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Abstract

One of the most important markers of ecological resilience and health is biodiversity. Efficient environmental
management techniques can be supported by precise biodiversity measurement and forecasting. Compared to forests or
other relatively stable ecosystems, open ecosystems are more vulnerable to sudden events, long-term trends, and outside
influences, which can lead to significantly changing vegetation conditions. In these kinds of ecosystems, it isn't easy to
anticipate the vegetation status with any degree of accuracy. Lately, there has been a lot of interest in using deep
neural networks, which are part of the deep learning relatives of machine learning techniques, to find patterns in big
and diverse datasets. This article discusses the history of deep learning techniques, the deep learning methods that are
most relevant to ecosystem environmentalists, and some of the problem domains to which they have been applied. It
makes use of the vast amounts of data that are now accessible to deliver excellent forecast accuracy in a variety of
ecological contexts. Ecosystem ecologists can also learn more about ecosystem dynamics with deep learning techniques.
These findings highlight the accuracy of DNN's biodiversity estimation and suggest that integrating features with DL
algorithms can improve our understanding of the relationships between biodiversity and environmental drivers,
providing crucial data for decisions about conservation and management that support sustainable development.
Keywords: ecological scenarios; deep learning; machine learning techniques; biodiversity; Al techniques.

1. INTRODUCTION

Evolutionary biology and ecology study intricate relationships and mechanisms. To define and clarify
basic ideas of biological evolution and environmental relations, including selective breeding, heredity,
adaptation, population movement, and food chains, a mathematical toolset has been required. To just a
few examples, we can now sequence and assemble genes, identify traits that are being selected for, simulate
the dynamics of loss and change, and evaluate animal populations thanks to mechanistic modeling of
ever-increasing complexity. Modern biologists are constantly surrounded by data, including digital
information about samples, animals, and species in addition to genetic sequences. The creation of
analytical tools that can offer fresh insights, increased effectiveness, and userfriendliness is being
propelled by this abundance of information.

Tools related to artificial intelligence (Al), machine learning (ML), and deep learning (DL) have been used
in the sciences at an accelerating rate over the last ten years, despite their inception in the 1940s.
According to the 2020 Google Scholar Metrics report, papers in the field of Al account for three of the
top five in Nature and are the most cited across all subject categories. This pattern illustrates how quickly
Al techniques and technologies are developing and becoming more significant in a variety of domains,
such as computer vision, automation, natural language processing, sound categorization, and
entertainment [1]. The use of Al, ML, and DL techniques has increased due to a number of factors,
including large data sets, expanding computational capacity (including cloud-based services, GPU-
optimized code, specialized processor units, and edge computing), easily accessible open-source
frameworks for their implementation, and developments in the algorithms oneself. Additionally, it has
been propelled by significant investment from both the public and corporate sectors, in part because of
evaluations of the potential presented by Al. Concern regarding Al's ethical and privacy issues has grown
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in tandem with these developments. As with many new technologies, advancements in software,
hardware, and science have been exaggerated, which, despite the fact that they might give academics
revolutionary prospects (such as powerful tools to interact with new data sources like photos, audio, and
communication), has caused considerable cynicism about what they offer. As we shall see, DL techniques
have a lot of promise to improve ecosystem ecology, even though they are by no means the pinnacle of
analysis techniques.

Garderners
Streams o Pathways
Learning e
Ecosyste
m
Foundations Hothouses

Figure 1 A model of a learning environment
Students can choose what they study and how they learn it thanks to a learning ecosystem. Since it is
learner-centered in Figure 1, the student must develop greater self-direction. An individual who learns
on their own can:
e  Evaluate one and determine your learning needs.
locate people and resources to help them practice
and test new behaviors and abilities,
get performance feedback,
express and think back on what they gained,

e And assess and gauge their progress.

