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The big picture of field hydrology studies in Brazil

In situ hydrological monitoring is essential for a proper decision-making process 

and modelling. Efforts have been made in Brazil to carry out field activities at the 

basin scale, but how complete and comprehensive are those studies? Where are 

they located? How long have they been carried out? What are the main findings? 

To answer these questions, an overview of experimental monitoring basins in 

Brazil is presented, listing their geographic locations, monitored variables, 

operational status, monitoring periods, and main publications. We found 60 

monitored sites, spread across most Brazilian biomes, with an average 

monitoring period of 12 years. However, some publications from these 

monitoring studies are not fully accessible to the international community. Field 

hydrology activities in Brazil contribute to a better understanding of hydrological 

processes in humid and semi-arid regions, and inform us about the impacts of 

land use change on water quality and quantity.

Keywords: experimental basin; hydrological monitoring; basin scale studies

1 Introduction

Brazil receives 12.8% of the global renewable freshwater (Rodrigues et al. 2015); 

however, its population frequently struggles for water due to scarcity (Melo et al. 

2016) or quality (Cunha et al. 2011) issues. The quantity issue can be associated with 

the fact that most freshwater in Brazil is located in the northern region (Amazon 

basin), where approximately 6.5% of the total population lives. These data contrast 

with the scenarios in the north-eastern region and the São Paulo metropolitan area, 

where the percentages of the national population are 35 and 11%, respectively, and the 

percentage of national water availability are 4 and 2%, respectively (ANA 2010, 

Rodrigues et al. 2015). In addition to this spatial inequality, there are high 

industrialisation rates in the southeast region, a semi-arid climate in the northeast, and 

high rural consumption for agriculture in the south. Therefore, integrated water 

resource management is imperative, linking the decision-making process to user 
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conflicts, extreme hydrological events (droughts and floods), risk assessments, the 

increase in water demand, and the decline of water quality.

To support this decision-making process, hydroclimatological monitoring is a 

powerful tool for measuring and evaluating trends in water quality, quantity, 

distribution, and utilisation (Wang et al. 2014, Jianqing et al. 2016, Villas-Boas et al. 

2017). Monitoring provides historical data that can describe current river basin 

characteristics and provide consistent input to models capable of predicting future 

conditions under extreme scenarios (Jianqing et al. 2016, McNeill et al. 2017, Carlson 

and Cohen 2018). Moreover, new field observations are considered as a potential 

determining factor for advances in hydrological sciences (Blume et al. 2017).

Field hydrology activities at basin scale usually take place in experimental and 

representative basins. Experimental river basins are usually defined as drainage areas 

in which well-known information regarding land cover, soil type, and hydrological 

characteristics can be obtained (Toebes and Ouryvaev 1970, Whitehead and Robinson 

1993). Representative basins are well-instrumented basins whose purpose is to serve 

as a surrogate for testing hydrological processes forced by a set of representative data 

(Linsley 1976). Representative basins are considered one of the oldest techniques used 

for basin investigations and one of the first uses of this technique was in 1902 in the 

Emmental region of Switzerland (Engler 1919). Nevertheless, Pierre Perraut and Edmé 

Mariotte were pioneers in experimental hydrological monitoring (rainfall and 

streamflow) on the Seine River (France) during the 17th century (Whitehead and 

Robinson 1993). Experimental and representative basins can (i) provide information 

about the effect of natural/anthropogenic changes such as land cover transition, 

urbanisation, and water uptake; (ii) provide input and calibration data for hydrological 
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modelling; and (iii) serve as representative basins for fundamental research, testing 

new equipment, and as training camps for new staff (Toebes and Ouryvaev 1970).

Field data acquisition for statistical analyses in experimental and representative 

basins is considered expensive and time-consuming (Burt and McDonnell 2015, 

Worqlul et al. 2018). Nevertheless, such analysis supports various hydrological studies 

in Brazil (Brunini and Turco 2016, Silva Junior et al. 2016, Coelho et al. 2017, Mello 

et al. 2017, Santos et al. 2017, Villas-Boas et al. 2017, Mello et al. 2018, Salles et al. 

2018, Zema et al. 2018) and around the globe (Hillman and Rothwell 2016, 

Pfannerstill et al. 2017, Becker et al. 2018, Montety et al. 2018, Gautam et al. 2018a, 

Gautam et al. 2018b, Godsey et al. 2018, Mfonka et al. 2018, Vema et al. 2018). 

Literature reviews related to water quality monitoring were done on a national 

scale in Chile (Espejo et al. 2012), China (Jianqing et al. 2016), the USA (Lucconi et 

al. 2012, Sprague et al. 2017), South Africa (Pérez et al. 2017), Mexico (Pule et al. 

2017), and northwest Iran (Alilou et al. 2018). Other review studies focused on 

quantitative monitoring (e.g., precipitation, runoff, soil loss, etc.) in Canada (Mishra 

and Coulibaly 2010), Australia (van Dijk et al. 2014), Ethiopia and Eritrea (Dile et al. 

2018), the United Kingdom (Harrigan et al. 2017), northern China (Zhou et al. 2013), 

South Asia, and the countries of Afghanistan, Bangladesh, India, Nepal, Pakistan, and 

Sri Lanka (Reddy et al. 2017). Additionally, surveys addressing the physical, 

chemical, and biological aspects of water were carried out in Slovenia (Šraj et al. 

2008), England and Wales (Collins et al. 2012), China (Jianqing et al. 2016), Chile 

(Valdés-Pineda et al. 2014), and the USA through the US Department of Agriculture-

Agricultural Research Service’s (USDA-ARS) Experimental Watershed Network 

(Ziemer and Ryan 2000, Goodrich et al. 2016).
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An association of 22 countries, called the European Representative Basin 

(ERB), was created in 1986 to improve the exchange of hydrological information 

between research groups and enable joint studies based on such basins (ERB 2018). 

The German National Committee for the International Hydrological Programme 

(IHP/UNESCO) and the Hydrology and Water Resources Programme (HWRP/WMO) 

organised an inventory of small hydrological research basins as the result of the ERB 

working group conference (IHP/HWRP 2010). The ERB inventory comprises 40 

hydrological research basins from Austria (1), China (1), Czech Republic (4), France 

(1), Germany (10), Iraq (1), Italy (2), Luxembourg (1), Mongolia (1), New Zealand 

(1), Norway (1), Poland (4), Romania (1), Russia (2), Slovakia (2), Spain (5), 

Switzerland (1), and Ukraine (1). 

The study includes information on basin characteristics (catchment area, 

climate, elevation range, land use, soil type, and geology), geographical maps, flow 

regimes, measured hydrological variables, applied models, main scientific results and 

publications, and coordinator contact.

Many papers have reported data from field hydrology studies in the past 10 

years (Fig. 1). The increasing number of publications highlights the relevance of and 

improvements made in water resource conservation. Experimental and representative 

basin networks have been created to integrate hydrological and environmental studies 

from different countries. Since 1953, the USDA-ARS Experimental Watershed 

Network has monitored more than 600 basins over the years and currently continues to 

operate approximately 120 basins, which have been used to develop and validate 

numerous models (Goodrich et al. 2016).
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INSERT FIG. 1

Fig. 1 Number of publications by year (2009–2018) found in a Scopus database search 

using the following terms: “experimental watershed,” “experimental basin,” 

“experimental catchment,” “representative watershed,” “representative basin,” 

“representative catchment,” and “field hydrology.”

The first important activity related to the monitoring of small basins in Brazil 

was implemented in the early 1970s when the Superintendence for Development of the 

Northeast (SUDENE, in Portuguese), in cooperation with the former ORSTOM 

(French Overseas Department of Scientific Research and Technology), started a 

monitoring network called Representative Basins (Cadier 1994). Since 2001, a 

remarkable integrated monitoring of experimental and representative basins in Brazil 

has been carried out by the Brazilian Hydrology Network for the Semi-arid Region 

(REHISA). REHISA is composed of eight federal universities from the north-eastern 

region (UFPB, UFRN, UFCG, UFAL, UFPE, UFRPE, UFC, and UFCG) and one state 

agency (FUNCEME). This partnership aims to create and improve instrumentation and 

monitor experimental basins, address particular issues present in the north-eastern 

region, and include (i) anthropogenic changes that affect land cover and the 

hydrological cycle; (ii) evaporation and sedimentation in dams (typically small and 

used for human supply); (iii) evapotranspiration and interception in Caatinga 

vegetation (small trees and shrubs); (iv) infiltration and subsurface flow in soils that 

are poor in nutrients, sandy, and very shallow; and (v) surface water movement due to 

scarce precipitation (usually below 800 mm) (REHISA 2004, Santos et al. 2011, 

Oliveira et al. 2012, Silva et al. 2012, Coutinho et al. 2014, Barbosa et al. 2015, 

Ribeiro Filho et al. 2017). Some sites belonging to the REHISA network remain active 

and are still used in graduate research.
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Advances in data monitoring such as REHISA are usually related to the 

enhancement of hydrological modelling databases (for water availability, land use, and 

land cover evaluation, as well as for concentration times and runoff estimations). 

