
Class Class PTFsPTFs were developed by averaging soil hydraulic were developed by averaging soil hydraulic 
properties after grouping data by soil texture, bulk properties after grouping data by soil texture, bulk 
density, and soil horizons (top and bottom).density, and soil horizons (top and bottom).

FAO FAO texturetexture FAO texture + Bulk DensityFAO texture + Bulk Density

ISSS textureISSS texture ISSS texture + Bulk DensityISSS texture + Bulk Density

φφ = 0.874 + 6.80E= 0.874 + 6.80E--44 SiSi + 1.04E+ 1.04E--33 CC –– 0.309 0.309 BDBD –– 2.20E2.20E--44 ZZ
((RMSE = RMSE = 0.031 cm0.031 cm33 cmcm--33))

θθ3333 = 0.294 + 2.18E= 0.294 + 2.18E--33 SiSi + 2.75E+ 2.75E--33 CC -- 0.086 0.086 BD BD –– 0.223 0.223 GPDGPD + 1.88E+ 1.88E--22 OCOC –– 2.30E2.30E--44 ZZ
((RMSERMSE = = 0.040 cm0.040 cm33 cmcm--33))

θθ15851585 ==--0.002 + 1.16E0.002 + 1.16E--33 SiSi + 4.10E+ 4.10E--33 CC + 1.17E+ 1.17E--22 OCOC + 2.81E+ 2.81E--33 GSDGSD + 1.82E+ 1.82E--44 ZZ
((RMSE = RMSE = 0.036 cm0.036 cm33 cmcm--33))
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ObjectivesObjectives

Location of the soil profiles.Location of the soil profiles.

Distribution of the soil hydraulic data in Distribution of the soil hydraulic data in 
the texture triangle. The particle size the texture triangle. The particle size 
distribution is based on the distribution is based on the AtterbergAtterberg
scale, i.e., clay (scale, i.e., clay (CC) fraction <2 ) fraction <2 µµm; silt m; silt 
((SiSi) <20 ) <20 µµm, fine sand (m, fine sand (FSFS) <200 ) <200 µµm, and m, and 
coarse sand (coarse sand (CSCS) <2000 ) <2000 µµm.m.

The information available in the PROPSOLO database was used The information available in the PROPSOLO database was used 
to derive the to derive the PTFsPTFs for the Portuguese soils. The soil database for the Portuguese soils. The soil database 
gathers all the information on soil hydraulic properties producegathers all the information on soil hydraulic properties produced d 
in the research institute in the research institute ‘‘EstaEstaççãoão AgronAgronóómicamica NacionalNacional’’, and , and 
currently includes:currently includes:
•• 345 georreferenced soil profiles;345 georreferenced soil profiles;
•• 880 soil horizons/layers;880 soil horizons/layers;
•• 734 soil water retention curves 734 soil water retention curves θθ(h(h););
•• 288 hydraulic conductivity curves 288 hydraulic conductivity curves K(hK(h).).

The soil water retention curves were mainly determined using The soil water retention curves were mainly determined using 
suction tables for suction tables for hh>>--50 50 kPakPa, the pressure plate apparatus for , the pressure plate apparatus for --
33>33>hh>>--1585 1585 kPakPa, and the evaporation method for , and the evaporation method for --5>5>hh>>--80 80 
kPakPa. The hydraulic conductivity curves were mainly determined . The hydraulic conductivity curves were mainly determined 
using the crust method for using the crust method for hh>>--5 5 kPakPa, the hot air method for , the hot air method for 
hh<<--5 5 kPakPa, and the evaporation method for , and the evaporation method for --5>5>h>h>--80 80 kPakPa. The . The 
soil hydraulic properties were determined on undisturbed samplessoil hydraulic properties were determined on undisturbed samples
(100 to 4700 cm(100 to 4700 cm33). ). 

The PROPSOLO database also contains the parameters of the The PROPSOLO database also contains the parameters of the 
MualemMualem--van van GenuchtenGenuchten model  (model  (MvGMvG) for all ) for all θθ(h) (h) andand K(hK(h) curves) curves, , 
wherein wherein θθrr and and θθss denote the residual and saturated water denote the residual and saturated water 
contents, respectively, contents, respectively, KsKs is the saturated hydraulic is the saturated hydraulic 
conductivity, and conductivity, and αα, , ηη, and   are empirical shape parameters., and   are empirical shape parameters.

