
Dr John Kovacs discusses the immense ecological importance of mangrove forests, 
emphasises the need for their effective long-term monitoring and mapping, and highlights 
novel techniques through which this can be accomplished in the context of the tropics

Could you begin by providing a brief insight 
into your research interests? 

My current focus is on the use of various space-
borne synthetic aperture radar (SAR) sensors 
for mapping mangrove forest condition and 
extracting biophysical parameters. This includes 
data collected from Canadian (Radarsat-2), 
Italian (COSMO SkyMed) and Japanese (ALOS-
2) satellites. I am particularly interested in the 
accuracy of these techniques when I shift from 
one mangrove species to another, as the physical 
appearance and location within the intertidal 
zone often differ considerably. Additionally, I 
assess optical sensors for mangrove monitoring 
with a particular interest in the use of imagery 
collected from unmanned aerial vehicles (UAV) 
and hyperspectral remote sensing. 

Why have attempts to continuously and 
effectively monitor mangroves using 
traditional field data collection techniques 
been limited?

You are dealing with an environment that is 
constantly changing with the tides and is not 

easily accessible, even by boat. These coastal 
wetlands are found on depositional areas 
that often consist of a very loose substrate, 
which makes it difficult to traverse by foot. 
In addition to the mud and tides, you are 
often also dealing with a maze of prop 
roots, the tropical heat and myriad biting 
insects. Furthermore, although there are 
of course many fascinating creatures that 
share this interface between the ocean and 
the land, some – particularly the snakes and 
crocodiles – can limit your ability to recruit 
student volunteers. 

In which regions do you conduct much of 
your research? 

I have spent nearly two decades working in 
the Teacapán-Agua Brava lagoon-estuarine 
system – one of the largest mangrove 
forests on the Pacific coast of the Americas. 
It is a fascinating forest to study because 
it has experienced considerable change as 
the result of an artificial channel that was 
constructed in the early 1970s that modified 
the hydrological regime of the system. Many 
mangrove forests show a pattern of zonation 
based on the ability of certain species to 
adapt to particular tidal regimes and salinity 
conditions. As a result of the new channel, 
a variety of forest stands in relatively close 
proximity, which has exhibited a very different 
response to the disturbance. This variety of 
targets is ideal for assessing whether certain 
remote sensors can be used to discriminate 
the condition of disturbed and/or degraded 
mangrove forests. 

Do mangrove forests receive enough 
recognition for the vital ecosystem 
services they provide?

Unfortunately, mangrove forests do not 
currently receive the same recognition as, for 
example, rainforests – but I believe it is only 

a matter of time. Recent work has shown 
mangroves to be among the most carbon-
rich forests of the tropics: they provide a 
variety of renewable forest products to local 
inhabitants; help stabilise substrate; act as 
a buffer against storm surges and flooding; 
act as a natural bio-filter; serve as a crucial 
habitat for a variety of terrestrial and aquatic 
organisms; and are essential for commercial 
fisheries’ success. Given the number of 
creatures found in these forests, they are also 
increasingly seen as tourist destinations for 
recreational activity, such as sport fishing, bird 
watching and snorkelling.   

What constitutes a healthy mangrove 
forest? How can mangroves be better 
managed to safeguard their future?

This is a tough question since mangroves are 
found in a very dynamic environment and 
thus it is difficult to identify whether the 
current condition of any obviously impacted 
mangrove forest has resulted primarily from 
natural or human causes. I believe the best 
way to assess the health of a mangrove 
forest is to examine its condition over time, 
ideally using a monitoring system based 
on the periodic use of Earth observing 
satellite data. If, by chance, a mangrove 
forest does exhibit high variability in regards 
to the condition of the stands, it is then 
possible to classify them according to their 
health condition. In most cases we use the 
amount of visible light absorbed by the 
canopy, which is used for photosynthesis, 
and the amount of near-infrared energy 
reflected back to space (typically higher for 
higher biomass and/or healthier leaves) to 
separate the various conditions of mangrove 
present. We have also managed to link 
certain leaf reflectance values to levels of 
leaf pigments (eg. chlorophyll-a) and even 
leaf nitrogen contents using ground-based 
hyperspectral instruments.

