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Chapter 9

The contribution of hydropedological assessments to the 
availability and sustainable management of water, for all 
(SDG #6)

Johan van Tol, Simon Lorentz, George van Zijl and Pieter le Roux

Introduction

Sustainable water resources are vital to human health, food security and poverty eradication, yet 
more than 2 billion people are aff ected by water stress (United Nations 2017). The UN Sustain-
able Development Goal number 6 (SDG#6) strives to “Ensure availability and sustainable man-
agement of water and sanitation for all” by 2030. The SDG#6 defi nes  six specifi c targets (Table 
9-1), with measurable indicators of progress towards achievement. The targets include inter alia; 
improving water quality by reducing pollution and treating polluted water, increasing water use 
effi  ciency of all sectors, protecting and restoring water-linked ecosystems and implementing In-
tegrated Water Resource Management (IWRM) at all levels. Eff ective IWRM requires a compre-
hensive approach which considers the entire hydrological cycle and recognizes the intimate re-
lationship between surface and groundwater at diff erent spatio-temporal scales (Savenije & van 
der Zaag 2008, Lorentz et al. 2003). In the highly variable water regimes of arid and semi-arid 
areas, IWRM necessitates the accurate analysis and characterization of hydrological processes. 
This should include identifi cation, defi nition and quantifi cation of the pathways, connectivities, 
thresholds and residence times of water at various spatio-temporal scales. Once these processes 
are accurately represented in hydrological models, they can assist in water resource prediction, 
and improve water use effi  ciency. Furthermore, the infl uence of land-use change, water quality 
and quantity can be predicted, and low fl ow mechanisms as well as the impact of climate change 
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6.1 By 2030, achieve universal and equitable access to safe and affordable drinking water for 
all
6.2 By 2030, achieve access to adequate and equitable sanitation and hygiene for all and 
end open defecation, paying special attention to the needs of women and girls and those in 
vulnerable situations
6.3 By 2030, improve water quality by reducing pollution, eliminating dumping and minimizing 
release of hazardous chemicals and materials, halving the proportion of untreated wastewater 
and substantially increasing recycling and safe reuse globally
6.4 By 2030, substantially increase water-use efficiency across all sectors and ensure sustain-
able withdrawals and supply of freshwater to address water scarcity and substantially reduce 
the number of people suffering from water scarcity
6.5 By 2030, implement integrated water resources management at all levels, including through 
transboundary cooperation as appropriate
6.6 By 2020, protect and restore water-related ecosystems, including mountains, forests, wet-
lands, rivers, aquifers and lakes
6.a By 2030, expand international cooperation and capacity-building support to developing 
countries in water- and sanitation-related activities and programmes, including water harvest-
ing, desalination, water efficiency, wastewater treatment, recycling and reuse technologies
6.b Support and strengthen the participation of local communities in improving water and san-
itation management

Table 9-1. The United Nations’ Sustainable Development Goal 6 and associated targets.
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on available water resources estimated (Wenninger et al. 2008) and thereby contribute to meeting 
the targets of SDG#6. 

Ideally, hydrological models should be developed based on observations, measurements and 
quantifi cation of key hydrological processes. These processes are often however, diffi  cult to 
observe, dynamic in nature with strong spatio-temporal variation, thus making most direct meas-
urements expensive and tedious (Park & Van de Giesen 2004, Ticehurst et al. 2007). There is 
therefore a great need to predict hydrological processes, especially in areas with no or limited 
hydrological measurements; the typical situation in most developing countries, which are most 
strongly aff ected by water scarcity and pollution. The challenge for predictions of hydrological 
processes and IWRM in areas without measurements (Predictions in Ungauged Basins – PUB) 
is to embrace interdisciplinary approaches to identify new indicators of hydrologic theories and 
organizing principles behind the hydrological behaviour of catchments (McDonnell et al. 2007). 

