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ABSTRACT
In Brazil's mountainous regions, frequent geohydrological events pose severe threats, leading to large-scale disasters. Climate change pre-

dictions exacerbate these risks. This article discusses Disaster Risk Reduction Management, focusing on federal geotechnical assessment 

surveys. The study highlights the importance of Geological Hazard Surveys (GHS) for comprehensive policymaking. Also, it recommends 

promoting GHS in critical municipalities to enhance disaster management strategies and safeguard communities nationwide.

INTRODUCTION
As a continental and diverse nation encompassing various geographical and climatic regions, Brazil is inherently susceptible to a broad spec-

trum of landscape-altering natural phenomena. The country has faced numerous natural events that have affected millions of people's lives 

and economies (Brasil, 2023). Moreover, climate change may exacerbate the frequency and intensity of those events in the future (Marengo 

et al., 2021). Disaster Risk Reduction Management (DRRM) is a comprehensive approach to minimizing the impacts of disasters. It encom-

passes systematic procedures to reduce vulnerabilities and strengthen community resilience. Despite the ongoing efforts, severe disasters 

have continued to occur in recent years (Brasil, op. cit.). Numerous articles cover various aspects of DRRM in Brazil (e.g., Mendonça et al., 

2023). However, no previous studies make a comparative analysis of Federal geotechnical assessments. Therefore, the objective of this study 

was to summarize the actual situation of DRRM surveys, discuss challenges and opportunities, and suggest effective solutions.

METHODS
This study reviewed 154 publications from 1979 on DRRM practices in Brazil regarding legislative framework, governmental directives, and 

existing articles. This examination aimed to glean insights into the evolution, pressing needs, and potential enhancements. Then, the study 

delved into a comparative evaluation of the five national DRRM surveys based on official guidelines and outputs. The intent was to pinpoint 

redundancy, gaps, effectiveness, and opportunities. Following the recommendations proposed by Fell et al. (2008) and Corominas et al. 

(2014), we evaluated the methods based on three crucial components: the nature of input data, the assessment method, and the resultant 

information provided. Also, the impact on DRRM applicability was examined. Finally, the study highlighted the most comprehensive survey 

and suggested methodological advancements for bolstering DRRM efficacy.

RESULTS
Evolution of disaster risk surveys in Brazil

Brazil has faced numerous catastrophic events from 1960 to 2023 (Brasil, 2023). Brazil's disaster risk reduction management policies have 

evolved from reactive to proactive, learning from past events (Almeida, 2015). Five national-level surveys have been conducted to clarify 

the potential of disasters (Table 1). There are various objectives, including structural countermeasures planning, monitoring for early warn-

ing, urban planning, and integrated disaster risk reduction management strategies (Table 1). These surveys encompass the most common 

and destructive phenomena related to Brazilian sediment-related disasters, such as landslides, debris flow, and rockfalls. Most surveys also 

covered gradual flooding and flash floods. Excluding the latest, the Geological Hazard Survey, all surveys are established in the disaster risk 

reduction management legislative framework.

After several disasters, in 2003, the Municipal Disaster Risk Reduction Plan (PMRR) was designed to promote strategic planning instruments 

to assess risks and propose structural solutions for mitigation. This initiative aimed to advocate for a systematic approach. During that period, 

numerous regional methods were prevalent, prompting the government to opt for a national-level unification strategy.  In 2011, following 

the devastating Mega-disaster in Rio de Janeiro's mountainous region (Dourado et al., 2012), the Geological Risk Survey (GRS) was initiated 

as a component of the National Plan for Risk Management and Response to Disasters. Its primary objective was to quickly assess high and 

very-high-risk zones in urban areas across 821 critical municipalities. It aimed to facilitate nationwide monitoring and alert issuance.  In 

2012 and 2014, two surveys were launched as part of urban planning efforts, targeting to establish a progressive assessment framework and 

bolster preventive strategies. In 2012, the Susceptibility Survey (SS) was developed to evaluate the natural predisposition of a given terrain 

to trigger geohydrological phenomena for urban policies. In 2014, the Geotechnical Aptitude for Urbanization Charts (GAUC) was launched, 

focusing on assessing the capacity of the terrain to support various types of land use and assist urban development planning. Following that, 
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in 2018, the Geological Hazard Survey (GHS) was developed based on statistical analyses from past events to assess potential hazardous 

areas and delimit the phenomena’s maximum extent. This survey was intended to recognize deficiencies and provide the specific require-

ments of various stakeholders. Thus, the motivation was to develop tailored solutions to support comprehensive and integrated strategies 

(Pimentel et al., 2020). 