These advances were noted in several regions of the country after significant financial 

support from the Brazilian Federal Government agencies during the early 2000s (e.g., 

Funding Authority for Studies and Projects (FINEP), National Council for Scientific 

and Technological Development (CNPq), and Water Resources Research Fund of the 

Ministry of Science and Technology (CT-HIDRO) (Silva 2003, Cruz et al. 2010, 

Girardi et al. 2011, Lima et al. 2014, Almeida et al. 2016, Santos et al. 2016, Mota et 

al. 2016, Silva Junior et al. 2016, Mello et al. 2018, Gómez et al. 2018). 

The use of experimental basins for the calibration and validation of models is 

also significant (Rodriguez and Tomasella 2016, Kaufmann de Almeida et al. 2017, 

Mello et al. 2017, Villas-Boas et al. 2017, Meira Neto et al. 2018, Zema et al. 2018). 

More specific studies conducted in these basins have focused on increasing crop 

productivity (Almeida et al. 2007), tracing sediment sources in rural areas (Tiecher et 

al. 2017), and quantifying the infiltration and recharge of aquifers (Wendland et al. 

2007, Coelho et al. 2017, Salles et al. 2018). 

Given the relevance of field hydrology studies, this paper aims to present an 

overview of the basins monitored in Brazil and answer key questions, such as: Where 

are such basins located? How long have they been monitored? What was learned from 

them? What advances have been achieved in hydrological science? To this end, we 

describe the geographic locations, characteristics of monitoring activities, and main 

findings in these basins.
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2 Material and methods

2.1 Terminology

Field hydrology studies in Brazil occur in basins with a wide range of sizes; hence, 

calling them “experimental” or “representative” basins would be inappropriate in some 

cases. Rainfall (P) and streamflow (Q) are the most common hydrological variables 

monitored by Brazilian agencies, but studies are usually conducted for purposes other 

than those mentioned in the Introduction (i.e., provide input for modelling, etc.). 

Therefore, in this manuscript, the term “monitored basin” (MB) will refer to those sites 

where hydrologic monitoring, as specified in Section 2.2, has occurred or is currently 

being carried out. By “hydrologic monitoring,” we mean the monitoring of at least P 

or Q and in association with other types of monitoring related to hydrology (water 

quality, soil moisture, etc.) when available.

2.2 Regional setting

Brazil has 12 major hydrographic regions for management purposes: Amazon (AMZ), 

East Atlantic (ALT), Western Northeast Atlantic (AOC), Eastern Northeast Atlantic 

(AOR), Paraná (PRN), Parnaíba (PNB), Paraguay (PRG), São Francisco (SFO), South 

Atlantic (ASU), Southeast Atlantic (ASD), Tocantins-Araguaia (TOC), and Uruguay 

(URU). The country has different water availability conditions, including (i) water-

scarce regions such as the Brazilian semi-arid area in the north-east and (ii) water-

surplus areas such as the Amazon basin. Approximately 80% of the water is 

concentrated in the Amazon and Tocantins-Araguaia basins, which are occupied by 

less than 10% of the Brazilian population (Benetti et al. 2004, Rodrigues et al. 2015). 

The main water uses in Brazil are hydroelectric power generation, human 

consumption, industrial supply, and irrigation.
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2.3 Data collection

We used Google Scholar, Web of Science, Scopus, and SciELO databases to compile 

information about the MBs in Brazil that were published in scientific journals, 

conference papers, books, theses, and dissertations (including grey literature). The 

categories used to organise the collected information include the following: 

 Geographical coordinates

 Basin area

 Monitoring variables

 Time features (i.e., monitoring time resolution, period, etc.)

 Type and number of sensors used to monitor each variable

 Research lines of attack

 Main findings (what was learned)

 Publications resulting from the monitoring

It is worth mentioning that a considerable amount of information was obtained directly 

from researchers in charge of the monitoring activities of the basins. This strategy was 

used to obtain more detailed and up-to-date information about the basins.

2.4 Data analysis

The collected information was organised using spreadsheets and a geographic 

information system. Descriptive statistics and thematic maps were then used to 

produce temporal and spatial information relative to each monitored basin, such as 

locations, monitoring variables, types and quantities of sensors, and monitoring 

periods. Fifteen research topics from the main top-ranked journals in water resources, 

according to Journal Citation Reports (or JCR, a product of Web of Science Group), 

were selected to identify the main research lines established in the MBs in Brazil. The 

number of publications produced using data from these basins are presented herein, 
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and the relationship of the publications with the monitoring characteristics of each unit 

is explored based on scores. 

3 Results and discussion

Based on the information collected in this study, a total of 60 MBs were identified in 

Brazil: 28 active, 20 discontinued, and 12 without information about on monitoring 

status (Fig. 2). Information on each individual basin can be found in the 

Supplementary Material 2 (SM2). 

INSERT FIG. 2

Fig. 2 Distribution of monitoring basins (MBs) across Brazil by hydrographic region.

3.1 Spatial distribution

The MBs are not equally distributed across the country. Most of the discontinued MBs 

are located in the AMZ. Most of these Amazonian MBs were monitored for up to three 

years, with only one exception (ID-3), whose monitoring period ranged from 1977 to 

1983. 

The PRN region contains most of the active MBs (13), representing 26% of the 

total amount in Brazil. The PRN hosts the most economically-active and densely-

populated area in Brazil, where modern agricultural activities take place (Oliveira et 

al. 2013, Soares-Filho et al. 2014). The main land use in the MBs is natural forest in 

pristine condition (40%), followed by agriculture (20%), and pasture (17%). 

Approximately 23% of MBs occur in urban areas or areas predominantly reforested 

(e.g., eucalyptus) (see SM2). Monitored sites were not identified in the Paraguay, 

Tocantins-Araguaia, and Parnaíba units.

The impact of agricultural activities in the PRN was studied in some field-

based experiments (Lucas and Wendland 2016, Mattos et al. 2019, Sone et al. 2019). 

Page 10 of 64

URL: http://mc.manuscriptcentral.com/hsj

Hydrological Sciences Journal

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

11

For instance, Anache et al. (2017) reported a high concentration of runoff and soil 

erosion in plot-scale studies under natural rainfall in the south-eastern region of Brazil. 

Similar high concentrations have also been observed around the Federal District, 

where seven MBs have been monitored in a small area by the University of Brasília 

and Embrapa (Agricultural Research Centre of the Brazilian Agricultural Research 

Corporation). The purpose of those basins was to strengthen the hydrological data 

network and support strategic decisions regarding the Water Producer Program (WPP, 

Programa Produtor de Águas in Portuguese) coordinated by the National Water 

Agency (ANA, Agência Nacional de Águas in Portuguese) (Lorz et al. 2013, Lima et 

al. 2014). 

The AOR region has five active MBs and four deactivated sites. Together with 

two sites in the SFO hydrographic region, the four deactivated sites in the AOR region 

(ID-18, 19, 22, and 23) compose half of the representative basins installed by 

SUDENE/ORSTOM in the 1960s and 70s. In total, 10 representative basins were set 

up, each one containing a number of small sub-basins (≥ 0.01 km²), totalling 43 

monitored sites (Cadier 1994). The inclusion of all 10 basins in our inventory was not 

possible due to insufficient information in the literature; only the five described in 

Cadier (1994) were included. Given the relevance of that pioneering initiative, we 

made one exception and included the Tauá representative basin (ID-23) in our 

analysis, although it did not fully meet the criteria proposed in the Terminology sub-

section.

Other identified MBs also contain sub-basins (e.g., ID-3). We did not consider 

those sub-basins as separate units, rather only the main representative or experimental 

basins were considered. For example, the Environmental Integrated Basins 

Experiments project, in Rio de Janeiro state, is responsible for monitoring four 
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experimental basins (3–30 km²), three of which are located within a 411 km² 

representative basin. This representative basin and the four experimental basins are 

part of the Piabanha basin (ID-54) located in the ASD region, covering an area of over 

1,000 km². For simplicity and because all four sites are part of the same project, they 

are herein referred to as the Piabanha MB. Another example is the representative basin 

in Sumé (ID-22), which contains three nested basins whose areas range from 10 to 137 

km². 