Innovation has emerged as the primary engine for advancing social and economic advancement in the
current globalized and knowledge-based economy. In order to improve innovation efficiency, encourage
industrial upgrading, and boost national competitiveness, the open innovation ecosystem—an innovation
model—emphasizes collaboration, knowledge sharing, and resource integration among inventiveness
subjects [3]. The innovation model is always changing in tandem with the world economy's ongoing
growth and the swift advancement of science and technology. The shortcomings of the conventional
closed innovation paradigm, including its high cost of invention, high risk, and inefficient use of
resources, have been steadily revealed. The open innovation ecosystem dismantles the conventional
barriers of innovation and intimately connects various innovation themes to establish an interconnected
and mutually supportive invention ecological chain, including businesses, academic institutions, scientific
research associations, legislatures, and financial companies. This ecological network considerably
increases the efficiency and success rate of innovation by enabling each innovation topic to achieve the
most effective use and flow of innovative assets, including information, equipment, gifts, and funding,
through open communication.
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Simultaneously, the swift advancement of information technology offers robust technological assistance
for the establishment and growth of an open innovation ecosystem. The widespread use of cutting-edge
technologies like big data, artificial intelligence, and cloud computing facilitates and expedites knowledge
sharing and information exchange among creative thinking subjects while offering strong instruments for
handling and operation of the open innovation ecosystem. Research on the innovation ecosystem
encompasses the relationship and interaction between the surroundings and all innovation issues. There
is a vast amount of data pertaining to the research object, and the open innovation ecosystem
encompasses both internal and external openness. Conventional machine learning models are limited
in scope and can only process tiny amounts of data, including logistic regression, decision trees, and naive
Bayes. On the other hand, huge models of generative computational intelligence can handle enormous
volumes of data and have millions of parameters.

Paper Structure

The investigation offers deep learning algorithms for artificial intelligence in an open ecosystem. The
"Introduction” section contains the scientific contributions and motivations. In the "Background"
section we describe the main research subjects and review the research background. In the "Literature
Review" section, we look at related literature. In the "Experiments and Setup" section, we give a quick
overview of the research methodology. In the "Results and Discussion" section, we analyze the results and
discuss the reasons for them. Lastly, the "Conclusion" section offers a synopsis of the whole material.

2. RELATED WORKS

Natural processes can control atmospheric CO2 concentrations, and different ecosystems such as forests,
wetlands, seas, and grasses are essential for absorbing and maintaining the carbon dioxide equilibrium
[4]. The difference between the amount of organic carbon that plants in an ecosystem consume and
release is measured by the net ecosystem turnover. The ecosystem is acting as a carbon sink if the NEE is
negative. This metric is crucial for evaluating an ecosystem's carbon cycle and identifying whether it is a
source or a sink of carbon. Additionally, the NEE is a crucial metric for analyzing how weather
fluctuations affect the ecosystem's carbon balance. Tracking the ecology's carbon cycle and enhancing
resistance to local climate change depend on an accurate and efficient evaluation of the net ecosystems
conversion rate of CO2, sometimes referred to as the carbon trade velocity.

Although the growing volume of data provides previously unheard-of insights, it also complicates the
application of environmental and adaptive inference [5]. Researchers must develop each new model
because complicated models are often more capable to explain complicated phenomena. Furthermore,
mechanistic methods that take into account a lot of variables might be too computationally costly to use
on data produced by contemporary research. Machine learning is a promising substitute. Finding a model
that does well at generating prediction from the data is the aim of machine learning. Frequently utilized
computational functions such as automatic translated languages and speech and image recognition have
greatly improved thanks to deep gaining knowledge, and it is at the heart of new technologies like self-
driving automobiles.

First, computers may learn on their own by automatically finding similarities and trends in unlabeled
data. Since no particular result is anticipated, this approach is frequently used as a research instrument
to find features in information, decrease its size, or organize related data into clusters. Second, supervised
training is another way to learn. To train the computers to link the labels to the instances, a labelled
dataset containing the target elements is first provided. Other databases can then recognize and identify
these objects [6]. However, conventional machine learning requires more than just labels. The user must
also instruct the software on what to look for. For instance, specific traits of the animals, like their
dimensions, form, hue, and arranging, must be clearly stated in terms of pixel groups for the computer
to recognize giraffes in images.

In this case, the agri-food sector is also essential. The average amount of seafood consumed per person
has more than doubled over the past few decades, rising from 9.9 kg in the 1960s to 20.2 kg on average
[7]. About half of the fish consumed worldwide comes from the finfish, shellfish, and algae farming
industries, which are among the fastest-growing food sectors in the world. This increase can be attributed
to both the nutritional value of fish and technical advancements that make seafood items more accessible.
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Geographic output, however, does not correspond with geographic demand. Actually, two of the top
countries for seafood consumption are the United States and Europe, while aquaculture is primarily
centered in Asia. This pattern suggests a significant possibility for aquaculture growth, which must be
realized while protecting marine resources.