As of 2023, these surveys are ongoing and have not yet covered the entire country. The first survey PRMM has been conducted in 652 

municipalities (Table 1). The GRS has assessed 1636 municipalities and implemented updates for 256 of them. The number of surveyed 

municipalities for SS is almost the same as PMRR. On the other hand, the more recent surveys, such as the GAUC and GHS, have evaluated 

16 and 10 municipalities, respectively. 

Table 01: Summary of the essential attributes of the Brazilian DRRM assessment surveys.

Methods for assessing disaster risk surveys

Information provided

The information provided depends on the purpose of the investigation. All surveys identify the initiation zone of geohazard events (Table 

1). The latest survey, GHS, provided the transport and deposition zones. Moreover, all these surveys provide data about the type of sediment 

movement, such as landslides, debris flow, and rockfall. 

The first two surveys, PMRR and GRS, are aimed at planning structural and non-structural countermeasures (Table 1), so these surveys not 

only evaluate the initiation of sediment movement but also investigate the impact on infrastructure and affected populations. Also, PMRR 

includes cost-benefit information. The SS identifies potential susceptibility-prone areas. GAUC offers information about land use aptitude 

classes depending on the terrain characteristics, and GHS provides hazardous-prone areas and the maximum extent. 

Most surveys classify sensitive areas into 2-4 levels, except for GAUC, where the number of classes varies based on the complexity of the 

municipalities (Table 1). Additionally, the topographic units used to assess risk vary depending on the purpose of each survey. The SS, 

GAUC, and GHS conduct catchment analyses while addressing limited hillslope analyses. On the other hand, the PMRR and GRS employ 

partial plot and hillslope analyses (Table 1).

Assessing method

All the methods employ heuristic analyses. GRS only relies on expert judgment to distinguish between high and very high classes (SGB, 

2023a) (Figure 01). Except for GRS, all surveys partially incorporate empirical and probabilistic evaluations. For instance, SS uses the land-

slide density index per relief unit to discriminate between high and moderate classes (SGB, 2023b).  GAUC utilizes laboratory data to pro-

pose various land uses based on terrain characteristics (SGB, 2023c). GHS delineates critical areas through statistical analyses of the damage 

caused by past events (SGB, 2023d). Furthermore, none of these methods relies on deterministic analyses. 

All surveys considered the role of slope gradients (e.g., usually ≥ 25°for shallow landslides) (Figure 01). Other topographical parameters are 
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not included except for GHS, which considers the roles of elevation, slope length, shape, and direction. (e.g., slope height ≥ 5 m for land-

slides and rockfall). Moreover, PMRR and GRS partially incorporate variables related to human interventions, such as irrigation and drainage 

networks, cut-fill, and so on. Further, these surveys use census data, such as population and physical vulnerability (building materials type, 

i.e., masonry and wood), to provide information regarding risk estimation (Mendonça et al., 2023; SGB, 2023a). 

The SS, GAUC, and GHS partially incorporate controls related to subsurface factors, such as geological data and soil characteristics.  These 

surveys aim to establish spatial correlations between landslide occurrences, lithology, and soil types to assess the predisposition of specific 

terrain types to trigger events. Furthermore, SS employs structural and discontinuity density index to differentiate between high and mod-

erate landslide susceptibility classes.

Figure 01: Comparative analysis of DRRM mapping surveys in Brazil. Integral refers to full compliance with the criterion. Limited denotes partial observance, and N/A indicates that the 

methodology does not address the criterion.

DISCUSSION 

What is the reason for the limited number of surveyed municipalities?