3.2 Monitored variables and research lines

The information obtained from each documented MB shows that a variety of 

hydrological variables are monitored (Table 1). The most comprehensive assessment 

of the hydrological process is provided by the Capetinga (ID-29, PRN hydrographic 

region), where seven hydrological variables are monitored: P, Q, soil moisture (SM), 

groundwater level (GW), sediment yield (SE), evapotranspiration (ET), and surface 

water quality (WQ). 

INSERT TABLE 1

Table 1 Main variables of the Brazilian monitored basins (P: precipitation, Q: 

discharge, SM: soil moisture, GW: groundwater level, SE: sediments yield, ET: 

evapotranspiration, and WQ: surface water quality).

The most frequently monitored variables in Brazilian MBs are P and Q; only 

four MBs do not monitor both. Almost 40% of MBs monitor (or have monitored) only 

three variables; ET or GW is frequently the third variable in addition to P and Q. ET is 

measured or estimated in 32 MBs, ~53% of the Brazilian total, which is a relatively 

low number, considering that ET is a major output of the water budget (Vinukollu et 

al. 2011, Yao et al. 2017). 
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We identified 24 MBs (40%) that kept a continuous record of WQ data in 

Brazil. Between 1993 and 2010, ~640,000 people were hospitalised in Brazil due to 

contact with contaminated water and insufficient sanitation (IBGE 2012). Despite 

these alarming statistics, around 30% of MBs develop or carry out isolated campaigns 

in “water quality monitoring and assessment” research in Brazil (Fig. 3). Having less 

than half of all field hydrology studies dedicated to that topic is worrisome, and may 

limit a proper understanding of temperature, organic pollution, variability of nutrient 

concentrations, and impact of land use change (Whitehead and Robinson 1993, Vital 

et al. 1999, Shrestha and Kazama 2007, Nóbrega et al. 2018).

INSERT FIG. 3

Fig. 3 Frequency of research topics within Brazilian MB's during the period from 1970 

until 2018. The symbols “M&A” and “M&M” mean “monitoring and assessment” and 

“monitoring and modelling,” respectively.

Sediment yield measurements have been carried out in 17 MBs, in contrast to 

the 71 runoff plot-scale surveys in Brazil (Anache et al. 2017), 1819 catchments 

registered in the US Geological Service (USGS 2018), and 480 catchments available 

from the hydrometric database of the Canadian Hydrological Service (HYDAT 2018).

The three main research lines, identified in more than ~50% of the MBs, are: 

“surface hydrologic modelling,” “hydrometeorology monitoring and assessment 

(M&A),” and “water budget” (Fig. 3). Conversely, “multiphase transport phenomena 

in porous media,” “biogeochemical M&A,” “hydrogeophysics M&A,” and “extreme 

hydrology,” are topics studied in less than 20% of the MBs. It is worrisome that some 

of those topics are poorly studied in the Brazilian MBs. For instance, floods and 

droughts are a serious issue in Brazil, but “extreme hydrology” is studied in only 

~10% of these basins (e.g., Marengo et al. 2013, 2016, Ávila et al. 2016). 
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Existing bias towards some research topics and neglect of others reveal an 

urgent need for new field experimentation in Brazil. A community survey of ~340 

hydrologists with both modelling and experimental backgrounds revealed that model-

assessment procedures, among other modelling-related topics, have less potential in 

providing the necessary information to advance hydrological sciences (Blume et al. 

2017). For example, we did not identify a single basin where the research line 

“environmental fluid dynamics” was developed. In times when science is becoming 

more and more interdisciplinary, it is reasonable to reflect as to whether focusing only 

on traditional topics in hydrology (e.g., water budget, hydrologic modelling, etc) will 

effectively contribute to the advancement of our knowledge in this discipline. 

3.3 Instrumentation and measurement techniques 

Different instruments and methods have been used to monitor hydrological variables 

in the MBs (Table 2). Q has been quantified using chemical tracers, stage gauges, 

acoustic doppler current, among others. ET is most commonly estimated indirectly 

using the Penman-Monteith equation, but in some cases, more accurate methods (e.g., 

lysimeter or eddy covariance) have been applied. The soil water content has been 

monitored by tensiometers, time/frequency domain reflectometry, neutron probes, and 

lysimeters. The number of rain and stream gauges per MB varies from zero to 55, 

leading to more than four gauges per km² in some cases (Table 3; Fig. 4c, SM2). 

INSERT TABLE 2

Table 2 Instruments and techniques used to monitor hydrological variables in the 

monitoring basins.

INSERT TABLE 3

Table 3 Number and classification of rain and stream gauges at each monitoring basin 

identified by the basin ID (from the second to the seventh column).
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INSERT FIG. 4

Fig. 4 Detailed information for each monitoring basin regarding (a) climate 

classification; (b) drainage area; (c) ratio between the number of rain gauges and 

drainage area; and (d) number of monitored years.

The diversity of instruments and measurement techniques available in the MBs 

allows for the development of studies that contribute to a general comprehension of 

the water cycle and the discovery and comprehension of specific processes. For 

example, Almeida et al. (2007) analysed the growth and water balance of the 

Eucalyptus grandis hybrid crop. They determined that eucalyptus trees use water from 

the top layers (the first 60 cm) of soil and that as the trees become older, water-use 

efficiency decreases significantly. Santos et al. (2016) identified that in typical dry 

tropical forest cover, dry spells and the formation of soil cracks were determinant for 

overland flow generation, while vegetation played a secondary role in flow initiation. 

Salles et al. (2018) attributed the GW variation to multiple environmental 

factors in a case study carried out in an agricultural experimental basin in the Brazilian 

central plateau, with the following elements playing the most relevant roles: soil 

porosity, density of soil particles at the surface and at 60 cm depth, silt percentage at 

60 cm depth, and saturated soil hydraulic conductivity at 60 cm depth. On the other 

hand, physical attributes, such as altitude, distance to the basin's outlet, saturated soil 

hydraulic conductivity at 15 cm depth, and bulk density and clay percentage at 60 cm 

depth, presented the highest negative correlations. Mello et al. (2018) highlighted that 

forest cover rates can be used as indicators of stream health in tropical agricultural 

basins after the land cover and land use have influenced the water quality (sediment, 

nutrients, and coliform loads) and quantity (infiltration and runoff rates).
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 3.4 Regional characteristics

According to the Köppen (1936) climate classification, Brazil is mainly covered by 

various tropical climate zones, such as Af, Am, As, and Aw classes (Fig. 4a). Alvares 

et al. (2013) identified that the A zone represents 81.4% of the Brazilian territory, with 

some dry (BSh) and humid subtropical zones (Cfa, Cfb, Csa, Cwa, and Cwb) present 

due to limiting factors such as altitude, rainfall, and temperature. For each climatic 

type, an MB has been studied. Although representing only 15% of the climatic zones 

in Brazil, humid subtropical zones contain 35% of the MBs. On the other hand, 

tropical zones (81% of the country’s area) have 52% of the reported MBs. Semi-arid 

regions (8.4% of the country’s area), where water scarcity is a reality, represent only 

13% of the MB sites found in Brazil. Thus, there is a considerable discrepancy 

between the number of observations in the different climate conditions found in Brazil.

The drainage areas of the MBs range from 0.02 km2 (ID-3, ID-4, and ID-10) to 

563 km2 (ID-58) (Figs. 4b and 5). In total, 41 MBs identified in this study have 

drainage areas less than 20 km², representing 68% of the total. The large number of 

small basins is probably due to the need for better control of hydrological processes at 

this scale. 

INSERT FIG. 5

Fig. 5 Variability of monitoring basins drainage area across Brazilian hydrographic 

regions.

The large number of small basins combined with the considerable quantity of 

available rain gauges provides a significant density for the ground-based precipitation 

monitoring network, resulting in most MBs having at least 0.2 gauges per km² (Fig. 

4c). The MBs in Figure 4c with RG/DA ratios >10 have areas below 1 km². Field 

hydrology studies were not found in Pantanal, one of the six Brazilian biomes. Most of 
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these MBs are located in the Amazon, Caatinga, and Atlantic forest biomes, each with 

~15 MBs. 

