Garden 
received modest �nancial support from the Special Fund of the 
Landscape Arboretum of the University of Minnesota (USA) and 
both institutions have signed a Memorandum of cooperation and 
support. However, the maintenance of the Garden and its plant 
collections was primarily made possible thanks to the support by 
the local community. 
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DROUGHT AND FIRE 
 
Increasingly intense and regular droughts present a hazard of similar 
order of magnitude to the COVID pandemic, with over half of the 
respondents highlighting droughts as major harmful events. 
Increasingly, drought is having an effect on the global community as 
a whole, with over 70 countries worldwide affected (UNCCD n.d. 
and Box 1). This is illustrated by the large number of botanic gardens 
in Africa, Asia, Australia, the Americas and Europe whose collections 
and facilities have been exposed to the impacts of drought (Figure 
2). As regular drought facilitates the generation and spread of wild 
�res, combined these events account for the most signi�cant 
disasters that botanic gardens are grappling with, representing over 
67% of disasters identi�ed in this survey. This statement is 
illustrative: ��Droughts and �res are becoming more frequent and 
intense each year. There was a severe �re in the wilderness area of 
the botanic garden in 2003, and for the last ten years, it has been 
raining less and less. Precipitation recorded by the garden�s weather 
station shows that rain has decreased by 40-50% in recent years��. 
Although dryland �oras are highly adapted to drought, and �re and 
smoke are well-known to trigger germination and growth in certain 
groups of plants (e.g. Ramos et al. 2019; Soós et al. 2019; Van 
Staden et al. 2000), the harmful effects of increasing intensity of 
high temperatures, droughts and �res even on these highly adapted 
species, speaks for itself. ��Some of the plants will recover, seed of 
some will be stimulated to germinate and grow once it rains to 
sustain them � but in some cases because of the intensity of the 
heat there may be little recovery. For those animals that survived the 
�res a lack of vegetation and �ora is concerning as that provides 
food resources and a habitat�� (RBGSYD n.d.). 
 
However, as resilient organisations, botanic gardens are also making 
a virtue out of necessity and are steadily adapting to the risks posed 
by drought and �re. For example, the Red Butte Garden, Salt Lake 
City, is developing research programmes to study vegetation 
comeback following �re.  By the same token, the Australian Institute 
of Botanical Science which unites all of the scienti�c facilities, 
programmes and living collections across all botanic gardens in 

Sydney, is closely monitoring and evaluating recovery of affected 
plant populations. Working closely with the government and other 
institutions, efforts include: assessing existing knowledge; 
conducting �eld research and surveys both within and outside of the 
burnt areas; establishing long-term monitoring projects; 
documenting biodiversity and how it is affected by �re; collecting 
seed, and; using seed stored in the seedbank to aid research, 
propagation and recovery in the wild. The herbarium collection and 
associated data play a critical role in this work by providing baseline 
data for most species whilst being the repository of new collections 
and data made through this research (RBGSYD n.d.).

CASE STUDY:       Facing the pandemic at the Jardín BotÆnico 
La Paz, Bolivia 
Esther Valenzuela Celis 

 
The Jardín BotÆnico La Paz  is part of the Universidad Mayor de 
San AndrØs in La Paz, Bolivia. Inaugurated in 1991, the Garden 
is situated at 3,400 m above sea level and extends over �ve 
hectares. The climate is varied, with average temperatures 
ranging from 10 to 20 ° C, and scarce and irregular rainfall. 
Located in an urban area, the Garden exhibits geomorphological 
features typical of the La Paz valley, which makes it one of the 
few urban spaces that still conserves important elements of the 
biodiversity of the region�s dry valleys. It has never faced any 
major disasters until the pandemic hit in March 2020. Due to the 
public health emergency, the Garden suspended its activities, 
and only a few staff continued to have access to the Garden to 
maintain the living collections. Research and educational 
programmes at the Garden were discontinued. This had an 

impact on teachers and students at the university as the Garden 
is used as an outdoor classroom and laboratory. Guided school 
and public tours were cancelled since the beginning of the 
pandemic, and funding for maintenance work at the Garden has 
been delayed for over a year. As Bolivia continues to be affected 
by the pandemic, the Garden is facing staff and institutional 
restructuring. A new organisational strategy to better adapt to 
the new situation caused by the pandemic is in development.