Soils have the ability to ‘store, fi lter and transform nutrients, substances and water’; one of 
the seven soil functions (European Commission 2006). This function enables soils to provide 
valuable ecosystem services such as fl ood mitigation, fi ltering of nutrients and contaminants and 
detoxifi cation of wastes. Without these services achieving SDG#6 will not be possible (Keesstra 
et al. 2016). This function also makes soil a fi rst order control on hydrological processes through 
portioning of fl owpaths and infl uencing residence time distributions (Soulsby et al. 2006). Water, 
on the other hand, is a primary agent in soil formation and the water regime of a soil is often 
visible in its morphological properties. This two-way interaction between soil and water serves 
as basis for the relatively new interdisciplinary research fi eld called hydropedology, which aims 
to bridge gaps between pedology, soil physics, hydrology and geomorphology from the soil pore 
to landscape scales (Lin 2003).

Hydropedology emphasizes that soils both control hydrological processes (through hydraulic 
properties) and serve as indicators of hydrological behaviour (through interpretation of morpho-
logical properties). Hydropedology can therefore play a key role in realizing some of the targets 
associated of with SDG#6 (Bouma 2016), especially targets 6.3, 6.4, 6.5, 6.6 and 6.b (Table 9-1). 

In this chapter, we will discuss how hydropedological information and applications can con-
tribute to 1) pollution management, 2) protection of water linked ecosystems and 3) improving 
water use effi  ciency, using published literature and focusing on eight case studies from our ex-
perience. The examples presented include hydropedological studies on soil horizons, profi les, 
hillslopes and catchments. We also demonstrate how hydropedology can be an important tool 
in bridging diff erent scales though upscaling from plot to management scale using Digital Soil 
Mapping in order to implement IWRM. 

Hydropedology and pollution management (SDG 6.3)

Characterization and quantifi cation of preferential fl ow
The ability of soils to fi lter and purify water depends not only on the adsorption capacity (as-
sociated with organic carbon, texture and CEC), but also on fl ow rates through the soil. Often 
water and solutes migrate through the larger pores while bypassing the soil matrix. This is termed 
bypass fl ow, macropore fl ow or preferential fl ow and is defi ned as the phenomena where ‘wa-
ter and solutes move along certain pathways, while bypassing a fraction of the porous matrix’ 
(Hendrickx & Flury 2001). Preferential fl ow can have an enormous impact on water quality and 
consequently on water-related ecosystems and human health. Agricultural contaminants such as 
fertilizers, pesticides, toxic trace elements; radionuclides from nuclear waste facilities; and other 
pollutants from waste disposal sites, septic tank effl  uent and mine tailings can be transported 
over vast distances at rates exceeding predictions with Richards’s equation, without being in 
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contact with the soil matrix, where degradation of the potential toxins normally occurs (Bouma 
1979, Bouma 1991). Preferential fl ow infl uences water fl ow through landscapes to such an extent 
that it can alter the residence time and cause diffi  culties in predicting water releases into streams 
and groundwater bodies. This is especially problematic in ungauged catchments, when data for 
calibrations of hydrological models are unavailable.

Preferential fl ow typically occurs between soil structural units, in root channels or macropores 
created by soil fauna (e.g. Mooney & Morris 2008, German et al. 2012, Pennisi 2015). These 
properties are not captured in ‘ground-and-sieved’ soil samples or small soil cores/columns (Ma 
et al. 2017), but are typically described in pedological surveys and in situ profi le descriptions. 
Jarvis et al. (2012) argued that parameters for models predicting preferential fl ow and solute 
transport should include pedological descriptions and available soil survey data (e.g. soil types, 
structure, organic matter and pH). This can guide the elementary volume of a sample to measure 
saturated hydraulic conductivity (Ks) (Lauren et al. 1987), as well as facilitate the development 
of PedoTransfer Functions (PTF’s) (Bouma 1989, van Loon et al. 2017). Several continuous 
and class PTF’s to estimate preferential fl ow have been developed using a combination of easily 
measureable soil properties (such as clay and organic matter contents) and pedological descrip-
tions (master horizons, WRB soil groups, structure size-and grade and land-use (e.g. Bouma et 
al. 1996, Jarvis et al. 2009, Koestel et al. 2011, van Tol et al. 2012). The inclusion of pedological 
soil descriptions led to more realistic parameterization and confi guration of models which have 
been applied to quantify preferential fl ow and solute transport more accurately; for example 
nitrate leaching (Bouma et al. 1996), transport of dissolved phosphorus (Akhtar et al. 2003), 
pesticide leaching to groundwater (Balderacchi et al. 2008) and leaching of faecal contaminants 
(Aislabie et al. 2001). In-situ descriptions of hydropedological properties and processes (inten-
sity parameters – e.g. estimated hydraulic conductivity and redox potential), can further lead to 
the development of more realistic and extrapolatable PTF’s (Horn & Kutilek 2009) and thereby 
contribute to achieving SDG target 6.3.