Detecting and representing immediate hydrological responses at large scales in 

mathematical models is challenging (Rodriguez et al. 2010). Therefore, disposing of a 

wide ground-based monitoring is necessary for validating such models. Nevertheless, 

fieldwork hydrology is declining worldwide, with a changing of its characteristics 

from discovery science to primally data collection for model parametrisation (Burt and 

McDonnell 2015).  

MBs have been used to assess rainfall spatial homogeneity over small areas. 

Barbosa et al. (2018) observed rainfall homogeneity at four rain gauges analysed in 

the Guaraíra experimental basin (ID-16, AOR hydrographic region). Marques et al. 

(2017) detected a similar seasonal distribution of rainfall in an area of 2,065 km² in the 

Piabanha river basin (ID-54, ASD hydrographic region); however, differences from 

100 mm to 1000 mm were found among three rain gauge measurements in the same 

year. 

3.5 Monitoring time resolution

In general, P and Q are monitored with sub-hourly time resolution. Our review 

identified 353 rain gauges in the MBs with recording intervals ranging from sub-

hourly to daily. From this total, ~82% of the MBs collect data automatically on 

different time scales, with 12% measuring on a daily scale (automatic or manual) and 

13% without information about the data collection interval. Sub-hourly Q monitoring 

was carried out in ~40 MBs. Conversely, we identified only four basins in which Q 

was measured on weekly to monthly time intervals.

The time resolution of GW data also varies from sub-hourly to monthly scales; 

however, such information was not available for most of the basins, 40 in total. Seven 
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MBs present weekly to monthly data, while nine provide sub-hourly information about 

the GW. A similar situation of unavailability of information is reported regarding WQ 

and SM monitoring (see SM2).

If the lack of information regarding the sampling intervals of certain variables 

means a low frequency of field measurements, then it is correct to infer that most MBs 

in Brazil are underexploited, scientifically speaking. Time resolution has a significant 

impact on hydrological study results, especially when the hydrological variable is the 

primary input data for models (e.g., P) (Bruneau et al. 1995). Moreover, high-temporal 

monitoring may reveal unknown environmental impacts (Nóbrega et al. 2018). 

Therefore, increasing the sampling interval might be a major need common to most 

ongoing field activities in Brazil. 

3.6 Temporal distribution

The number of MBs in Brazil has increased in all hydrographic regions over the years 

(Fig. 6). The most significant increase occurred from 2001 to 2015, especially in the 

PRN region. Consequently, almost 70% of the MBs have between (or were active 

during) 1 and 20 years of monitoring, with an average of ~12 years. Four MBs have 

~30 years of monitoring, and three MBs have been monitored for more than 40 years 

(Fig. 4d and Fig. 7. Note that although the timeline in Figure 7 is continuous, there 

have been interruptions in the monitoring history of individual MBs. Since we do not 

have access to the monitoring data of most basins, the timing and duration of the 

interruption(s) could not be displayed.

INSERT FIG. 6

Fig. 6 Distribution of monitoring basins by hydrographic region over the years.

INSERT FIG. 7
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Fig. 7 Monitoring periods for the monitoring basins in each hydrographic region from 

1970 to 2018.

The increase in the number of MBs, which occurred from 2001 to 2010, is 

probably related to the availability of grants provided by Brazilian public research 

agencies (Angelo 2017) during this time period. Likewise, the decrease in the number 

of MBs between 2011 and the present day is probably linked to the reduction of public 

funds for research purposes. See Supplementary Material 1 (SM1) for further 

information about financial support from the Brazilian Federal Government between 

2002 and 2013. 

Budget reports accessed in March 2019 from the Federal Government of Brazil 

(http://www.portaldatransparencia.gov.br/) state that since 2014, there has been no 

specific call for funding from the Water Resources Sectorial Fund (CT-HIDRO), 

whereas 56 million USD were invested between 2002 and 2013 by the CT-HIDRO 

(see SM1). Such facts threaten the continuity of field studies, which relies on long-

term observations to provide better comprehension of hydrological processes 

(Silberstein 2006, Baldocchi et al. 2012, Butler 2014, Pappas 2014).

Figure 8 presents the number of MBs in operation over the years in each 

hydrographic region. Note that no active MB was found in the ASU hydrographic 

region before 2000. In addition, there was a lack of monitoring sites in the ASD 

hydrographic region before 1986 and between 1996 and 2005. 

INSERT FIG. 8

Fig. 8 Number of monitoring basin in operation by hydrographic region.

The start and continuous monitoring periods of each MB are shown in Figure 

7. Basin monitoring programs in Brazil started in the early 1960s with the Juatama 

representative basin (ID-18) being the first of the various representative basins 
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installed by SUDENE in the Brazilian semi-arid region. Monitoring activities occurred 

by means of campaigns rather than continuously over time. In contrast, Europe 

(IHP/HWRP 2010) started monitoring basins almost half a century earlier, in 1924. At 

the end of the 1990s, approximately 30 years later, Brazil had ~20 MBs, with most in 

the PRN and AMZ hydrographic regions. The total number of MBs reached its 

maximum value in the 2000s, when 34 new projects began in all hydrographic regions. 

The monitoring of the newest MB (ID-50) started in 2015 in the ASU hydrographic 

region.

3.7 Overview of basin-scale hydrological studies in Brazil

As part of an effort to promote advances in hydrology, several types of studies (e.g., 

research papers in non-Brazilian and Brazilian journals or proceedings of scientific 

conferences) have been completed (Fig. 9a). Most of the information, knowledge, and 

advances resulting from all the hydrologic monitoring in Brazil have not been widely 

shared with the international community, for example, less than 20% of publications 

related to Brazilian MBs have been published in non-Brazilian journals (Fig. 9). 

Regardless of the fact that some papers published in Brazilian journals are in English, 

the amount of data published in scientific journals is modest (<50%). 

INSERT FIG. 9

Fig. 9 (a) Time-distribution of publication types; (b) publication types by 

hydrographic region. other publication types: institutional and governmental reports, 

websites, and interviews.

Field-based studies in Brazil are part of graduate and undergraduate research 

programs; hence, it is expected that theses, dissertations, and conference papers will 

account for a not-so-modest fraction (~30%) of publications using monitoring data. 

However, our review indicates that these theses, dissertations, and conference papers 
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(usually in Portuguese) do not become peer-reviewed literature for a broader audience. 

Although we do not intend to advocate in favour of the “publish-at-all-cost” 

philosophy that nourishes predatory journals, it is curious and worrisome that more 

than 50% of Brazilian publications present precious observation data that do not cross 

Brazilian borders. 

Recently, a study carried out by Clarivate Analytics for CAPES (Brazilian 

Coordination for the Improvement of Higher Education Personnel, acronym in 

Portuguese) revealed that Brazil is one of the largest producers of research 

publications globally, but in terms of citation impact, Brazilian research publications 

are below the world average (Cross et al. 2018). This probably occurs because most 

studies address local interests published in journals of a limited regional audience or 

are restricted to theses and dissertations. Therefore, the graduate courses in Brazil 

should provide means for publishing papers in journals that reach a wider scientific 

community, including those related to hydrological studies.

The same study performed by Clarivate Analytics also identified that papers of 

high impact in Brazil are usually associated with international research collaborations 

(Cross et al. 2018). Thus, papers from collaborative studies located in strategic regions 

of interest to the wider international hydrology community such as the Amazon 

probably have greater citation impact than studies from other regions of Brazil.

What has prevented the findings in those Brazilian MBs from being shared 

among a wider community? Is the degree of basin instrumentation or the duration of 

monitoring periods insufficient? Or perhaps the poor variety of monitored variables 

and the low number of gauges have limited the applicability of the results produced 

from such MBs.
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We do not intend to suggest that basins with low publication rates are less 

relevant than the others. Our understanding is that every effort to maintain an 

experimental site is commendable, provides valuable information, and has the 

potential to contribute to advances in hydrologic engineering. Our concern is that such 

contribution may not reach the wider community that deals with hydrology and water 

resources in general.

A closer look at the information compiled in SM2 and published literature from 

each of the MBs reveals that long monitoring times and variety of monitoring 

variables are related to the number of publications, although they are not decisive.

Expanding or investing the GW networks or robust ET measuring devices (eddy 

covariance, Bowen ration system, or lysimeter) will likely consolidate ongoing 

experimental studies. However, the most precise instrumentation to monitor each 

hydrological variable will not be sufficient to publish the data if human resources, 

especially doctoral students and postdoctoral fellows, are scarce. Other examples of 

factors that affect scientific productivity based on MB data include steady financial 

income for field research, network engagement (level of commitment), and 

willingness to integrate networks.

