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SOL_CRK Crack volume 
potential of soil 
[optional]  

- NSD moisture COLE, 

 

Default=0.5 

TEXTURE Soil texture 
[optional] 

 NSD Site 

 

 

horizon 

Type qualifier 

(texture) 

 

Texture 

 

SOL_Z(layer #) Depth from soil 
surface to 
bottom of layer 

mm NSD horizon 

 

 

sample 

Horizon top 

Horizon Base 

 

Sample top 

Sample base 

SOIL_BD 
(layer#) 

Moist bulk 
density 

[required] 

g/cm3 NSD moisture 

 

Dry bulk density,  

Fine earth BD 

 

SOL_AWC 
(layer #) 

Available water 
capacity of soil 
layer 

[required] 

v/v% NSD moisture Total available water 

SOL_K (layer 
#) 

Saturated 
hydraulic 
conductivity 

[required] 

mm/hr NSD pa ticle 
size 

 

chemistry 

regression equations from 
clay, sand, silt, CEC, OM 

 

Pedotransfer functions 

SOL_CBN 
(layer #) 

Carbon con ent 
[requ red] 

% soil 
mass 

NSD chemistry Carbon 

CLAY (layer #) Clay content 

[required] 

% soi  
mass 

NSD particle 
size 

FE2  

(FE=fine earth) 

SILT (layer #) Silt content 

[required] 

% soil 
mass 

NSD particle 
size 

Si 

SAND (layer #) Sand content 

[required] 

% soil 
mass 

NSD particle 
size 

Sa 

ROCK ( ayer #) Rock fragment 
content 

[required] 

% total 
mass 

NSD particle 
size 

100-WS2 

(WS2=whole soil less than 
2mm) 

SOL_ALB (top 
layer) 

Moist soil 
albedo (top 
layer) 

[required] 

 

--- 

NSD horizon Matrix colour code (Munsell)  

 

Rele
as

ed
 un

de
r th

e  

Offic
ial

 In
for

mati
on

 Act 
(19

82
)



6 © Aqualinc Research Ltd.  

New Zealand SWAT: Deriving a country-side soils dataset from the NZ-NSD for use in the Soil and Water 
Assessment Tool (SWAT)  

MfE / 1 Soils Report MfE.docx / 06/10/2018 

 

USLE_K (top 
layer) 

USLE equation 
soil erodibility 
factor 

[required] 

0.013 
(tonnes 
m2 
h)/m3 
tonne 
cm) 

NSD 

 

particle 
size 

 

 

Silt, clay, sand, Org C 

 

SOL_EC (layer 
#) 

Electrical 
conductivity 

[Not currently 
active] 

dS/m  

 

--- 

 

 

--- 

 

 

--- 

SOL_CAL(laye
r #) 

Soil CaCO3 

[Not currently 
active] 

%  

--- 

 

--- 

 

--- 

SOL_PH(layer 
#) 

Soil pH 

[Not currently 
active] 

  

--- 

 

--- 

 

--- 

Table 1. Variables in the SWAT soil input file, and the source of data in tables from tables and 
fields in the NSD, and fields in the FSL 

 

The soil input file will hold data for up to 25 layers. There a e very few soils in the NSD which exceed 
this number of layers and they are excluded.  

The following is a brief description of the variables in the soil input file. Unless specified otherwise by 
layer #, it is assumed to be the topsoil of the soil profile  
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4.1 SNAM 

This is the soil name. This name will be printed in the Hydrological Response Unit summary tables. A 
name and naming system has to be chosen when joining the FSL polygons with the NSD. A soil name 
is needed from the NSD and the FSL to link the point database with the spatial geodatabase. In fact, 
these names do not need to have any physical significance and could just be names of spatial areas.  

A sample point is assumed to represent a spatial area or polygon, which may be drawn in numerous 
and arbitrary ways (using soil surveys, topography, etc.). 

There are a few options with choosing a name. A name can be either local and site specific with Soil 
series & soil type, (e.g. Bruntwood silt loam) or using soil map symbols (e.g. OkS for Okareka steepland 
soils). Soils by soil map symbols are referred to as the main soil in the FSL and referred to as the ‘soil 
symbol’ in the NSD, a term going back to legacy maps of the 1950s. The soil name may be generic 
and not ‘site-specific’, and from New Zealand Soil Classification (NZSC) codes (eg. Mottled-weathered 
Orthic Brown Soil (MOMW)).  

Sediment studies based on the GLEAMS model found soil ‘symbols’ convenient to describe the effe t 
of sediment generated from local soils (Parshotam (2008) for Central Waitemata Ha bour and 
Parshotam, et al. (2009) for the Tauranga Harbour) using data from the NSD and FSL. Internationally, 
names based on local soil names from soil surveys are more common    

The dominant (unique) NZSC name DOMNZSC in the FSL is chosen instead of the NZSC name, which 
includes combinations of soils (e.g. ROT+ROW). 