Conceptualization of contaminant pathways
Hydrological fl ow paths infl uence the fate of contaminants in landscapes, through guiding water 
through areas with diff erent reactant availabilities and adsorption abilities. The hydropedological 
interpretation of spatially varying soil properties can be used to identify dominant pathways of 
water through the landscape. This can be used to identify ‘hot-spots’ where contaminants will 
accumulate and where monitoring and rehabilitation activities should be focused. 

Case 1 – Point source pollution: In the Highveld of South Africa, a hydropedological assess-
ment revealed that contaminants (excessive Cl, Cu, Fe and Zn) from a localized spill could be 
traced according to water fl owpaths determined from interpretations of the soil morphology, 
supported by selected hydraulic and chemical property measurements (Fig. 9-1). Where the spill 
occurred, Leptosols and Ferralsols without any indications of saturation (grey, low chroma co-
lours and redoximorphic mottles) suggested that vertical fl ow was the dominant fl owpath in this 
region (Fig. 9-1A). Auger observations and borehole logs revealed however that the fractured 
rock became solid approximately 4 m below the surface and lateral discharge on the fractured/
solid rock interface is likely (Fig. 9-1B). This was confi rmed by the increase in redoximorphic 
properties in Plinthosols downslope. 

The gleyic horizons in the valley bottom are an indication of very long periods of water sat-
uration, likely due to the constant supply from the fractured rock. This particular gleyic horizon 
had a clay content of 53% and a Ks smaller than 0.5 mm.h–1 and therefore acted as a ‘clay plug’ 
which forced lateral fl owing water upward (Fig. 9-1C). During the rainy season the contaminant 
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rich water in the plinthic horizon returns to the surface (Fig. 9-1D), causing overland fl ow (Fig. 
9-1E) and a decline in surface water quality. It was postulated that the gleyic horizon will adsorb 
some of the lateral draining contaminants and the transition between the fractured rock and gley-
ic horizon will be a ‘hot-spot’ where remediation should focus (Fig. 9-1F). Chemical analysis 
of the soils showed elevated levels of Cu, Fe, and Zn in the gleyic horizon and plinthic horizon. 
The hydropedological interpretation of soil morphology, in combination with soil hydraulic and 
chemical measurements assisted in identifi cation of areas where phytoremediation and monitor-
ing should focus. 

Case 2 – Biological contaminant migration: In the KwaZulu Natal Province of South Africa, 
hydropedological assessments were conducted to assist with understanding the conditions and 
processes, which can lead to the migration of pollutants from onsite dry sanitation systems (Lo-
rentz et al. 2015). Freely drained Ferralsols (absence of morphological indications of saturation 
throughout the profi les) with high conductivities (Ks > 50 mm.h–1), dominated upper slopes of 
the studied transect (Fig. 9-2(2)). Gleysols (dominated by hydromorphic morphology) in the 
valley bottom indicated that these soils were saturated for signifi cant periods (Fig. 2-4), suppos-
edly fed by lateral discharge of infi ltrated water via a bedrock fl owpath (Fig. 9-2(2), Fig. 9-2(3)). 
The hydropedological assessment suggested that faecal coliforms and nutrients from sanitation 
systems in upslope positions will migrate relatively fast through the soil profi les during sporadic 
rainfall events and into the underlying bedrock (Fig. 9-2(1)), from where it will gradually drain 
towards the valley bottom and accumulate in the gleyed soils. Biochemical analysis support the 

Fig. 9-1. Conceptual hydrological flowpaths derived from a transect soil survey to determine the migration 
routes of pollutants.
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conceptual understanding of hydrological fl owpaths derived from hydropedological interpre-
tation of the soils. Nitrate levels were low in the freely drained soils of upslope positions but 
reached 91 mg.l–1 in the toeslope following a heavy rain event. Similar trends were observed in 
E. coli concentrations where high levels (18600 MPN. 100 ml–1) were only observed in toeslope 
positions.