The term "territorial property suitability evaluation" describes how well-suited national space is for various
development and use goals, including urban growth and building, agricultural cultivation, and ecological
preservation. Its fundamental idea came from the assessment of land appropriateness. The United
Nations Food and Agriculture Organization (FAO) developed the "Outline of Soil Assessment" in 1976,
suggesting that land be categorized according to suitability for the purposes of land use planning [8].
Building on this framework, nations all over the world eventually suggested study frameworks designed
to maximize regional services in light of their unique circumstances. Studying land (use) patterns, such as
how farming operations are arranged spatially, identifying urban growth and suitable development
constraints, and analyzing conflicts and the logic of agrarian movements and urban growth, constitute
one category that has its roots in land science.

The idea of utilizing computers to mimic human learning processes was originally put forth in the early
1950s in the domains of computer disciplines and cybernetics, which is where machine learning got its
start. The 1950s and 1960s saw the development of the first neural network prototype [9]. Machine
learning has gone through numerous stages, including rule-based systems in the 1960s and 1970s,
connections and reverse propagated in the 1980s, a boom in adoption in the 1990s, and a deep learning
resurrection in the 2010s. Significant progress, diversity, and wider real-world applications were hallmarks
of each phase. From a few international conferences to the emergence of both domestic and global
conditions, the ML discipline has garnered significant attention and investment. Its growing importance
and broad attention in the academic community are highlighted by this change.

One of the most important objectives in the field of ecologically sound development is currently
acknowledged to be the harmonic alignment of stable ecological structures and functions with effective
urban production and residential patterns [10]. This goal emphasizes how important it is to strike a
balance between ecological integrity and urbanization's socioeconomic demands. As a result, there is a
growing emphasis on developing an ecological security pattern (ESP) that aims to protect ecosystem
health, the stability and sustainability of ecosystem constructions, and the authenticity of ecological
services. In order to properly address the issue of global ecological security, a new theory and methodology
for creating an ESP are presented. It is supported by strict scientific concepts and promotes an evidence-
based, strategic approach to ecological issues worldwide. This approach takes into account geospatial
location, connection intensity, and ecological landscape aspects.

3. METHODS AND MATERIALS

3.1 Definition of an Open Ecosystem Plat-formable

Clients (such as multilateral organizations, governments and regulators, associations, industry companies,
small and medium enterprises, researchers, charity organizations, community groups, and individuals)
can co-create, collaborate, complement, coordinate, and/or compete with one another by utilizing
common components and shared infrastructure (such as APIs, open standards, open data designs, and
open source tools). This is known as an open digital ecosystem.

Concerned about India's ongoing designation of savannas, grasslands, and deserts as "wastelands," experts
and environmentalists have urged policymakers to acknowledge the ecological and sociocultural value of
these open ecosystems in order to preserve and manage them sustainably.

o Grasslands, arid landscapes scrublands, savanna and open woodlands are examples of open
ecosystems. These are areas with minimal tree cover that are significant both ecologically and
culturally.

o0 Because to seasonal rainfall patterns or arid circumstances, many areas have limited vegetation.

o Unlike damaged forests, they are distinct biomes with distinct biological roles.

3.2 Deep Learning Boundaries and Biodiversity Regulations
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Species are difficult to categorize. To enable the automatic evaluation of ecological diversity in submerged
videos, their abundance and distribution must be taken into consideration according to a few universal
rules.

Since the early work of [11], there has been a lot of evidence from ecosystems around the world indicating
that the arrangement of species abundance is significantly skewed in almost every community where
species have been counted. This means that many species are present in very low numbers, while a few
species are quite numerous. This first essential rule of ecology suggests highly imbalanced training datasets
for deep learning applications, yet balanced datasets are essential for reliable and accurate simulations.
For specious neighborhoods, like coral reef seafood, this issue—henceforth called the "long-tail dataset
issue"—occurs when multiple species, of which only a few dozen are abundant, can co-occur at a single site
and at a single moment in footage or another page selection station. A second widespread rule of ecology
was developed based on the early work, which was closely related to the first. According to this theory, a
species' abundance peaks close to the center of its geographic range or ecological niche before declining
as it approaches its borders. As a result, species are typically rare in the vicinity of their range boundaries.
3.3 Ecosystem Ecology

Since humans coexist as interdependent beings, the study of houses is the literal focus of the ecology field.
Understanding population changes in relation to space and time, including (1) the number of species, (2)
their distribution [12], (3) their evolution, and (4) the reasons behind those changes, is made easier by
the field of ecology. Hierarchy is a key ecological concept that makes it possible to investigate entirety
and parts holistically. Organisms are the fundamental solitary biotic unit. A population is a collection of
identical creatures. A species is comparable to a population, which denotes collections of creatures with
particular traits. A community is made up of all the species or populations that call a specific location
home. Together, the nonliving environment and the community form an ecosystem. A landscape is
made up of human artifacts and clusters of ecosystems.