3.8 Main findings and advances

The whole point of pursuing field-based studies in hydrology is to advance our 

knowledge of this science. In this section, we seek to summarise the main findings 

resulting from hydrological monitoring programs in Brazil and which problems in 

hydrology the data help to solve. We identified five major topics addressed among the 

field studies in Brazil: runoff generation, sediment transport, spatio-temporal rainfall 

patterns, water quality, impacts of land use and land cover change (LUCC), and 

groundwater recharge. Climate change, in spite of being an important research issue, is 
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not among the most popular topics addressed in the MBs. We identified only eight 

basins that provide data for climate change studies, most of them in the SFO 

hydrographic region and others in the AMZ, AOR, and PRN regions (e.g., Montenegro 

and Ragab 2010, 2012, Melo et al. 2017). There are also specific topics that are 

addressed in a few MBs, for example, recent studies using natural and radioactive 

tracers as tools to investigate and solve hydrological problems (Ferreira et al. 2018a, 

Ferreira, et al. 2018b).

Based on the perspective of 230 scientists from different continents, Blöschl et 

al. (2019) listed 23 unsolved problems in hydrology. Although field hydrology 

researches in Brazil will not likely solve all 23 problems, we were able to identify 55 

MBs whose data may help answer 19 of them. The problem most addressed in 

Brazilian field experiments (42 MBs), and whose definitive answer may come in the 

near future is problem no. 4 (Blöschl et al. 2019): “What are the impacts of land cover 

change and soil disturbances on water and energy fluxes at the land surface, and on the 

resulting groundwater recharge?”

There are more than 25 MBs that may help solve problems related to “Space 

variability and Scaling” (no. 5) and “Modelling methods” (no. 19). Given the types of 

Brazilian climates, we were unable to identify contributions to answer problems from 

Blöschl et al's. (2019) list related to runoff and groundwater change in cold regions 

(no. 2); and runoff produced by rain-on-snow (no. 11). Moreover, problem no. 15 

(impacts of contaminants and removal of microbial pathogens in the subsurface) and 

no. 18 (use of data for building socio-hydrological models and conceptualisations) are 

not yet addressed in Brazilian field experiments (see SM1 for complete list). The 

reader is encouraged to consult the entire list of questions in Blöschl et al. (2019). 
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Experimental studies in the Amazon have contributed to a better understand of 

(i) hydrological processes (Franken et al. 1986, Lesack 1993, Hodnett et al. 1997, 

Wickel et al. 2008); (ii) impact of LUCC (Markewitz et al. 2001, Chaves et al. 2008, 

Dias et al. 2015); (iii) energy balance closure (Gerken et al. 2018); (iv) spatial 

distribution of key hydrological parameters (Cuartas et al. 2012); (v) organic carbon 

fluxes (Johnson et al. 2006, Waterloo et al. 2006), and soil water dynamics under 

different conditions of seasonal rainfall variability in that biome (Broedel et al. 2017).

In semi-arid zones, the main focus has been on rainfall characteristics, runoff 

generation, and sediment production (Srinivasan and Galvao 1995, Cadier 1996, 

Barbosa et al. 2018). The hydrological implications of reforested areas were mainly 

studied in south-eastern Brazil (Almeida and Soares 2003, Almeida et al. 2007, 

Smethurst et al. 2015, Garcia et al. 2018). Monitoring activities in the Brazilian semi-

arid region over the past decades have been the basis of our current understanding 

about runoff generation and water availability in such severe environments (Srinivasan 

and Galvao 1995, Cadier 1996, Santos et al. 2016, Figueiredo et al. 2016, Tiecher et 

al. 2017). Those studies provide insights on the surface-water scarcity of the Caatinga 

biome. The semi-arid zone is seen as one of the top-ranked systems deserving more 

attention and aiming to improve our understanding of hydrological processes (Blume 

et al. 2017). However, such systems have hosted less field experiments than others 

(Burt and McDonnell 2015); hence, MBs in the Brazilian Caatinga become even more 

relevant in that context.

The 10 representative basins (43 micro-basins) resulting from the cooperation 

between SUDENE and ORSTOM are paramount to begin to understand the runoff 

processes in the Brazilian semi-arid region. Those pioneering studies revealed a strong 

interannual irregularity in runoff. According to Cadier (1996), once every three years 
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runoff remains below half the long-term average and is almost null every 10 years. 

Results from the monitoring of the Aiuaba basin, in Ceará state, showed that the 

annual runoff coefficient fell below 0.5% and discharge at the outlet only occurred 

four days per year on average. The most relevant variables to explain runoff initiation 

in the semi-arid region are total precipitation and maximum 60-min rainfall intensity. 

It is possible that surface-flow initiation in the Caatinga biome is strongly influenced 

by root-system dynamics, which changes macro-porosity of the soil and therefore its 

initial abstraction (Figueiredo et al. 2016).

The sediment in its different fractions is monitored in almost 30% of the MBs 

considered here. These MBs are spread across seven hydrographic regions in Brazil. 

The studies developed in this subject at the basin scale calls attention to aspects 

concerning sediment sampling techniques; the role of land use management and 

riparian vegetation on sediment transport in rivers; the development of management 

techniques to control sediment production in the basin; the identification of sediment 

sources; and the calibration and validation of models. Increased sediment transport in 

rivers can be a consequence of the land use planning strategy adopted. The effect of 

soil conservation initiatives in the reduction of the sediment yield at the basin scale is 

significant (Sone et al. 2019). The existence of riparian vegetation may change the 

geochemical composition of sediments, in addition to the reduction of sediment 

transported by streams or rivers (Sone et al. 2019). Thus, sediment yield and transport 

by streams can be managed by understanding the effects of LUCC changes in the 

catchment (Lorz et al. 2013).

Sediment fraction measurements in rivers and streams are challenging, and by 

sampling them, the sediment transport can be better understood (da Silva 2012). 

Additionally, soil erosion and SE estimations can be improved by enhancing model 
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calibrations (Almagro et al. 2019). The development of tracers to identify sediment 

sources and pathways is another important advance acquired when sediment fractions 

are observed (Minella et al. 2008, 2009, Tiecher et al. 2017). Also, geochemical 

studies have been performed to identify whether the sediment source is natural or 

anthropogenic (Silveira et al. 2016). Thus, by using models calibrated from field 

measurements and tracing techniques, it is possible to determine where the sediment is 

generated and to trace its pathway through the basin (Lorz et al. 2013, Marques et al. 

2019).

The national ground-based monitoring network (RIMAS, acronym in 

Portuguese) is composed of only 375 wells sparsely distributed across the country. 

Thus, the knowledge obtained from the MBs in Brazil has played a crucial role in 

providing valuable information about groundwater recharge. Field observations in the 

Onça Creek basin have improved our comprehension of the groundwater recharge 

mechanism of the Guarani Aquifer System (GAS) (Wendland et al. 2007, 2015, 

Rabelo and Wendland 2009, Lucas et al. 2015, Melo et al. 2015, Lucas and Wendland 

2016), one of the largest groundwater reservoirs in the world. More recently, Gómez et 

al. (2018) estimated the response time of the groundwater system to rainfall based on 

spectral and correlation analysis. The study by Mattos et al. (2019) reported a 

groundwater recharge reduction of up to 44% as a consequence of replacing pasture 

with eucalyptus trees. Alternative methods using remote-sensing data to estimate 

groundwater recharge have been tested in the Onça Creek basin (Lucas et al. 2015) 

and in some MBs in the Brazilian semi-arid region (Coelho et al. 2017). The 

groundwater memory effect was found to be important in sustaining Q and ET during 

long dry periods in the Amazon region (Tomasella et al. 2008). 
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The MBs in north-eastern Brazil have provided the data to identify and classify 

rainfall patterns in the semi-arid region (Cadier 1996, Coutinho et al. 2014, Barbosa et 

al. 2018). Moreover, field observations have contributed to linkages between rainfall 

characteristics and their effects on erosion and runoff (Santos and Montenegro 2012, 

Santos et al. 2017). Rainfall monitoring data in the Sesmarias river basin, a eucalyptus 

plantation, have provided new results on throughfall distribution and spatial pattern 

stability over time. Accumulated throughfall/rainfall ratios of more than 140% at some 

points, especially close to tree trunks, were reported by Sato et al. (2011) using three 

sample arrangements. 