Based on these two case studies, it is clear that hydropedology can play an important role in 
understanding migration paths and identifi cation of accumulation areas of pollutants. This can 
aid in the selection of appropriate remediation measures as well as eff ective monitoring actions 
and thereby contribute to SDG target 6.3.  

Protection and management of water-linked ecosystems (SDG 6.6)

The protection and management of water-linked ecosystems requires holistic understanding, 
characterisation and quantifi cation of prominent processes of the hydrological cycle. Hydrope-
dology can contribute towards this, for example; the improved understanding of the hydropedol-
ogy of the Palouse region in the USA, had signifi cant implications for addressing groundwater 
recharge and regional soil erosion problems (Brooks et al. 2012). In coastal temperate rainforest 
of North America, hydropedological units were used to bridge gaps between soil and wetland 
delineations and biochemical functioning, as well as upscaling biogeochemical fl uxes from plot 
to watershed scale (D’Amore et al. 2012). In Australia, hydropedology in combination with geo-
morphology and geohydrology were used to understand and manage waterlogging and salinity 
(MacEwan et al. 2012). Several other examples exist of the application of hydropedology in the 
protection and management of water-linked ecosystems, but here we will focus the contribution 
of hydropedology to wetland protection and restoration and characterization of groundwater/
surface water interactions, focussing on three South African case studies. 

Fig. 9-2. Conceptual hydropedological response model of migration of pollutants from onsite dry sanitation 
systems (adapted from Lorentz et al. 2015).

IUSS_09_2018.indd   5 19.06.2018   11:02:08



uncorrected proofs

6       Chapter 9     Johan van Tol, Simon Lorentz, George van Zijl and Pieter le Roux

Wetland protection and restoration
The rapid and continuous loss and degradation of wetlands, largely due to anthropogenic ac-
tivities, threaten human and ecosystem health and the loss of goods and services provided by 
these ecosystems (Millennium Ecosystem Assessment 2005). Land-use change (e.g. open-cast 
mining, urbanization and aff orestation), alter natural hydrological fl owpaths and the connectiv-
ity between various fl owpaths and can therefore signifi cantly change wetland water regimes. In 
many areas (especially semi-arid areas), sub-surface lateral fl ow through the vadose zone is the 
dominant process responsible for streamfl ow generation process and sustaining wetlands (Retter 
et al. 2006). In recognition of this the South African Department of Water and Sanitation (DWS) 
now endorses hydropedological assessments as part of the Environmental Impact Assessments 
before drastic land-use change may occur. Such an assessment involves the description of dom-
inant hydropedological fl owpaths and evaluation of the potential impact of the land-use change 
on these pathways and their connectivities.

Case 3 – Wetland protection: In a typical example, a coal mine in the Eastern Highveld of 
South African embarked on expanding their activities through a hillslope seep. The Department 
of Water and Sanitation (DWS) wanted to know what the impact of mining through the hillslope 
seep will be on the water regime of a large valley bottom wetland of considerable local impor-
tance. A transect hydropedological survey was conducted and the pedosequence is presented 

Fig. 9-3. Pedosequence of representative soil profiles and their hydrolopedological behaviour of a hillslope in 
the Eastern Highveld of South Africa.
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in Figure 9-3. Freely drained oximorphic soils (Farralsols) dominate the crest position and the 
absence of hydromorphic properties suggest that the underlying material is permeable and verti-
cal drainage through and out of the profi le is dominant (Fig. 9-3(1) and 9-3A). Downslope, grey 
low chroma colours and red and yellow mottles at the soil/bedrock interface of the Plinthosols 
indicates periodic saturation and a decrease in the permeability of the bedrock (Fig. 9-3(1), 9-3B 
and 9-3i). Lateral fl ow at the soil/bedrock interface is dominant at this position. The lateral ups-
lope contribution and shallower soil depth at profi le C results in grey matrix colours close to the 
surface (Fig. 9-3(3) and 9-3C). As the storage capacity of this profi le is exceeded water returns to 
the surface, visible as a hillslope seep with hydrophytic vegetation. Rusty root channels in a grey 
matrix are also present (Fig. 3-ii), which can serve as an indication of long periods of saturation 
(Vepraskas 2001).