The mangrove mapper
Healthy white (Laguncularia racemosa) and red 

(Rhizophora mangle) fringe mangrove.
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Rainforests of the ocean: an aerial view
Until relatively recently, the importance of mangrove forests and their rapid decline received little attention. Now, 
a team of researchers at Nipissing University is working to improve understanding of these vital forest wetlands

‘COASTAL BIO-SHIELDS’, ‘ocean 
rainforests’ and ‘kidneys of the ocean’ – 
these are just some of the names by which 
mangroves are increasingly known. These 
wetland forests are among the world’s 
most valuable, biologically productive 
environments, providing resources and vital 
ecosystem services such as storm protection 
and coastal land stabilisation; supporting 
local human, aquatic and terrestrial activities; 
and carbon storage.

However, although recognition of the vital 
role of mangroves is on the rise, the forests 
themselves are in decline, with average 
annual rates of loss that surpass those of 
terrestrial tropical rainforests. The Food 
and Agriculture Organization of the United 
Nations (FAO) estimates that 20 per cent 
of mangrove area was lost between 1980 
and 2005, and some researchers predict that 
within a century mangroves may no longer 
be functionally available.

A CLEARER PICTURE

In order to best protect these mangroves 
and prevent current trends from continuing, 
a thorough understanding of how these 
forests are being impacted by change, 
both environmental and anthropogenic, is 
required. Effective monitoring, however, 
is challenging; a lack of historical records, 
logistical difficulties associated with wetland 
environments and financial constraints 
often conspire to limit the monitoring of 
mangroves through the traditional means of 
on-the-ground data collection.

It is for this reason that Dr John Kovacs, 
Professor of Geography at Nipissing 
University, Canada, has dedicated much 
of his career to researching alternative 
methods for the effective assessment and 
monitoring of mangrove forests. The hope is 
that the establishment of a varied collection 
of monitoring methods will enable resource 
managers to use diverse datasets to gain a 
fuller knowledge of the extent and condition 
of these vital wetland forests.

WATCHING FROM AFAR

Remote sensing – the collection of data 
without contact to the site under investigation 
– holds significant promise in this area. 
Kovacs’ interest in these techniques was 
piqued when, back in the early 1990s, he 
first began investigating the spatial extent 
of change within forested wetlands. Due to 
the high costs associated with the collection 
of aerial photographs, available data were 
often old, inconsistent and lacking in-depth 
information. “Given these limitations, I began 
looking at space-borne data as a cheaper 
alternative for periodically mapping the extent 
of these forests and retrieving key biophysical 
parameters such as tree height and biomass,” 
Kovacs elaborates.

Satellites can be used for this purpose; 
however, their usefulness can be restricted 
by the fact that many mangrove forests are 
covered with quasi-permanent cloud cover. 
For this reason, Kovacs turned his attention to 
finding a monitoring solution that would have 
the ability to image both at night and through 

cloud cover – and found it in the use of space-
borne synthetic aperture radar (SAR) sensors. 
“Traditional passive sensors depend on the 
Sun’s energy reflecting back from the Earth’s 
surface, whereas SAR is an active sensor that 
sends energy to the surface and then records 
what returns to space,” Kovacs outlines. “As 
such, SAR systems can provide important clues 
to the geometric properties of such targets; 
and for mangroves, I have been examining 
their use in extracting forest parameters.”

Another monitoring method that may be of 
use, particularly in quasi-permanent cloud 
covered forests, is the use of unmanned aerial 
vehicles (UAVs). These vehicles are capable of 
flying beneath clouds to obtain high spatial 
resolution imagery, and can be used either in 
conjunction with space-borne remote sensing 
or at specific times in which novel data is 
urgently required – such as in the aftermath 
of an oil spill. At present, Kovacs and his 
colleagues are assessing the feasibility of using 
two different UAVs for mangrove mapping 
at the species level and the estimation of 
biophysical and biochemical parameters. 

PAST, PRESENT AND FUTURE

Of course, data relating purely to the present 
day are by no means sufficient for obtaining 
a full understanding of mangrove forest 
conditions. “To effectively monitor the 
condition of a mangrove forest, it is essential 
that a large historical dataset be created,” 
Kovacs explains. “Only with such records can 
one be confident in identifying the root causes, 
whether natural or human, for observed 

DR JOHN KOVACS

 30 INTERNATIONAL INNOVATION



Dead white fringe mangrove of the Mexican Pacifi c.

losses of mangrove forest or declining canopy 
health.” Unfortunately, satellite data only 
goes back so far; beyond that, mangrove 
ecologists have until now had to rely on either 
historical records or local knowledge to gain 
an insight into a forest’s past. 