It can be thought that the extent of national coverage varies significantly based on the launch year and methodological complexity. The GRS 

is faster and more cost-effective than PMRR. The GRS relies solely on identifying risk areas, estimating the number of vulnerable buildings 

using satellite imagery, and extrapolating the affected population by multiplying houses by four, the average household size in Brazil. In 

contrast, PMRR involves a multi-stage process such as risk mapping, proposing countermeasures, cost estimation, prioritization, and funding 

securing. Therefore, GRS is suited for emergency planning and effective communication, while PMRR is more suitable for structural coun-

termeasures. GRS covers 1636 municipalities nationally, while PMRR covers 652 municipalities, despite PMRR launching eight years before. 

Also, combining data derived from the GRS into other surveys (e.g., GHS) may offer enhanced solutions. The choice between the two should 

depend on specific requirements, urgency, and data availability. 

The SS has the higher cost-benefits with low runtime and pricing.  The reason could be that it is a simple (identify initiation-prone zones) 

and well-established methodology widely assimilated by the technical team. Furthermore, the field phase is quick, comprising a checklist 

and minor adjustments.  The applicability is limited for formulating land use and urban planning policies. 

The GAUC is costly and time-consuming due to the need for collecting and analyzing various data types, including field and laboratory 

measurements, to assess soil strength and thickness (Figure 1).  Additionally, proactive analysis takes more time to evaluate land use poten-

tial and considers each municipality's unique characteristics to categorize them into aptitude classes.

The GHS has a moderate implementation time and cost. However, it is a complex and relatively new approach that has limited adoption 

among many practitioners who are not yet familiar with it. Further,  GHS is not endorsed by DRRM laws, and local decision-makers often 

lack awareness of the method, affecting widespread applicability and limiting national coverage.
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Which data and surveys should we incorporate to reduce the impact of disasters?

Several studies emphasized the limitations of sediment disaster risk assessment. For example, Corominas et al. (2014) showed the impor-

tance of employing quantitative risk analysis methods. Given the absence of temporal context, all surveys only indicate potential areas 

instead of reflecting the likelihood of occurrence. Also, frequency and magnitude evaluations are essential for decision-makers (Fell et al., 

2008). While various surveys identify initiation-prone areas, only GHS offers limited insights into runout distance and magnitude. Therefore, 

enhancing GHS's effectiveness should involve including a frequency assessment, incorporating geohydrological phenomena such as flood-

ing, and enhancing magnitude evaluation.  Also, Mendonça et al. (2023) pointed out that the government's resource decentralization strategy 

and the many entities conducting PMRR exacerbate the inconsistency of the results. 

Based on the literature survey results, we propose two new recommendations for the future. One crucial limitation of disaster risk assess-

ment in Brazil is that none of the methods consider analysis related to triggering factors, such as rainfall precipitation or thresholds. The SS 

provides spatial estimates for annual and monthly rainfall averages, partially addressing the IDF curves. Climate change is expected to alter 

rainfall patterns significantly, making it challenging to assess future landslide risk areas with current methods that do not account for these 

changes. The second is the continuous updating of data. The PMRR and GRS offer insights into affected populations and damages, relying 

on 2010 census data. Given the rapid population growth in Brazil, particularly in urban regions, there is an issue of underestimating damage 

using outdated information. It is crucial to incorporate up-to-date demographic data to assess the at-risk population accurately.  A similar 

problem can be seen with topographic data. These surveys’ results commonly rely heavily on topographic data. However, most data utilized 

as input typically dates back at least five years.

CONCLUSIONS
Brazil has faced several catastrophes due to natural hazards and social vulnerabilities worsened by climate change. The nation has five dis-

tinct Federal geotechnical assessment surveys with different scales and purposes. The Geological Risk Survey (GRS) is the most established 

method and offers the best cost-benefit ratio. The analysis has revealed that the Geological Hazard Survey (GHS) is the most suitable ap-

proach for comprehensive disaster risk reduction and climate change adaptation countermeasures. GHS encompasses comparable, unique, 

and relevant information for assertive decision-making. Therefore, a compelling recommendation for the Government to endorse and pro-

mote adopting this assessment actively. This proactive stance is crucial in advancing DRRM efforts and enhancing the nation's resilience to 

potential hazards.
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