The database further includes the corresponding soil texture, The database further includes the corresponding soil texture, 
dry bulk density (dry bulk density (BDBD), and organic carbon (OC) values, among ), and organic carbon (OC) values, among 
other physical and chemical properties determined in the studiedother physical and chemical properties determined in the studied
horizons/layers. horizons/layers. 

l

ISSS texture classes + BDISSS texture classes + BD
ISSS texture classes + HorizonISSS texture classes + Horizon
ISSS texture classesISSS texture classes

FAO texture classes + HorizonFAO texture classes + Horizon
FAO texture classes + BDFAO texture classes + BD
FAO texture classes + Horizon + BDFAO texture classes + Horizon + BD

FAO texture classesFAO texture classes RM
SE (cm

RM
SE (cm

33
cmcm

-- 33))

0.0570.057
0.0560.056
0.0440.044
0.0430.043
0.0520.052
0.0490.049
0.0390.039

•• Revise the existing Revise the existing PTFsPTFs (point and (point and 
parametric) for estimating the unsaturated parametric) for estimating the unsaturated 
soil hydraulic properties of Portuguese soils;soil hydraulic properties of Portuguese soils;

•• Assess the usefulness of class Assess the usefulness of class PTFsPTFs for for 
providing information on water retention providing information on water retention 
properties for the Portuguese soil maps;properties for the Portuguese soil maps;

•• Upscaling soil hydraulic properties based on Upscaling soil hydraulic properties based on 
geoestatistical algorithms.geoestatistical algorithms.
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The soil database PROPSOLOThe soil database PROPSOLO
* * Atribute_MAtribute_M gives the analytical method to the soil propertygives the analytical method to the soil property

Revised Revised PTFsPTFs

The first pedotransfer functions (The first pedotransfer functions (PTFsPTFs) for estimating the unsaturated soil hydraulic ) for estimating the unsaturated soil hydraulic 
properties of Portuguese soils were developed in 1994 from limitproperties of Portuguese soils were developed in 1994 from limited data. ed data. GonGonççalvesalves et et 
al. (1997) related the parameters of al. (1997) related the parameters of van van GenuchtenGenuchten’’ss retention model (van retention model (van GenuchtenGenuchten, , 
1980) and Gardner1980) and Gardner’’s conductivity model (Gardner, 1958) with basic soil properties.s conductivity model (Gardner, 1958) with basic soil properties.
Later, Later, GonGonççalvesalves et al. (1999)et al. (1999) also developed also developed PTFsPTFs for estimating the parameters of the for estimating the parameters of the 
MualemMualem--van van GenuchtenGenuchten model from basic soil data. As more data on unsaturated soil model from basic soil data. As more data on unsaturated soil 
hydraulic properties has been slowly made available, the existinhydraulic properties has been slowly made available, the existing g PTFsPTFs for Portugal have for Portugal have 
also been revised.also been revised.

These These PTFsPTFs are essential for providing reliable data for hydrological modeare essential for providing reliable data for hydrological modeling since no ling since no 
other information on the hydrological behavior of the Portugueseother information on the hydrological behavior of the Portuguese soils is available and soils is available and 
direct measurements in large scale applications are impractical.direct measurements in large scale applications are impractical. We present here two We present here two 
alternatives for upscaling the soil hydraulic properties based oalternatives for upscaling the soil hydraulic properties based on the information provided n the information provided 
by these by these PTFsPTFs and the information already available in Portugal. The first apand the information already available in Portugal. The first approach is proach is 
the simplest one and makes use of Class the simplest one and makes use of Class PTFsPTFs for providing information on hydraulic for providing information on hydraulic 
properties to the existing soil maps. The second one is more comproperties to the existing soil maps. The second one is more complex andplex and
makes use of geoestatistical algorithms to interpolate makes use of geoestatistical algorithms to interpolate 
the existing soil information and to develop maps of the existing soil information and to develop maps of 
soil hydraulic properties for Portugal.soil hydraulic properties for Portugal.

Log(Log(KsKs) = 3.27 ) = 3.27 –– 1.87E1.87E--22 FSFS -- 1.32E1.32E--22 Si Si –– 6.48E6.48E--22 GSDGSD

Log(Log(KsKs) = 5.35 ) = 5.35 –– 1.90E1.90E--22 FSFS -- 1.54E1.54E--22 Si Si -- 9.10E9.10E--33 CC –– 3.22E3.22E--22 GSDGSD –– 1.41 1.41 BDBD

Log(Log(KsKs) = 7.18 ) = 7.18 –– 1.30E1.30E--22 CSCS –– 3.50 3.50 GSD GSD –– 2.14 2.14 BD BD –– 8.98 8.98 θθ3333 + 6.70 + 6.70 θθ15851585
((RMSE soil texture + Bulk density + water contents = 0.533RMSE soil texture + Bulk density + water contents = 0.533))

((RMSE Soil texture= 0.609RMSE Soil texture= 0.609))

((RMSE soil texture + Bulk density= 0.588RMSE soil texture + Bulk density= 0.588))

Point Point PTFsPTFs were developed using multiple regression techniques to were developed using multiple regression techniques to 
estimate the total porosity (estimate the total porosity (φφ) and soil water contents at 0.25, ) and soil water contents at 0.25, 
1, 3.2, 6.3, 10, 33, 100, 250, and 1585 1, 3.2, 6.3, 10, 33, 100, 250, and 1585 KPaKPa from particle size from particle size 
distribution,  bulk density (BD), and organic carbon content (OCdistribution,  bulk density (BD), and organic carbon content (OC).).