Dendrochronology (tree-ring dating) has 
been a common practice in forest science 
since the early 20th Century. However, its 
usefulness has been generally restricted to 
forests in temperate regions, as most tropical 
trees do not form growth rings. In spite of 
this, a recent surge of research interest in 
this area has revealed that certain mangrove 
species do appear to develop growth rings 
capable of revealing distinct rainy and dry 
seasons. This burgeoning area of discovery, 
especially when combined with the 
development of stable isotopic techniques 
for tropical mangrove forest dating, could 
pave the way for a more thorough knowledge 
of how mangroves have responded to 
environmental and anthropogenic stimuli 
over time – and thus provide insights into the 
most suitable management and protection 
strategies to ensure their future prosperity. 

With this in mind, Kovacs and his 
collaborator Dr Adam Csank, an assistant 
professor at Nipissing University, are 
investigating annual growth ring formation 
in white mangrove trees (Laguncularia 
racemosa), and aim to establish the extent 
to which a dendrochronological approach 
could be useful for the reconstruction of 

the environmental histories of both white 
and red mangroves (Rhizophora mangle) in 
the Mexican Teacapán-Agua Brava lagoon-
estuarine system. This insight will be 
particularly useful, as it could determine 
whether degradation has resulted from an 
increase in seasonal salinity fl uctuations 
caused by the construction of a nearby canal.

AN INSIDE INSIGHT

To Kovacs, it is important to recognise that 
mangrove forests do not exist in a vacuum: 
“Social and ecological data often drives the 
direction of my research,” he states. In many 
regions, local populations extract resources 
from mangrove forests via harvesting. With 
this in mind, Kovacs is working to develop a 
spatial database capable of both identifying 
and predicting areas of forests likely to be 
harvested. This will work by combining data 
from satellites and interviews with locals, 
and will account for factors including species 
composition, stem size and distance from 
human settlements, ultimately for the use of 
informing resource management strategies.

These are not Kovacs’ only plans for the 
future: “I am also interested in extending my 
study sites to Southeast Asia and Australia,” 
he reveals. “For example, I am planning 
a collaborative project with a mangrove 
expert, Dr Norman Duke, examining the 
impacts of climate change (eg. sea rise) 
on mangroves of the north eastern coast 
of Australia.”

ALTERNATIVE METHODS FOR ASSESSING 
AND MONITORING MANGROVE FORESTS

OBJECTIVES 

•  To assess whether new space-borne sensors, 
including Canada’s Radatsat-2, can be used 
to extract vital biophysical parameter data 
(eg. tree height, tree density, biomass) from 
these stands

•  To model relationships between changing 
hydrological data for two of the world’s 
largest rivers and their mangrove forests using 
historical in situ and satellite data

KEY COLLABORATORS

Dr Francisco Flores-Verdugo, Researcher, 
Universidad Nacional Autonoma de Mexico, 
Sinaloa, Mexico • Dr Norman Duke, Professorial 
Research Fellow, Mangrove Research Hub, 
James Cook University, Queensland, Australia 
• Dr Chunhua Zhang, Assistant Professor, 
Algoma University, Ontario, Canada • Dr Jiali 
Shang; Dr Heather McNairn; Dr Baoluo Ma, 
Research Scientists, Agriculture and Agri-Food 
Canada, Ontario, Canada • Dr XiXi Lu, Professor, 
National University of Singapore

FUNDING

Natural Sciences and Engineering Research 
Council of Canada (NSERC)

Canadian Space Agency & Agenzia Spaziale 
Italiana, COSMO-SkyMed/Radarsat-2 Initiative

Japan Aerospace Exploration Agency (JAXA), 4th 
ALOS Research Announcement

Northern Ontario Heritage Fund Corporation
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JOHN KOVACS is Professor of Geography in the 
Faculty of Arts & Science at Nipissing University. 
He is highly experienced in environmental 
monitoring, environmental mapping, remote 
sensing and biogeography. Kovacs’ current 
and future research includes: mapping and 
monitoring mangrove forest health using optical 
and synthetic aperture radar earth observing 
satellites; as well as hyperspectral remote 
sensing of degraded mangrove forests, and 
applications of earth observing satellites for 
improving agricultural productivity in Northern 
Ontario. Most recently, Kovacs has been 
collaborating on a project in Australia on long-
term coastal change monitoring and in Mexico 
with the potential use of annual growth rings for 
detecting anthropogenic impacts.

NSERC summer student Duncan Hill processing satellite 
data of a degraded mangrove forest. In situ data collection sites overlaid on satellite imagery.
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