Besides reforested areas and semi-arid environments, experiments have also 

been carried out in tropical forests. The intraseasonal and interannual variability of 

rainfall has been shown to have great effect on the hydrology of tropical basins 

(Tomasella et al. 2008). Rainfall monitoring in the Amazon forest has also quantified 

throughfall characteristics (Germer et al. 2006, Cuartas et al. 2007), including water 

chemistry (Germer et al. 2007). For example, it has been shown that the interception 

loss in a year with normal rainfall was nearly 15%, compared to ~23% of gross 

precipitation in a dry year; throughfall exceeded 80% and Q was below 1% (Cuartas et 

al. 2007). 

WQ monitoring in the MBs have (i) enhanced our knowledge of geochemical 

parameters of suspended sediments in rivers in tropical basins (Silveira et al. 2016); 

(ii) improved methodologies to set up monitoring locations more efficiently (Villas-

Boas 2017); identified the most relevant WQ parameters (Villas-Boas et al. 2017); (iv) 

identified stormflow as an important pathway for carbon and nutrient loss (Nóbrega et 

al. 2018); (v) detected high concentrations of nutrients in overland flow, and (vi) 
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showed the importance of forested riparian buffers in reducing solute transfer from 

land to water in tropical basins (Williams et al. 1997).

Moreover, various studies have demonstrated the consequences of LUCC on 

WQ. Replacing natural forest with cattle pasture has been shown to alter nutrient 

concentrations, hydrochemistry, hydraulic, and biogeochemical characteristics of 

stream waters in the Amazon region (Neill et al. 2001, 2006, Ballester et al. 2003, 

Biggs et al. 2004, Wickel 2004, Nóbrega et al. 2018, Nóbrega et al. 2018). In basins 

where clearing is followed by forest burning, overland flow and erosion have been 

shown to increase and contribute to significant loss of solutes from soil surface layers 

(Williams et al. 1997, Markewitz et al. 2001, Oliveira-Filho et al. 2018). 

Solute transport mechanisms have been investigated, and contrasting 

behaviours were found in some MBs. For example, while field observations in three 

Amazonian basins submitted to different treatments did not detect nutrient transport in 

the form of overland or subsurface flow (Markewitz et al. 2001), another experiment 

revealed the important role of rainfall in flushing the solutes from surface soil layers 

(Wickel 2004). Another relevant finding from tropical MBs is that pasture lands 

continue to have important solutes removed from the soil decades after deforestation 

and the onset of the pasture (Chaves et al. 2008, Germer et al. 2009). Moreover, field 

data attests to the importance of riparian zones in controlling transportation of solutes 

to streams (Chaves et al. 2009, Germer et al. 2009).

Consequences of deforestation on water quantity in biomes have also been 

investigated in field experiments. Recommendations regarding the preservation of 

Brazilian biomes and mitigation of degraded areas, aimed at safeguarding water 

resources, are abundant in the published literature from Brazilian field monitoring 
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programs (Chaves et al. 2008, Germer et al. 2010, Neill et al. 2011, Koschke et al. 

2014).

Replacing natural forest with cattle pasture has the potential to reduce 

subsurface flow while increasing surface flow pathways (Chaves et al. 2008, Germer 

et al. 2009, 2010, Hayhoe et al. 2011, Neill et al. 2011). Field-based researches 

showed that LUCC affects ecological and hydrological processes in general (Reichert 

et al. 2017); more specifically, LUCC alters soil hydraulic properties (Elsenbeer et al. 

1999), runoff generation (Zimmermann et al. 2006, Guzha et al. 2015), soil 

compaction and recurrence of perched water tables (Germer et al. 2010), water 

availability for downstream users (Garcia et al. 2018), and decomposition rates of 

native and eucalyptus leaves in riparian zones (Santos et al. 2019). 

Other types of LUCC common in Brazil are natural forest → agriculture or 

natural forest → eucalyptus forest. Converting natural vegetation to agriculture has 

been shown to affect ET (Dias et al. 2015), degrade WQ (Mello et al. 2018), and 

increase Q (Hayhoe et al. 2011, Dias et al. 2015). Conversions from native land use to 

eucalyptus forest or pasture are far more studied in the MBs than natural forest → 

agriculture conversions. 

The actual hydrological impact of natural forest → eucalyptus forest 

conversion is a sensitive topic, with conflicts that involve the cellulose sector. Hence, 

field-based studies in basins under eucalyptus forests are relevant in a very practical 

manner. Published data suggest that (i) water use by eucalyptus trees may be lower 

than that of native species (Almeida and Soares 2003) and (ii) plantation management 

affects the water table (Almeida et al. 2007, Smethurst et al. 2015), but has little 

influence on Q (Smethurst et al. 2015). Compared to degraded grasslands, long-term 
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use of eucalyptus forests was found to be less harmful to the physical quality of soil 

(Reichert et al. 2017). 

4 Concluding remarks and perspectives

In this paper, we presented a review of Brazilian MBs, which includes a wide range of 

basin sizes and experimental basins monitored in association with research institutions. 

Information from MBs across Brazil was compiled from peer-reviewed journals, 

books, theses, dissertations, and personal communications. We identified 60 MBs 

unevenly distributed across the country.

Despite our effort to catalogue every MB in the country, we acknowledge the 

possibility that a few might have gone unnoticed. This may have occurred because, 

sometimes, published material does not contain key words such as “experimental,” 

“representative,” or “field hydrology.” Thus, future updates to our inventory may take 

place with the participation of the broader community. 

The main hydrological variables monitored in the MBs studied in this report 

include: P, Q, SM, GW, SE, ET, WQ. P and Q were the most commonly monitored 

variables. Conversely, WQ parameters and SE were measured in less than 50% of the 

MBs. 

Field hydrology studies in Brazil have barely started compared to those in the 

United States and Europe. In addition, communication of the achieved results and 

analyses have been mostly limited to publications without international impact; only a 

relatively-low number of studies were found in peer-reviewed journals. In some cases, 

this fact seems to be related to insufficient monitoring periods and low numbers of 

monitored variables (basically rainfall and streamflow). However, a short period of 

observation, despite being a limiting factor, is not a decisive one.
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Regardless of these particularities, we found that an essential factor in busting 

field-hydrology-related productivity is the financial support of the Federal 

Government. Between 2002 and 2013, when a large number of resources were 

invested in research, the number of MBs doubled, and the number of published studies 

tripled. Once those investments ceased, the number of new MBs decreased, and 

scientific productivity has oscillated ever since.

Based on our review, the soil moisture content, water quality, sediment 

transport, and erosion are poorly monitored in the MBs catalogued in this study; 

hence, expanding basin instrumentation should be encouraged to study these variables 

and processes. Moreover, it may be time to rethink the research lines developed in 

those sites. Our review indicates that traditional topics in hydrology are found more 

frequently, whereas more interdisciplinary lines are somehow neglected. Monitoring 

groups should consider new research lines, such as “environmental fluid dynamics,” 

“multiphase transport phenomena in porous media,” “biogeochimical monitoring and 

assessment,” “hydrogeophysics monitoring and assessment,” “extreme hydrology,” 

and “water quality monitoring and assessment.”

Field-based studies in Brazil have contributed to a better understanding of the 

hydrological processes in humid and semi-arid regions, as well as how these processes 

interact with agricultural activities and human interference in general. People 

interested in using or producing hydrological ground-based data may ask themselves 

the questions raised in the Introduction and find answers throughout this paper. 

Therefore, this review offers a long-term reference for future field hydrology studies, 

especially in Brazil. 

This paper is also an attempt to improve the knowledge of in situ field studies. 

For this purpose, we propose the creation of a national network of MBs to promote 
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data standardisation, data exchange, transfer, and publication. The exchange of 

experience between Brazilian researchers and the international community could move 

MBs to the next scientific step—promoting better understanding of hydrological 

variables in different climatic regions. Moreover, as mentioned before, international 

partnerships often result in publications with greater impact. Taking into account that 

most studies (~80%) are published in local journals (Section 3.6), collaborative 

partnerships should be encouraged to increase the reach of our findings in the 

international community.

Although there is a consensus about the importance of field hydrology 

experiments (Blume et al. 2017), there is also an imbalance between “outdoor” and 

“indoor” hydrologists, that is, those doing the monitoring and those who wish to use 

the data collected (Allen and Berghuijs 2018). Outdoor hydrologists are required to 

dedicate most of their time in the field to ensure the proper functioning of equipment 

and field experiments. At the same time, the indoor group is analysing data and 

running hydrological models. Therefore, the first group often publishes less than the 

second group. 