Below the seepage zone, the soils also exhibit rusty root channels in a grey matrix (Fig. 9-3D 
and 9-3ii), however, hydromorphic indicators decrease with depth, with only red and yellow 
mottles in a yellow matrix present at the soil/bedrock interface (Fig. 9-3D and 9-3iii). The soils 
are also considerably deeper (>2500 mm compared to 1200 of profi le C). The interpretation is 
that overlandfl ow from the seepage face causes saturation in the topsoils (Fig. 9-3 and 9-4), but 
only limited lateral contributions of water is received from upslope. Supporting evidence is the 
oximorphic nature of the Ferralsol in Fig. 9-3E. In the toeslope (Plinthosol in Fig. 9-3F) and 
valley bottom (Gleysol in Fig. 9-3G) grey matrix colours and yellow mottles are present (Fig. 
9-3iv), indicating saturated conditions. Dark surface horizons in profi le G, signify the accumu-
lation of organic material, which is typically an indication of anaerobic conditions in semi-arid 
areas (Vepraskas & Linbo 2012), this is supported by a water-logged profi le, two weeks after 
opening (Fig. 9-3v). In this hillslope the soils of the lower slopes are fed by water from either the 
stream or groundwater and not through lateral draining vadose zone water originating from the 
crest and upper midslope positions. 

In this particular case the hydropedological investigation showed that mining through the 
seepage zone will not impact the downslope wetland drastically. Other sites, with diff erent dom-
inant fl owpaths (see Fig. 9-5), will require alternative measures (e.g. buff er zones and artifi cial 
recharge areas) to preserve the wetlands. The dominant fl owpaths can be identifi ed using hy-
dropedological assessments.

Case 4 – Wetland restoration: A combination of geophysical, hydrometrical and hydropedo-
logical approaches were used to characterize hydrodynamic response of a headwater wetland of 
the Sand River in the north east of South Africa as part of technical restoration of degraded wet-
lands (Riddell et al. 2010 and Riddell et al. 2012). The hydrodynamic behaviour of the wetland 
was largely controlled by clays which were eluviated from upslope land segments and accumu-
lated in the wetland through illuviation. These clays forms aquicludes which separate seasonal 
vadose zone water from deeper groundwater. Incisioning of these clay plugs resulted in hydrau-
lic drawdown of seasonal water and alteration of the wetland water regimes. By installation of 
rehabilitation control structures the hydrodynamic response of the system could be restored. The 
correct placement of these structures are however of paramount importance (Riddell et al. 2012). 
This hydropedological assessment highlighted the importance of robust conceptual models of 
wetland processes to facilitate appropriate and eff ective rehabilitation measures. 

Hydropedological assessments can assist in comprehensive ground-truthing of wetland sys-
tem behaviour. This is important for protecting and restoration of wetlands in line with SDG 
target 6.6. 
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Groundwater/surface water interactions and environmental water 
requirements (SDG 6.5)

Ecosystem-based management of water resources requires integrative assessment tools to deter-
mine the impact of diff erent levels of water use on society, industry, biodiversity and agriculture. 
One such tool is to determine the environmental water requirements (EWRs), which is the water 
requirements to maintain aquatic ecosystems at diff erent levels of ecological condition. Charac-
terization of exchange processes and fl ow rates between groundwater and surface water forms 
an integral part of water resource management and determining EWRs (Kalbus et al. 2006). 
Methods to determine EWRs of perennial rivers are well established e.g. Downstream Response 
to Imposed Flow Transformation (DRIFT; King et al. 2014). 

Case 5 – Regional modelling: Recently, an eff ort was made to determine EWRs for non-pe-
rennial rivers (DRIFT-ARID; Seaman et al. 2016). This method was tested using an integrated 
groundwater surface water model (MIKE-SHE) in the Mokolo River catchment, South Africa 
(Prucha et al. 2016). Regional soil information (Fig. 9-4A) was hydropedologically interpreted 
based on the distribution of soil forms, their vertical sequence of horizons and associated prop-
erties. The 8437 km2 catchment was divided into zones with diff erent groundwater/surface water 
interactions based on these interpretations (e.g. ‘shallow recharge’ – in mountainous areas with 
shallow permeable soils and ‘deep interfl ow’ – where soils overly slowly permeable bedrock 
with lateral fl ow dominating at the soil/bedrock interface) (Fig. 9-4B). 