Input Output

Processes

Organization Material and

D/ [ TT— energy:

emigrations

of organism

Organisms and

Materials ECOSYSTEM

Figure 2 An ecosystem is an open system

All of the earth's ecosystems collaborating on an international level are collectively referred to as the
"biosphere [13]." The ecosystem, which has all the elements required for long-term existence and function,
is the lowest unit in the biological pyramid. We should give each online CoP particular attention since
we see it as an ecosystem. As seen in Figure 1, an ecosystem can be made up of two major components,
the input environment and the output environment, as well as a system that reflects the region of
importance. Energy is an essential component. The biosphere gets its energy from the sun, which also
directly sustains ecosystems. Additionally, energy leaves the system as heat and various processed or
changed forms like pollutants.

4, IMPLEMENTATION AND EXPERIMENTAL RESULTS
4.1 Model results
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We start by presenting findings about how well various models predicted vegetation patterns in the open
habitat under study. A 15-to-1 forecasting job is used to gauge the model's performance. The NDVI images
of the studied region from the previous 25 time steps, or roughly 120 days, are provided to each model,
and they are asked to forecast the NDVI for the subsequent time step, or sixth time phase. Due to its
reasonable computational power and the fact that a large amount of data is already obtainable in a 220
day period for a model to produce assumptions, we employ the configuration of prior 25 time steps in
this forecasting work.

Even while the two starting points may be viewed as naive projections, they are not so naive because the
NDVI in the next time step usually does not differ considerably from either the average of the previous
25 time steps or its previous interval advance. The five distinct techniques' RMSE, R2, learning time, and
prediction time are displayed in the figure 3.
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Figure 3 The effectiveness of the five distinct methods for predicting vegetation dynamics in the
research area

Given ConvLSTM's overall superior forecasting accuracy, we pose the following query: is this superior
forecasting precision more uniformly spread throughout the research area, or does it originate from one
or a small number of subregions?

Figure 4 displays the results, with deeper gray denoting a lower RMSE and lighter gray denoting a greater
RMSE. Over the entire study area, ConvLSTM's spatial RMSE figure is darker than the other four
methods', suggesting that multiple or a limited number of subregions contributes to the more accurate
prediction.

15

10 convLSTN

‘\//‘ === RNN

20 40 60 80

Figure 4 The five methods' spatial RMSE for predicting vegetation patterns

We choose six pixels at random and display their actual and projected NDVI data sets in Figure 5 to help
the user easily understand the ConvL.STM predictions. Additionally, we highlight the low-quality pixel
values in the time sequence plots and the positions of the pixels on the study area map in the figure's
center. These low-quality values are probably caused by oceanic impacts, and the associated pixels are
situated near the coast.

These environmental data layers might not be accessible if there are insufficient resources available for
the appropriate local governments or organizations to produce and maintain such data sets, or if No
pertinent local governments or groups exist. On the other hand, public satellite data sources provide easily
accessible global-scale NDVI data [14].

4.2 The potential of ecological variables to improve prediction
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Numerous ecological information levels have been built and kept up by relevant local agencies and
organizations in our research region, the Cape Peninsula. Here, we demonstrate the results of
incorporating the 13 environmental parameters (along with the NDVI data set) into the forecasting model
to ascertain whether and to what extent they might improve prediction accuracy. By focusing on the
ConvLSTM model, which performed the best in our previous set of studies, we compare the accuracy of
the new model with that of the approach without external factors, using the forecasting project as used
previously. We incorporate environmental factors into the ConvLSTM model's input by adding them as
extra methods.

As a result, the ConvLSTM model is cognizant of the environmental factors and the NDVI at every time
step.