A deserted venue � Jardín BotÆnico La Paz during the COVID-
19 pandemic. (Esther Valenzuela Celis)

BOX 1: UNITED NATIONS 
CONVENTION TO COMBAT 
DESERTIFICATION (UNCCD) 
 
Established in 1994, the United Nations Convention to 
Combat Deserti�cation (UNCCD) is the legally binding 
international agreement linking environment and 
development to sustainable land management. The 
Convention speci�cally addresses the arid, semi-arid and dry 
sub-humid regions, known as the drylands. The >195 
parties to the UNCCD work together to improve the living 
conditions for people in drylands, to maintain and restore 
land and soil productivity, and to mitigate the effects of 
drought. The UNCCD�s Intergovernmental Working Group 
on Drought is developing policy measures and actions to 
help the people most vulnerable to drought to take early 
action to avoid loss of life, and the heavy and growing losses 
of livelihoods and damage to property and ecosystems 
following droughts. Botanic gardens have a role in bringing 
to bear their technical knowledge and practical knowhow as 
regards preparing for, responding to, recovering from and 
adapting to drought and the effects of wild�res to enhance 
the implementation of the objectives of the UNCCD. 



CASE STUDY:       Bush�re impacts at the Blue  
Mountains Botanic Garden Mount  
Tomah, NSW, Australia  
John Siemon 

 
The Blue Mountains Botanic Garden Mount Tomah (BMBG) is 
one of three botanic gardens that make up the Royal Botanic 
Gardens & Domain Trust, New South Wales, Australia. Sitting 
atop a rich basalt capped mountain at 1,000 m above sea level, 
the Garden is located within the Greater Blue Mountains World 
Heritage Wilderness Area. The Garden is Australia�s highest 
elevation botanic garden and is located approximately two hours 
drive west of Sydney city. The stunning wilderness surrounding 
the site provides geographic isolation and the Garden�s altitude, 
basalt soil and cool climate make it one of the few locations in 
Australia well suited for the collection and conservation of cool-
climate, high altitude plant species. The living collection displays 
more than 5,000 taxa including collections of North American 
and Eurasian Woodland species. The Garden is host to the �rst 
ex situ planting of the famous relict Wollemi Pine (Wollemia 
nobilis) and played a key role in the identi�cation and 
conservation of the species which was discovered in the wild 
and rugged Wollemi National Park to the north. The Garden is 
surrounded by Blue Mountains Basalt Forest, an Endangered 
Ecological Community, which is dominated by stands of 
Eucalyptus fastigata (over 30 m in mature stands) with a dense 
shrub or small tree layer, often including tree ferns (Cyathea spp.) 
and moist herbaceous ground cover. 
 
The biggest threat to the Blue Mountains Botanic Garden living 
collection is �re. On 26 October 2019, the Gospers Mountain 
mega�re started from a single ignition point, a lightning strike. 
Over the coming 79 days it destroyed more than 350,000 
hectares, an area seven times the size of Singapore. By the 19 
December 2019, the Black Summer �res reached BMBG where 
it burnt over 90% of the Garden�s 250 ha of natural vegetation 
and more than 500 of the Garden�s prized specimens from the 

living collection. While the impact on people caused by this 
event will be long lasting, the vast majority of the 28 ha living 
collection and core assets were not extensively damaged. 
 
Following the impact of the 2019 �res, the Garden has 
commenced a review of operations with a particular emphasis 
on water delivery systems and �re abatement infrastructure 
and planning for natural disaster recovery. We are also 
revisiting the surviving specimens to con�rm their rarity and 
ensure priority genetics can be shared with other institutions 
with seeds to be collected and stored in our Australian 
PlantBank. Fortunately, gardens are dynamic and the loss of 
core collections has provided a chance to review our 
conservation objectives and refocus our efforts to replant 
collections aligned to our core mission, design more resilient 
landscapes and improve data collection and �re-resistant 
specimen tagging systems. Looking forward, we aim to replace 
lost specimens through acquisitions of provenance-based 
collections from local and international institutions. 
 
Fire is an unavoidable aspect of the Australian landscape. If 
appropriately designed and resourced, our infrastructure, staff, 
landscape and living collection management practices and 
systems can assist to mitigate, but not remove, the risks to  
our core collections and improve the garden�s resilience to 
natural disasters.

Bush�re at Blue Mountains Botanic Garden Mount Tomah, New 
South Wales. (Jaime Plaza van Roon)

Fire at Mount Tomah, view from Blue Mountains  
Botanic Garden Mount Tomah, New South Wales.  
(Greg Bourke)














































