The hydropedological soil information was an important building block for model confi gura-
tion in this area with very limited hydrometric measurements (Prucha et al. 2016).

Fig. 9-4. Conversion of regional soil information (A) to hydropedological zones (B). Different coloured poly-
gons in A represent different land types – areas with different climates, geologies and soil distribution pat-
terns, which can be demarcated on 1:250 000 scale.
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Case 6 – Hillslope classifi cation: The hillslope or catena is generally accepted as a fundamental 
landscape unit where the interaction between topography, soils, climate and vegetation results in 
patterns or laws which contain valuable information on their hydropedological functioning (Siv-
apalan 2003). How catchments respond is determined by the particular mix of diff erent hillslopes 
(shapes and sizes) in the particular catchment. After conducting hydropedological surveys on 52 
hillslopes covering a range of geographical, geological and climate regions in South Africa, van 
Tol et al. (2013) classifi ed six hillslope response classes refl ecting diff erent groundwater surface 
water interactions (Fig. 9-5).

The hillslope classifi cation was based on the occurrence and coverage of diff erent hydrologi-
cal soil types on the studied hillslopes (Fig. 9-5). The grouping of the soils on the studied slopes 
into hydrological soil types as defi ned in Figure 5 was based on interpretations of soil morphol-
ogy and was, in many cases, supported with soil hydraulic and hydrometric measurements. The 
graphs in Fig. 9-5 refl ect typical hillslope hydrographs associated with the various response 
classes.

Class 1 is dominated by soils overlying slowly permeable bedrock which restricts vertical 
drainage to the bedrock. The downslope accumulation of water, causes saturation in the valley 
bottom and the generation of saturation excess overland fl ow. Class 2 hillslopes are dominated 
by shallow soils with limited storage capacity, which promotes overland fl ow across the most of 

Fig. 9-5. Hydrological soil types and hillslope response classes (van Tol et al. 2013).
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the slope during signifi cant rainfall. Hillslopes with soils prone to surface sealing, which gen-
erate infi ltration excess overland fl ow will also fi t in this class. In many hillslopes in semi-arid 
areas, groundwater and surface water are not connected. Class 3 hillslopes (Fig. 9-5) present 
such an example, where recharge to the groundwater or fractured rock aquifer is dominant but 
not connected to the stream. In Class 4 hillslopes, recharge is dominant on the upper slopes, but 
feeds wetlands and streams downslope (similar to the slope in case study 2 – Fig. 9-2). Return 
fl ow to the soil from the groundwater or fractured rock aquifers occurs in midslope positions and 
promotes lateral fl ow (Class 5 hillslopes; see case study 1 – Fig. 9-1 and case study 4 – Fig. 9-3). 
In the last case, Class 6, rapid near surface lateral fl ow is the dominant streamfl ow generation 
process as indicated by bleached eluvial horizons at the A/B horizon interface. 

Although this hillslope hydrological response classifi cation system only presents qualitative 
descriptions of fl ows, it can be used to as basis for quantifi cation of EWRs, confi gure distributed 
catchment scale models, and assist with assessing the impact of land-use change, especially in 
ungauged areas (van Tol & Lorentz 2018).

Case 7 – Model development: Commensurate with the development of hydropedology as a 
science in South Africa, hydrological models have been modifi ed to allow for the added benefi t 
aff orded by the hydropedological information (Jewitt et al. 2009). The ACRU Agrohydrological 
Model (Schulze 1995) is a deterministic, process based catchment model, which includes a water 
balance in a three layer system, comprising A- and B-Soil Horizons and a Groundwater store. A 
further intermediate layer was added between the B-Horizon and the Groundwater store to repre-
sent deep soils, saprolite layers and the interface between soil and bedrock, where critical lateral 
and vertical fl uxes are often controlled in semi-arid catchments. The intermediate layer included:

 A saturated threshold response, based on the water retention characteristic of the intermedi-
ate layer material, to allow for the initiation of lateral discharge to downslope land segments 
or stream, as well as seepage into a groundwater store,

 The model was further modifi ed to allow for a series of profi les or land segments to be 
linked in a cascading hillslope system,

 The lateral responses from the intermediate layer and groundwater store (and later even the 
soil horizons) to any downslope layer, were controlled by time distribution of discharge 
response functions, typical of geology, slope and soil characteristics.