The outcome of incorporating all 23 environmental parameters into the ConvL.STM model is what we
initially show. Remarkably, there is no discernible increase in forecasting accuracy with this approach. In
fact, compared to using NDVI time series alone, the model's R2 marginally drops once all 23
environmental factors are taken into account. Curiosity prompted us to carry out an ablation research in
which we eliminate one outside factor at a time and track the change in forecasting accuracy. When all
of the environmental factors are eliminated, Figure 5 displays how the model performs in terms of RMSE
and R2. Keep in mind that we maintain control over the tests by making sure that every other surrounding
variable remains constant [15]. Figure 5's positive RMSE increase indicates that the associated external
parameter is essential to the model's ability to produce precise projections because it shows that the
model's forecasting accuracy drops when it is eliminated. A negative RMSE shift, on the other hand,
shows that the model's forecasting precision actually rises when the associated external factor is
eliminated, indicating that the external factor is most likely less helpful for the model's vegetation state
prediction.

| |
4
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2 H DEM
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z T T T
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Figure 5 Changes in the ConvLSTM algorithm's RMSE and R2 when various environmental factors
are eliminated as opposed to using all of them

It is important to read the R2 changes in the opposite way: positive changes suggest that the relevant
surroundings are likely less beneficial, while adverse developments suggest that the associated external
variables are useful. The vegetation cycles of the plant open biosphere are clearly predicted by three
environmental factors: the vegetation type, the mean precipitation in July (winter), and the topographic
smoothness index. The remaining eight environmental variables have a minor effect on the prediction's
accuracy.

We train a different model with just these three environmental factors and NDVI images in order to
respond to this query [17]. With a modest drop in R2 when compared to using all 23 ecological variables,
maintaining only these three environmental parameters also does not yield the greatest results. This
finding implies that we cannot just eliminate all nine of the other environmental variables from the model
because there might be some interactions between them. Given this complexity [18], we employ a greedy
strategy to find a better forecasting environment, progressively eliminating environmental factors
beginning with those that have had the biggest detrimental effects on forecasting precision [16]. The next
environmental parameter is tested after deleting the previous one if doing so improves forecasting
accuracy; if not, the previous variable is replaced and the next variable is tested. Using this greedy method,
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we discover that the best forecasting accuracy is obtained by eliminating the variable slope, with an RMSE
of 0.063 and R lined of 0.907.

4.3 Long-term forecasting

We have examined the forecasting precision of various methods using a next-step forecasting task in the
last two sets of tests. The multi-step prediction's outcomes are displayed, with an emphasis on the most
effective strategy to date—the ConvLSTM model combined with environmental variables other than slope.
It should be noted that the two deep learning algorithms act as two extra starting points for the
ConvLSTM with environmental variables and are only trained using NDVI pictures. Figure 6 displays
the findings. It is evident that when asked to forecast longer time steps in the future, all techniques have
lower forecasting accuracy. A reasonable baseline for anticipating one step forward is baseline 1 [19], but
as time steps increase, its performance significantly deteriorates, making it the poorest method for
forecasting 46 steps forward. Generally speaking, RNN and LSTM outperformed Baseline 1 in foreseeing
longer time steps and underperformed the two naive forecasting methods in planning fewer time
procedures. Over various time steps, their performances change. The ConvLSTM system performs
somewhat better than Baseline 1 in 36-step anticipating, although incorporating environmental factors
has outperformed the other five methods in all tested time actions.

4.4 Various methods for predicting changes in vegetation in an open environment

14
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o == Baseline 2
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Figure 6 Accuracy of forecasting using various methods for longer-term predictions

There are several restrictions on this research. The ability of ConvLSTM and additional deep learning
models to forecast vegetation changes in open habitats can be demonstrated by studies conducted in
several additional open environments as well as the current fynbos shrubland work.

5. CONCLUSION

In the nascent era of big data, deep learning algorithms undoubtedly provide ecologists with opportunities
to learn and prediction, regardless of whether some of the more exaggerated In the nascent era of big
data, deep learning algorithms undoubtedly provide ecologists with opportunities to learn and make
predictions, regardless of whether some of the more exaggerated claims about DL turn out to be accurate.
These potential areas include making little improvements to current questions (i.e., applying DL
techniques to current issues), broadening the scope and size of our inquiries, and developing completely
new (and unanticipated) queries and processing capabilities. As the distinction between mechanistic and
empirical models grows hazier, we expect that hybrid physical-DL models will present unique potential
for ecosystem ecology.

For the management of open ecosystems' carbon, fire, water, and biodiversity, it is essential to predict
vegetation dynamics with accuracy. We also looked at how well several environmental factors, such as
plant types, fire past times, and precipitation, could improve forecasting. Using NDVI time-series data,
we discovered that the ConvLSTM models outperform RNN, FC-LSTM, and two naive forecasting
baselines in terms of vegetation state prediction. Different environmental factors demonstrated varying
capacities to increase vegetation predictability was achieved by combining the ConvLSTM model with
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specific environmental factors. Lastly, we talked about the benefits and drawbacks of supporting
conservation management with such a deep learning-based strategy.
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