Example:Example:

Example:Example:

GPD GPD –– Mean particle diameter;Mean particle diameter;
GSD GSD –– geometrical standard deviation.geometrical standard deviation.

Parametric Parametric PTFsPTFs were created also using multiple regression were created also using multiple regression 
techniques and considering a hierarchical approach where input techniques and considering a hierarchical approach where input 
data needs increase progressively permitting the optimal use of data needs increase progressively permitting the optimal use of 
available input data.available input data.

Approach IApproach I –– Make use of the existing soil maps to Make use of the existing soil maps to 
integrate Class integrate Class PTFsPTFs and aggregate the information into and aggregate the information into 
larger spatial units, i.e., the soil mapping units.larger spatial units, i.e., the soil mapping units.

Available water capacity (AWC) in a small watershed (60 kmAvailable water capacity (AWC) in a small watershed (60 km22) in Portugal. AWC was ) in Portugal. AWC was 
calculated based on the information (field capacity, wilting poicalculated based on the information (field capacity, wilting point) obtained from different nt) obtained from different 
class class PTFsPTFs and the soil information already available in literature (soil and the soil information already available in literature (soil mapping units, mapping units, 
number of horizons, soil texture, soil depths of representative number of horizons, soil texture, soil depths of representative soil profiles).soil profiles).

Approach IIApproach II –– Make use of geoestatistical algorithms to map the spatial Make use of geoestatistical algorithms to map the spatial 
variability of soil hydraulic properties and to quantify its spavariability of soil hydraulic properties and to quantify its spatial tial 
uncertainty.uncertainty.

Uncertainty evaluation is important to validate the spatial Uncertainty evaluation is important to validate the spatial 
distribution and to assess new sampling locations. When soil distribution and to assess new sampling locations. When soil 
hydraulic properties are measured in different supports (hydraulic properties are measured in different supports (i.ei.e
different sampling volumes), Block Sequential Simulation (Liu andifferent sampling volumes), Block Sequential Simulation (Liu and d 
JournelJournel, 2009) can be used to integrate different soil supports , 2009) can be used to integrate different soil supports 
and to perform the simulation of soil properties.and to perform the simulation of soil properties.

Soil maps in Portugal cover most of the territory Soil maps in Portugal cover most of the territory 
but are useless for modern hydrological modeling but are useless for modern hydrological modeling 
applications since they do not provide information applications since they do not provide information 
of the hydraulic behaviors of Portuguese soils. of the hydraulic behaviors of Portuguese soils. 
However, they may become valuable either by  However, they may become valuable either by  
integrating Class integrating Class PTFsPTFs into what we already know into what we already know 
(texture information, soil depths, etc., from (texture information, soil depths, etc., from 
representative soil profiles) or into minimum representative soil profiles) or into minimum 
surveyed soil data (texture classes and bulk surveyed soil data (texture classes and bulk 
density). This is the simplest, cheapest and most density). This is the simplest, cheapest and most 
feasible approach available today to modelers.feasible approach available today to modelers.

Average of 30 simulations representing the spatial distribution Average of 30 simulations representing the spatial distribution of Total Porosity and of Total Porosity and 
Hydraulic Conductivity in a 3800 kmHydraulic Conductivity in a 3800 km2 2 area located in the South of Portugal. The results area located in the South of Portugal. The results 
reproduce the variability given by the 46 soil profile data usedreproduce the variability given by the 46 soil profile data used..

The revised The revised PTFsPTFs (class, point, and parametric) allow the estimation of unsatura(class, point, and parametric) allow the estimation of unsaturated ted 
hydraulic properties for Portuguese soils considering a hierarchhydraulic properties for Portuguese soils considering a hierarchical approach.ical approach.
The upscaling techniques presented here varied from basic to morThe upscaling techniques presented here varied from basic to more complex approaches e complex approaches 
since reliable soil information in Portugal is limited.since reliable soil information in Portugal is limited.
Future research will include validation of the soil hydraulic prFuture research will include validation of the soil hydraulic properties maps using operties maps using 
watershed modeling tools.watershed modeling tools.