The linking of lateral responses to downslope land segments in a user specifi ed network ac-
cording to information generated from hydropedological studies is illustrated in Fig. 9-6. Lateral 
and vertical discharge from the intermediate layer is triggered when the water retention volume 
in the layer exceeds the equilibrium water retention and positive pressures are developed at the 
soil/bedrock interface. Responses from all layers are controlled by a unit response function (ei-
ther an exponential function; advection-dispersion function (ADF) or dual source ADF), which 
are derived using hydropedological and hydraulic observations.

The modifi ed model has been used in numerous studies (Jewitt et al. 2009, Riddell et al. 2014, 
van Tol et al. 2015) which demonstrate the value of the hydropedological information and the 
contribution towards IWRM (SDG target 6.5).

Improving water use efficiency (SDG 6.4)

Agriculture accounts for 92% of the world’s freshwater use (Hoekstra & Mekonnen 2012), and 
as we strive to ensure food security (SDG#2), we will have to improve and protect soil’s ability 
to store and supply water through better soil and water management practices (Keesstra et al. 
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2016). Precision agriculture allows in principle the cultivation of the right crop on the right 
soil and the right quantity of water, nutrients and pesticides at the right time and place, thereby 
restricting losses (Bouma 2014, Stoorvogel et al. 2015). Eff ective precision agriculture relies 
on the management of complex interactions between socio-economic, environmental and soil 
factors. Hydropedology can contribute to precision agriculture by defi ning typical water regimes 
of soils in a cost eff ective manner. This contribution can be especially signifi cant in semi-arid 
areas, where water availability is the key factor contributing to crop growth. 

Van Huyssteen et al. (2005) showed that there are signifi cant diff erences in the annual dura-
tion of saturation (≥ 0.7 of porosity) between diff erent diagnostic horizons, using long term water 
content measurements in the Weatherley research catchment, South Africa (Fig. 9-7). Surface 
horizons overlying freely drained soils (ot(d)), is typically the driest, followed by oximorphic 
neocutanic (ne) horizons. Although red apedal (re) and yellow-brown apedal horizons (ye) have 
the same hydraulic properties, there is a signifi cant diff erence in their duration of saturation, 
highlighting the importance of morphological descriptions (in this case colour) in understanding 
water regimes. There is considerable variation in the duration of saturation in albic horizons (gs). 
Gleyed horizons (uw and gh) and their associated surface horizons (ot(w)), are saturated at or 
above 0.7 of porosity the longest.

Such information can be used (in combination with other information) to determine the appro-
priate crop, planting density, yield estimates and therefore water and agrochemical application 
rate for a specifi c area.

Fig. 9-6. Modifications to ACRU from hydropedological studies; Subsurface layer linkages in the hillslope-
based catchment hydrology model.
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Rainwater can be used more effi  ciently if crops can make use of natural hydrological process-
es. Ticehurst et al. (2007) used soil morphology (especially colour and the presence of redox 
concretions) as a cost eff ective option to characterize water fl owpaths on a hillslope in south 
eastern Australia. They identifi ed areas and depths where signifi cant water accumulation occurs 
based on interpretation of soil morphology and other measurements. These areas can be used 
to ‘harvest rainwater’ through planting tree belts, thereby improving water-use effi  ciency and 
sustainability of agroforestry practices.

Criteria for the suitability of In-fi eld rainwater harvesting (IRWH) for cultivation of maize 
and sunfl ower in South Africa, were derived from hydropedological interpretations of soil pro-
fi les (Le Roux & Hensley 2012). For example, soils with hydromorphic properties occurring 
shallower than 700 mm were disqualifi ed for IRWH, whereas the occurrence of these properties 
deeper than 900 mm is advantages as it signifi es improved storage capacity with limited risk of 
waterlogging.

Hydropedological interpretations can assist in deriving typical hydrological responses of dif-
ferent soils. This can assist in more eff ective management of the soils and contribute to improved 
water use effi  ciency (SDG target 6.4).