The deactivation of various experimental sites in Brazil, contrasted with the 

high number of hydrological-modelling studies, shows that the hydrological scientific 

community of the country also experience the imbalance in publications noted by 

Allen and Berghuijs (2018). In this sense, we share the opinion of Blume et al. (2017) 

in that the greatest challenge for field hydrology is the maintenance of monitoring 

networks; which is why one of this paper’s intents is to foment the creation of a 

national network. Interruption of monitoring activities should be avoided at all costs, 

whereas maintaining MBs as active, especially those with long historical records, 
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should be encouraged. Long-term observations are essential for analysing global 

changes and hydrological trends in the Anthropocene (Blöschl et al. 2019).

In fact, climate change scenarios indicate an increased frequency of extreme 

hydrological events (Fahrenkamp-Uppenbrink 2015). However, it is not clear that the 

ability of the hydrological models to represent those events, which is crucial for 

assessing climate change impacts, is possible. Moreover, uncertainties associated with 

LUCC changes in tropical (Rodriguez and Tomasella 2016) and temperate (McIntyre 

et al. 2014) catchments have challenged the capability of such hydrological models. 

These facts reinforce the need for maintaining active MBs for long periods of time. 

Indeed, recent studies in Brazil have provided new insights on the impact of LUCC on 

hydrological response based entirely on field observations (Cavalcante et al. 2019, 

Delmonte Oliveira et al. 2019).

Regarding the imbalance between “indoor” and “outdoor” hydrologists, 

advancement in data-sharing incentives seems to be a promising alternative. In 

general, hydrologists agree that data should be shared (Allen and Berghuijs 2018, 

Blume et al. 2018). However, the terms and conditions to have this desire materialise 

should allow the data provider to receive proper credit. In this sense, the incentives 

proposed in those two papers may shed some light on a fair collaboration among field 

hydrologists and the “indoor” community of hydrologists.
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Table 1 Main variables of the Brazilian monitored basins (P: precipitation, Q: 

discharge, SM: soil moisture, GW: groundwater level, SE: sediments yield, ET: 

evapotranspiration, and WQ: surface water quality).

Basin ID Name Monitored variable Hydrographic region
1 Asu P, Q, ET, GW, SM AMZ
2 Fazenda Nova Vida P, Q, WQ AMZ
3 Fazenda Rohsamar P, Q, GW, SE, WQ AMZ
4 Grande Creek P, Q, ET, SM AMZ
5 Igarapé Barro Branco P, Q, GW, SM AMZ
6 Jamaxim Tapajós (Forest) P, Q, ET, WQ, SM AMZ
7 Jamaxim Tapajós (Pasture) P, Q, WQ, SM AMZ
8 Lake Calado P, Q, GW, WQ AMZ
9 Maracá - Uraricoera River Q, WQ, SM AMZ
10 Rancho Grande P, Q, GW, WQ AMZ
11 Tarumã-Açu P, Q, ET, GW, SM AMZ
12 Cedro River P, Q, ET ALT
13 Farje P, Q, GW ALT
14 Aiuaba P, Q, ET, GW AOR
15 Gameleira Creek P, ET, SM AOR
16 Guaraíra Creek P, Q, ET, GW, SM AOR
17 Iguatu P, Q, ET, SE AOR
18 Juatama P, Q, ET AOR
19 Mirassol P, Q, GW, WQ AOR
20 São João do Cariri P, Q, ET, SE, SM AOR
21 Serra Negra do Norte P, Q, ET, SE, SM AOR
22 Sumé P, Q, ET, SE AOR
23 Tauá P, Q AOR
24 Alto do Rio Jardim P, Q, ET, GW, WQ PRN
25 Araponga River P, Q, SM PRN
26 Barigui River P, Q, ET PRN
27 Capão Comprido (A) P, Q, ET, SM PRN
28 Capão Comprido (B) P, Q, SM PRN
29 Capetinga P, Q, ET, GW, SE, WQ, SM PRN
30 Forquilha P, Q, WQ PRN
31 Glória Creek P, Q, ET PRN
32 Guariroba P, Q, ET, GW, SE PRN
33 Monjolinho P, Q, WQ PRN
34 Pipiripau P, Q, ET, GW PRN
35 Ribeirão da Onça Creek P, Q, ET, GW PRN
36 Rio Saci P, Q, GW, SE, SM PRN
37 Sarandi Creek P, Q, SE, WQ, SM PRN
38 Tinga P, Q, WQ PRN
39 Buriti Vermelho River P, Q, ET, GW, WQ, SM SFO
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40 Gravatá Creek (A) P, Q, ET, GW, SE, WQ SFO
41 Gravatá Creek (B) P, Q, ET, GW, SE SFO
42 Ibipeba P, Q, ET SFO
43 Jatobá Creek P, Q, ET, GW, SM SFO
44 Juatuba P, Q, SM SFO
45 Riacho do Navio P, Q, ET SFO
46 Amaral Creek P, ET, SM ASU
47 Arvorezinha P, Q, ET, SE, WQ, SM ASU
48 Forest watershed P, Q, ET ASU
49 Grassland watershed P, Q, WQ ASU
50 Lagoa do Peri P, Q, GW, WQ, SM ASU
51 Terra Dura Forest P, Q, SE, WQ ASU
52 Águas Claras P, Q, ET, GW, SM ASD
53 Canta Sapo Creek P, Q, SE, WQ ASD
54 Piabanha P, Q, ET, WQ, SM ASD
55 Santa Maria P, Q, SE ASD
56 Sesmarias River P, Q, SE ASD
57 Lajeado Grande P, Q, GW, SE URU
58 Potiribu P, Q, SE, WQ URU
59 Algodao Creek P, Q, ET, GW AOC
60 Cumaru P, Q, ET, GW, WQ, SM AOC
AMZ: Amazon; ALT: East Atlantic; AOC: Western Northeast Atlantic; AOR: Eastern Northeast 
Atlantic;
ASD: Southeast Atlantic; ASU: South Atlantic; PNB: Parnaíba; URU: Uruguay; SFO: São Francisco;
TOC: Tocantins-Araguaia.
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Table 2 Instruments and techniques used to monitor hydrological variables in the 

monitoring basins.

Hydrological Variable Instruments
Rainfall Automatic and conventional

Streamflow Stage Gauge, Acoustic Doppler Current (ADCP), Weir, Flume, Current 

Meter, Chemical Tracer,

Evapotranspiration Bowen, Penman-Monteith (FAO 56), Class A Pan, Eddy Covariance, 

Lysimeter, Meteorological Station.

Groundwater Automatic and manual

Sediment Fraction (suspended and bed loads), Organic matter

Water Quality pH, temperature, turbidity, electric conductivity, specific condutance, 

alkalinity, color, dissolved oxygen, organic suspended solids, total organic 

fraction, total inorganic fraction, thermotolerant coliforms, nitrogen, 

phosphorus, Solutes, Biochemical Oxygen Demand, potassium, calcium, 

magnesium

Soil Moisture Lysimeter, Neutron Probe, Time/Frequency Domain Reflectometry 

(TDR/FDR), Tensiometer
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Table 3 Number and classification of rain and stream gauges at each monitoring basin 

identified by the basin ID (from the second to the seventh column).

Rain gauge Stream gauge
Number UI Manual Automatic UI Manual Automatic
0 or UI 2 3, 9 15, 46
1 46 4, 37 10, 13, 17, 19, 25, 30, 

33, 34, 36, 38, 51, 57
2, 11, 37 5, 6, 7, 8, 9, 13, 17, 19, 21, 25, 28, 

29, 30, 31, 33, 36, 38, 48, 49, 52, 
53, 55

2 5, 40, 50 4, 59 10, 12, 14, 39, 43, 47, 51, 57
3 15 14, 21, 52, 35, 43, 55 23, 24 1, 16, 32, 35, 58
4 59 6, 7, 12, 27, 28, 31, 

44, 48, 49, 53
3, 27, 40, 41, 60

5 24 8, 16, 20, 22, 32, 39, 
41, 47, 60

42 26

6 1, 29 20
7 26 44
8 56 56
9 34, 45, 54
≥ 10 23 11, 18, 42 54, 58, 45 18 22, 50
UI: Unavailable Information. 
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Fig. 1 Number of publications by year (2009–2018) found in a Scopus database search 

using the following terms: “experimental watershed,” “experimental basin,” 

“experimental catchment,” “representative watershed,” “representative basin,” 

“representative catchment,” and “field hydrology.”

Fig. 2 Distribution of monitoring basins (MBs) across Brazil by hydrographic region.

