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Chapter 29
Applying the Meta Soil Model: 
The Complexities of Soil and Water Security 
in a Permanent Protection Area in Brazil

Marcos B. Ceddia, Sabine Grunwald, Érika F.M. Pinheiro, 
Katsutoshi Mizuta, Christopher M. Clingensmith, 
and Milton Marques Fernandes

Abstract Soil security denotes freedom from risks of losing a specific or a group 
of soil functions. This case study in the permanent protection area of Sana river 
(PPA-Sana), Brazil, addresses the relationship between soil security and water secu-
rity. It explores the soil function “the provision of clean water and its storage, as 
well as filtering the contamination of water ways.” The study also presents a formal 
way to put soil security into practice applying the meta soil model. Meta soil model-
ing is built on integral theory that facilitates to understand the complexity of soil, 
water, and other securities. The soil and water securities in the PPA-Sana are inter-
connected and at risk. Specifically, one of the main problems is the discharge of soil 
sediments in the rivers as a consequence of soil erosion. Soil erosion and compac-
tion constrain soil and water security, and these were monitored and mapped in 
order to provide support for policy interventions. However, our findings suggest that 
producing better soil maps and more monitoring are not enough to improve soil and 
water security. On the contrary, awareness building, creating trust among stakehold-
ers, and better integration among quadrants of the integral model would lead to an 
enhancement of soil and water security. In essence, cognizance (the sixth dimension 
of soil and other securities) is profoundly important to allow integration of human 
and biophysical system dimensions.
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29.1  Introduction

The concept of soil security has been developed to protect and sustain the valuable 
soil resources by reframing the importance of soil in context of solving wicked 
global environmental issues (Grunwald et al. 2015). The term “security” in common 
usage denotes freedom from various risks (King and Murray 2001). Applied to soil 
science, we define soil security “as freedom from risks of losing a specific or a 
group of soil functions.”

Many studies in soil science are focused on soil management and conservation. 
They focus on characterizing the soil’s chemical, physical, biological, and morpho-
logical properties; soil classes; quality; nutrient contents; carbon storage; biomass; 
and others. However, soil is an integral component of environmental, economic, 
social, political, legal, educational, and other systems that show much complexity. 
Contemporary soil mapping and assessment that describe or quantify soils are not 
able to assess the full soil functionality, value, and services that soils provide and, 
thus, fall short to address soil security. Morris (1995), in his book titled The Political 
Economy of Land Degradation, provides us with good lessons about how politics 
failed to prevent and recover the soil degradation in dryland regions. According to 
him, the debate about soil degradation had concentrated on the “scientific” identifi-
cation of problems and the consequent construction of rational and “scientific” solu-
tions. However, “experts” have persistently failed to identify correctly the 
institutional dysfunctions causing land degradation. Besides, a central plan (top- 
down decision system) developed by those experts, did not consider the explicit 
wants and needs of the local peasants and the complexity of their interactions with 
the nature and the economic and political systems. A more integral view is needed 
that allows experts, stakeholders, land tenants, land users, and residents to interact 
and find common ground to share facts about soils, raise awareness of soil-related 
issues, and find appropriate solution to enhance or optimize soil functions.

Integral theory weaves together the significant insights from all of the major 
human disciplines of knowledge, including natural and social sciences as well as 
arts, philosophy, and humanities. In a certain sense, integral approaches are “meta- 
paradigms” or ways to draw together an already existing number of separate para-
digms into an interrelated network of approaches that are mutually enriching. 
Because integral theory systematically includes more of reality and interrelates it 
more thoroughly than any other current approach to assessment and solution build-
ing, it has the potential to be more successful in dealing with the complex problems 
we face in the twenty-first century (Esbjörn-Hargens 2009).

Here, we apply integral theory to address the complexity of soil and water secu-
rity and to show how it is connected to other securities. It explores the soil function 
“the provision of clean water and its storage, as well as filtering the contamination 
of water ways.” In fact, this soil function is not the only one in the context of the 
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study site; however, considering the importance of the landscape and waterfall in 
the economy of the region, it can be elected as the most important. We exemplify 
our integral approach to soil security with a case study from Brazil where both soil 
and water securities have been threatened.