Upscaling hydropedological properties and processes for IWRM 
(SDG 6.5)

In hydrological studies, we often collect data (e.g. soil hydraulic properties or water table depths) 
and monitor at pedon scale, but model watersheds to derive real processes. Upscaling from 
pedon to watershed scale requires mapping (Ma et al. 2017). Digital Soil Mapping (DSM) can 
provide important spatial input to hydrological models such as the distribution of hydraulic prop-

Fig. 9-7. Number of days per year that different diagnostic horizons are saturated at or above 0.7 of porosity 
(van Huyssteen et al. 2005).
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erties over the watershed, connectivity of subsurface fl ow mechanisms and identifying areas 
susceptible to erosion. However, sets of soil characteristics reported in a grid format do not 
refl ect actual hydrological processes necessitating the identifi cation of hydropedological func-
tional units (Gillin et al. 2015, Ma et al. 2017). Hillslopes are the smallest entity for holistically 
studying hydrological processes and the hillslope classes presented in Figure 5 can serve as 
hydropedological functional units.

Case 8 – DSM and modelling: Van Zijl & Le Roux (2014) used expert knowledge DSM to 
create a hydrological soil map for the 4001 ha Stevenson-Hamilton Research Supersite in the 
Kruger National Park, South Africa. The soils were divided into seven classes based on their 
conceptual hydropedological response and mapped in SoLIM at an accuracy of 73%. The soil 
association map was then converted to a hillslope hydropedological response model map, which 
was then used as inputs for the hydrological model, ACRU (van Tol et al. 2015) to determine the 
eff ect of parameterizing the model with increased levels of soil information, at diff erent scales. 
The modelling focussed on a 148 ha area with long term soil water content and streamfl ow mea-
surements.

The model was run for three catchments (1st, 2nd and 3rd stream orders) using three diff erent 
modes with increasing levels of soil input. The fi rst mode used catchment average (lumped) soil 
information, the second was distributed with cascading from upper landscapes downward and 
the last used hydropedological information to link various landscapes based on the dominant 
fl owpaths (Fig. 9-6). The simulation accuracy (without calibration) of streamfl ow increased with 
more detailed soil information in 2nd and 3rd order streams. R2 increased from 0.57 to 0.87 in 2nd 
order and 0.82 to 0.91 in 3rd order when using improved soil information (similar increases in 
Nash-Sutcliff e and decreases in RMSE were observed), showing the value which the improved 
soil information added to the model (Van Zijl et al. 2016). An added bonus of DSM produced soil 
maps is the certainty measurement, which accompanies the map, which is typically not available 
with conventional soil maps. Although not incorporated in this case study, certainty assessments 
could allow for accurate hydrological scenario planning based on hydropedological soil maps. 
Further research in this regard is required. Accurate hydrological modelling will become increas-
ingly important in implementing IWRM. This necessitates the mapping of soils for large areas 
through DSM techniques.

Conclusions 

Hydrology/soil physics and pedology cannot by themselves solve land use issues related to water 
management at landscape scale. The synergistic integration between these disciplines, i.e. hy-
dropedology, can however contribute considerably to realising targets associated with SDG#6. 
Hydropedological information and assessments can aid in pollution management, protection 
and rehabilitation of wetlands, improved water use effi  ciency and IWRM. Satisfactory answers 
could be provided using a combination of existing knowledge of soil physics and pedology and 
expertise in various disciplines, highlighting the importance of multidisciplinary and transdisci-
plinary approaches to address the targets of the SDGs. Hydropedological inputs are applicable 
at various diff erent scales (from pore geometry of horizons to regional soil distribution patterns 
of large watersheds). The level of hydropedological information required is determined by the 
nature specifi c of the problem; for example, the identifi cation of pollution plumes required de-
tailed transect surveys combined with soil physical and hydrometric measurements whereas the 
modelling of  large watersheds only necessitate hydropedological interpretation of regional soil 
information. By increasing the detail of hydropedological information (with increased costs), 
better results are obtained. Lastly, hydropedological assessments are important for understanding 
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the hydrological system. The improved understanding of the hydrology of landscapes should be 
the driving force behind mapping and characterisation of soils in order to fi nd similarities and 
common hydrological behaviour. This will facilitate IWRM, especially in ungauged basins, and 
contribute towards realisation of SDG#6. 
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