Fig. 3 Frequency of research topics within Brazilian MB's during the period from 1970 

until 2018. The symbols “M&A” and “M&M” mean “monitoring and assessment” and 

“monitoring and modelling,” respectively.

Fig. 4 Detailed information for each monitoring basin regarding (a) climate 

classification; (b) drainage area; (c) ratio between the number of rain gauges and 

drainage area; and (d) number of monitored years.

Fig. 5 Variability of monitoring basins drainage area across Brazilian hydrographic 

regions.

Fig. 6 Distribution of monitoring basins by hydrographic region over the years.

Fig. 7 Monitoring periods for the monitoring basins in each hydrographic region from 

1970 to 2018.

Fig. 8 Number of monitoring basin in operation by hydrographic region.

Fig. 9 (a) Time-distribution of publication types; (b) publication types by 

hydrographic region (b); other publication types: institutional and governmental 

reports, websites, and interviews.
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Table 1 Main variables of the Brazilian monitored basins (P: precipitation, Q: 
discharge, SM: soil moisture, GW: groundwater level, SE: sediments yield, ET: 
evapotranspiration, and WQ: surface water quality).

Basin ID Name Monitored variable Hydrographic region
1 Asu P, Q, ET, GW, SM AMZ
2 Fazenda Nova Vida P, Q, WQ AMZ
3 Fazenda Rohsamar P, Q, GW, SE, WQ AMZ
4 Grande Creek P, Q, ET, SM AMZ
5 Igarapé Barro Branco P, Q, GW, SM AMZ
6 Jamaxim Tapajós (Forest) P, Q, ET, WQ, SM AMZ
7 Jamaxim Tapajós (Pasture) P, Q, WQ, SM AMZ
8 Lake Calado P, Q, GW, WQ AMZ
9 Maracá - Uraricoera River Q, WQ, SM AMZ
10 Rancho Grande P, Q, GW, WQ AMZ
11 Tarumã-Açu P, Q, ET, GW, SM AMZ
12 Cedro River P, Q, ET ALT
13 Farje P, Q, GW ALT
14 Aiuaba P, Q, ET, GW AOR
15 Gameleira Creek P, ET, SM AOR
16 Guaraíra Creek P, Q, ET, GW, SM AOR
17 Iguatu P, Q, ET, SE AOR
18 Juatama P, Q, ET AOR
19 Mirassol P, Q, GW, WQ AOR
20 São João do Cariri P, Q, ET, SE, SM AOR
21 Serra Negra do Norte P, Q, ET, SE, SM AOR
22 Sumé P, Q, ET, SE AOR
23 Tauá P, Q AOR
24 Alto do Rio Jardim P, Q, ET, GW, WQ PRN
25 Araponga River P, Q, SM PRN
26 Barigui River P, Q, ET PRN
27 Capão Comprido (A) P, Q, ET, SM PRN
28 Capão Comprido (B) P, Q, SM PRN
29 Capetinga P, Q, ET, GW, SE, WQ, SM PRN
30 Forquilha P, Q, WQ PRN
31 Glória Creek P, Q, ET PRN
32 Guariroba P, Q, ET, GW, SE PRN
33 Monjolinho P, Q, WQ PRN
34 Pipiripau P, Q, ET, GW PRN
35 Ribeirão da Onça Creek P, Q, ET, GW PRN
36 Rio Saci P, Q, GW, SE, SM PRN
37 Sarandi Creek P, Q, SE, WQ, SM PRN
38 Tinga P, Q, WQ PRN
39 Buriti Vermelho River P, Q, ET, GW, WQ, SM SFO
40 Gravatá Creek (A) P, Q, ET, GW, SE, WQ SFO
41 Gravatá Creek (B) P, Q, ET, GW, SE SFO
42 Ibipeba P, Q, ET SFO
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43 Jatobá Creek P, Q, ET, GW, SM SFO
44 Juatuba P, Q, SM SFO
45 Riacho do Navio P, Q, ET SFO
46 Amaral Creek P, ET, SM ASU
47 Arvorezinha P, Q, ET, SE, WQ, SM ASU
48 Forest watershed P, Q, ET ASU
49 Grassland watershed P, Q, WQ ASU
50 Lagoa do Peri P, Q, GW, WQ, SM ASU
51 Terra Dura Forest P, Q, SE, WQ ASU
52 Águas Claras P, Q, ET, GW, SM ASD
53 Canta Sapo Creek P, Q, SE, WQ ASD
54 Piabanha P, Q, ET, WQ, SM ASD
55 Santa Maria P, Q, SE ASD
56 Sesmarias River P, Q, SE ASD
57 Lajeado Grande P, Q, GW, SE URU
58 Potiribu P, Q, SE, WQ URU
59 Algodao Creek P, Q, ET, GW AOC
60 Cumaru P, Q, ET, GW, WQ, SM AOC

AMZ: Amazon; ALT: East Atlantic; AOC: Western Northeast Atlantic; AOR: Eastern Northeast Atlantic;
ASD: Southeast Atlantic; ASU: South Atlantic; PNB: Parnaíba; URU: Uruguay; SFO: São Francisco;
TOC: Tocantins-Araguaia.
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Table 2 Instruments and techniques used to monitor hydrological variables in the 
monitoring basins.

Hydrological Variable Instruments
Rainfall Automatic and conventional

Streamflow Stage Gauge, Acoustic Doppler Current (ADCP), Weir, Flume, Current 
Meter, Chemical Tracer,

Evapotranspiration Bowen, Penman-Monteith (FAO 56), Class A Pan, Eddy Covariance, 
Lysimeter, Meteorological Station.

Groundwater Automatic and manual

Sediment Fraction (suspended and bed loads), Organic matter

Water Quality pH, temperature, turbidity, electric conductivity, specific condutance, 
alkalinity, color, dissolved oxygen, organic suspended solids, total organic 
fraction, total inorganic fraction, thermotolerant coliforms, nitrogen, 
phosphorus, Solutes, Biochemical Oxygen Demand, potassium, calcium, 
magnesium

Soil Moisture Lysimeter, Neutron Probe, Time/Frequency Domain Reflectometry 
(TDR/FDR), Tensiometer
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Table 3 Number and classification of rain and stream gauges at each monitoring basin 
identified by the basin ID (from the second to the seventh column).

Rain gauge Stream gauge
Number UI Manual Automatic UI Manual Automatic
0 or UI 2 3, 9 15, 46
1 46 4, 37 10, 13, 17, 19, 25, 30, 

33, 34, 36, 38, 51, 57
2, 11, 37 5, 6, 7, 8, 9, 13, 17, 19, 21, 25, 28, 

29, 30, 31, 33, 36, 38, 48, 49, 52, 
53, 55

2 5, 40, 50 4, 59 10, 12, 14, 39, 43, 47, 51, 57
3 15 14, 21, 52, 35, 43, 55 23, 24 1, 16, 32, 35, 58
4 59 6, 7, 12, 27, 28, 31, 

44, 48, 49, 53
3, 27, 40, 41, 60

5 24 8, 16, 20, 22, 32, 39, 
41, 47, 60

42 26

6 1, 29 20
7 26 44
8 56 56
9 34, 45, 54
≥ 10 23 11, 18, 42 54, 58, 45 18 22, 50

UI: Unavailable Information. 
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Fig. 1 Number of publications by year (2009–2018) found in a Scopus database search using the following 
terms: “experimental watershed,” “experimental basin,” “experimental catchment,” “representative 
watershed,” “representative basin,” “representative catchment,” and “field hydrology.”
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For Peer Review OnlyFig. 2 Distribution of monitoring basins (MBs) across Brazil by hydrographic region.
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Fig. 3 Frequency of research topics within Brazilian MB's during the period from 1970 until 2018. The 

symbols “M&A” and “M&M” mean “monitoring and assessment” and “monitoring and modelling,” 

respectively.
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Fig. 4 Detailed information for each monitoring basin regarding (a) climate classification; (b) drainage area; 
(c) ratio between the number of rain gauges and drainage area; and (d) number of monitored years.
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Figure 5

Fig. 5 Variability of monitoring basins drainage area across Brazilian hydrographic regions.
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Fig. 6 Distribution of monitoring basins by hydrographic region over the years.
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Fig. 7 Monitoring periods for the monitoring basins in each hydrographic region from 1970 to 2018.
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Fig. 8 Number of monitoring basin in operation by hydrographic region.
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For Peer Review OnlyFig. 9 (a) Time-distribution of publication types; (b) publication types by hydrographic region; other 
publication types: institutional and governmental reports, websites, and interviews.
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