29.2  Integral Theory

According to integral theory, there are at least four irreducible perspectives or quad-
rants (subjective, intersubjective, objective, and interobjective) that must be con-
sulted when attempting to fully understand any issue or aspect of reality 
(Esbjörn-Hargens 2009). The quadrants express the simple recognition that every-
thing can be viewed from two fundamental distinctions: (1) an interior and exterior 
perspective and (2) a singular and plural perspective. The four quadrants allow 
investigating an issue (e.g., soil-water security- Fig. 29.1) from four distinct per-
spectives: (1) the UL (upper left) quadrant that represents the individual-interior 
perspective in which individuals voice their subjective experiences based on sense 
perceptions and meaning they derive; (2) the LL (lower left) quadrant which dis-
closes cultural worldspace in which groups and communities of people come 
together and express their values, beliefs, and perceptions from a collective vantage 
point; (3) the UR (upper right) quadrant that captures the individual-exterior per-
spective which can be objectively described through mapping, monitoring, record-
ing, or other empirical observations; and (4) the LR (lower right) quadrant that 
reveals system perspectives through system theory of interconnected social, eco-
nomic, political, environmental, and other systems which represent the collective- 
exterior point of view (Wilber 2000a, 1997). The integral model allows to put 
ecological problems under the integral lens providing a holistic view because it 
combines different perspectives – the “I” (UL quadrant), “We” (LL quadrant), “It” 
(UR quadrant), and “Its” (LR quadrant) (Wilber 2000a, b). Esbjörn-Hargens and 
Zimmerman (2009) applied Wilber’s integral theory to the ecological and environ-
mental realms which brought forth integral ecology. Weichselgartner and Kasperson 
(2010) asserted that there is broad agreement that more integrative assessments are 
needed to address global environmental problems. However, there is no consensus 
on what needs to be integrated and how that integration should be accomplished. We 
assert that integral theory and integral ecology are poised to provide a framework 
for soil security and interconnected securities, such as water security. The integral 
framework allows integration of multiple perspectives that are populated by dis-
tinctly contrasting methods/approaches. This integrative approach disclose a more 
comprehensive view of soil and water security than any other specialized study that 
looks at only the conditions or only the capability of soils a study region. Importantly, 
integral theory and integral ecology aim to integrate our knowledge and understand-
ing within and across all four quadrants. Therefore, the integral approach goes 
beyond conventional soil and water applications. The quadrants applied in this 
study contextualizing the soil and water security are shown in Fig. 29.1.

29 Applying the Meta Soil Model: The Complexities of Soil and Water Security…
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29.3  Materials and Methods

29.3.1  The Study Site

The study site is an ecotourism area called “permanent protection area of Sana 
river” (PPA-Sana) which is located in the municipality of Macaé, Rio de Janeiro 
State, Brazil (Fig. 29.2). In the past, the region was covered by a dense rainforest 
(Atlantic Forest), and according to the Köppen climate classification, the region 
falls within the “mild temperature with dry and warm summer” (Cwb) class. The 
PPA-Sana covers an area of 11,802 ha (Sana watershed, Fig. 29.2), and the Sana 
river has an extension of 20 km. The study focused on the stretch of the river 
between Arraial do Sana and Barra do Sana region, which is the most populated 
area prominently visited by tourists. The selected stretch of the river (~30 % of the 
Sana river) encompasses a territory of 360 ha, which represents the land surround-
ing the Sana river and its respective tributaries. According to the soil survey report 
(Macaé 2004a), the main soil types in the region are inceptisols (77 %), ultisols 
(18 %), and entisols (5 %).

29.3.2  Problem Identification

According to monitoring and observations in the Gloria and Palmital watersheds, soil 
and water bodies were identified as impaired (Ceddia et al. 2012). The water quality 
for drinking water usage for the two watersheds (Gloria and Palmital) is shown in 
Fig. 29.3. The water turbidity in the outlet of each watershed was monitored to 
estimate the sediments delivered due to soil erosion. These measurements were used 
to calculate the annual cost of soil erosion based on the cost of water treatment.

Fig. 29.1 The four 
quadrants of the integral 
map derived from integral 
theory that provides all 
perspectives to view soil 
and water security

M.B. Ceddia et al.
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The soil quality was assessed by the soil quality index (SQI) which was com-
puted based on the measurements of the following soil attributes: bulk density, mac-
roporosity, water infiltration, penetration resistance, soil organic carbon, and 
phosphorus. The SQI was calculated considering the forest, pasture, and agriculture 
use, according to Eq. 29.1.

 
SQI Si wi

n

i

= ´å
=1

 
(29.1)

where SQI – soil quality index, a number that varies from 0 to 100; Si – is the score 
of the i-th input attribute, a number between 0 and 100; n – number of soil attributes; 
and wi – weight corresponding to the i-th parameter, a number between 0 and 1.

Fig. 29.2 Location of the study site, highlighting the Sana river and the watersheds

29 Applying the Meta Soil Model: The Complexities of Soil and Water Security…
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29.3.3  The Economic and Social Aspects

The social and economic data of the region were surveyed by different interviews 
with local residents, 73 farmers, 30 entrepreneurs, and 1,081tourists, encompassing 
a sample of 1184 people (Fernandes 2009; Macaé 2004b). The interviews surveyed 
information about education and income level, water supply and sanitation, social 
organizations, their demands and perceptions about environmental issues, public 
services, and political system.

29.4  Results and Discussion

The environmental and socioeconomic data were allocated to the four quadrants of 
the integral map (Fig. 29.3). In the UR quadrant, the soil and water quality indices, 
as well as the environmental cost due to soil erosion, are shown. The Glória water-
shed, with less forest coverage, showed lower soil quality and a higher level of tur-
bidity at the outlet. The discharge of soil sediments into the river implied an extra 
cost of US $26,788 per year for water treatment (Ceddia et al. 2012). The soil and 
water securities have been at risk, and the question is how to shift the procedures 
applied along the PPA-Sana to reverse this degradation process.

Considering the main results illustrated in the other three quadrants (Fig. 29.3), 
we highlight that the community has had many demands not attended by the govern-
ment. And consequently, the local residents, farmers, entrepreneurs, and tourists do 
not trust in the political systems and public agencies. On the other hand, the envi-
ronmental agencies do not trust farmers and entrepreneurs to carefully use and man-
age soil and water in a way that does not adversely affect the watershed. Clearly, the 
dissatisfaction and the mutual distrust of locals and tourists in relation to the gov-
ernment are a key factor that constrains soil and water security. This situation hin-
ders the implementation of necessary changes to secure soil and water resources and 
enables their functioning for the greater good of the whole community. Thus, the 
solution to achieve soil and water security necessarily involves confronting social 
and political problems, which is not usually done by experts in soil and water man-
agement that focus on soil mapping and monitoring of water quality. In fact, the 
solution requires a broader approach integrating the various dimensions of the prob-
lem. In this context, we present the concept of cognizance (Clingensmith et al. 
2015), a new dimension of soil security, contextualized for the case study (Fig. 
29.4). Cognizance allows recognizing chasms and disconnects between and within 
quadrants of the integral map. For example, right (UR and LR quadrants) and left 
(UL and LL quadrants) are disconnected somewhat in the two watersheds constrain-
ing to secure soils and water. This suggests that a better soil map or more monitor-
ing will not help to improve soil and water security. On the contrary, awareness 
building, creating trust among stakeholders, and better integration among quadrants 
would lead to an enhancement of soil and water security. In essence, cognizance is 
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profoundly important to allow integration of human and biophysical system dimen-
sions. Cognizance also allows creating a strategy to preserve and improve soil and 
water security considering the complexity of the human-environmental interactions. 
Basically, there are at least five points to be carefully addressed: (1) restore confi-
dence between the stakeholders; (2) empowerment of institutions, unions, and local 
associations; (3) reduce the economic power in the political system; (4) improve not 
only the environmental condition but also the socioeconomic condition of local 
community; and (5) create a program of ecosystem service. Essential to achieve soil 
and water security is the rescue of the respect and confidence of the locals in politi-
cal and public institutions. The rehabilitation becomes possible when the actions 
not only prioritize the legal repression but also the presentation (by the political 
system) of solutions that respect the history, knowledge, beliefs, and aspirations of 
the local community. The institutions, both for the oversight and to support the 
farmers, entrepreneurs, and tourists, should be fortified. Fortify implies the improve-
ment of the infrastructure, the wages of the staff, and the methods of action. A key 
and controversial point concerns the electoral process. The strong influence of pri-
vate funding during the elections (companies and entrepreneurs) causes a sensitive 
bias in the results. Thus, commonly, municipality mayors and councilors of Macaé 
are more committed to the interests of campaign contributors than to the aspirations 
of most citizens. This is one of the reasons why politicians hardly put into action 
what they promised.

Some experiences in Brazil (São Paulo 2012) have shown that the application of 
payment for environmental services programs gains interest among farmers in pre-
serving the soil and the water. Through these programs, the land owners become not 

Fig. 29.4 Cognizance, the integration of the knowledge to enhance the soil and water security
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only agricultural producers but also providers of environmental services. Applying 
this program at the study site, the farmers could receive state financial compensation 
for maintaining the security of soil and water.

29.5  Conclusions

The soil and water securities are connected and at risk in the PPA-Sana. Specifically, 
one of the main problems of the water security is the discharge of soil sediments in 
the rivers as a consequence of soil erosion. The discharge of soil sediments into the 
river implied an extra cost of US $26,788 per year for water treatment. The integral 
theory enhances our capacity to understand the system complexity through inclu-
sion of multiple distinct perspectives. Our findings suggest that not a better soil map 
or more monitoring helps to improve soil and water security. On the contrary, 
awareness building, creating trust among stakeholders, and better integration among 
quadrants would lead to an enhancement of soil and water security. In essence, cog-
nizance (the sixth dimension of soil and other securities) is profoundly important to 
allow integration of human and biophysical system dimensions.
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