4.2 HYDGRP 

Soil hydrologic group (A, B, C, or D).  

The United States Natural Resource Conservation Service (NRCS) classifies soils into four hydrologic 
groups based on the infiltration characterist cs of the soil  A hydrologic group is a group of soils having 
similar runoff potential under similar storm and cover conditions. Soil properties that influence runoff 
potential are those that impact the min mum rate of infiltration for a bare soil after prolonged wetting 
and when not frozen. These properties are depth to seasonally high water table, saturated hydraulic 
conductivity, and depth to a very slowly pe meable layer. The full definition and criteria for the 
assignment hydrologic groups (HSG) are given in the National Engineering Handbook, Part 630, 
Chapter 7 (accessed f om https://directives.s egov.usda.gov/22526.wba).  

For soils with a hydr logic group th t consists of more than one letter (e.g. “A/B”, “B/C”, “C/D”), its 
hydrologic group is determined by he presence or absence of adequate artificial drainage. If the field 
is artificially drained the hydrologic group moves to the first of the two classes.  

In its simplest form, the hydrologic soil group is determined by the water transmitting soil layer with the 
lowest saturated hydraulic conductivity and depth to any layer that is more or less water impermeable 
or depth to a water table (if present). Generally, Soils are assigned to four hydrologic groups and three 
dual groups. Group A- high infiltration rate when wet, low runoff potential. Group B-moderate infiltration, 
low runoff potential  Group C- slow infiltration, higher runoff potential. Group D- very slow infiltration 
rate, highest runoff p tential. The dual groups are A/D, B/D and C/D and these are used for certain wet 
soils that can b  adequately drained. The leading letter refers to the drained condition and the second 
letter is the un-drained condition. 

Simplified Hydrologic Soil Group classification table 

The simplified Hydrologic Soil Group classification table only uses soil texture information (Table 1). 
Details of this table are available online at 
http://www.bwsr.state.mn.us/outreach/eLINK/Guidance/HSG guidance.pdf 

 

Hydrologic soil group Infiltration rate (in/h) Soil textures 

A 1.6 Gravel, Sandy 
gravel,  
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Silty gravels 

0.8 Sand, Loamy sand, 
Sandy loam 

B 0.3 Loam, silt loam 

C 0.2 Sandy clay loam 

D 0.06 Clay loam, silty clay 
loam, sandy clay, 
silty clay, clay 

Table 2. Simplified Hydrologic Soil Group classification table (MPCA, 2013) 

 

Table 3 was used to assign ALL texture classes in the NSD to Soil Hydrologic Groups based on Table 
2 using texture classes only. The field texture is taken from the horizons table in the NSD and contains 
over 90% filled-in data.  

 
Texture 
 

Texture_Hydrological Group 

FINE SANDY LOAM B 

SILT LOAM B 

BLACK LOAM B 

BLACK SAND A 

BROWN LOAM B 

CHANNEL SOIL D 

CLAY D 

CLAY LOAM D 

CLAY LOAM HILL SOIL D 

CLAY LOAM, PALE TOPSOIL PHASE C 

CLAY LOAM,EASY ROLLING PHASE D 

COARSE SANDY LOAM A 

DEEP CLAY D 

DEEP CLAY LOAM D 

DEEP FINE SANDY LOAM A 

DEEP FINE SANDY LOAM ON SAND A 

DEEP SANDY LOAM, LOAMY VARIANT A 

DEEP SILT LOAM B 

DEEP SILT LOAM ON CLAY LOAM B 

DEEP SILT LOAM ON FINE SANDY LOAM B 

DEEP SILT LOAM ON SAND B 

DEEP SILT LOAM ON SANDY LOAM B 

DEEP SILTY CLAY LOAM D 

DEEP SILTY CLAY LOAM, GREY SUBSOIL VARIANT D 

DEEP SILTY CLAY LOAM, PONDING PHASE D 

ERODED PHASE D 

FINE SANDY LOAM A 

FINE SANDY LOAM BURIED SOIL VARIANT A 

FINE SANDY LOAM, HILL SOIL A 

FRIABLE CLAY D 

GRAVELLY CLAY D 

GRAVELLY CLAY LOAM C 

GRAVELLY LOAMY SAND A 

GRAVELLY SANDY LOAM A 

GRAVELLY SILT LOAM B 

GRITTY SILT LOAM B 

HEAVY SILT LOAM B 

HILL SOIL C 

HUMIC BOULDERY SANDY LOAM A 

HUMIC FINE SAND A 

HUMIC FINE SANDY LOAM A 

HUMIC LOAMY FINE SAND A 

HUMIC LOAMY SAND,GLEYED VARIANT A 

HUMIC SANDY LOAM A 

HUMIC SILT LOAM B 
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HUMIC SILT LOAM, BURIED TOPSOIL PHASE B 

HUMIC SILT LOAM, PLACIC SUBSOIL PHASE B 

HUMIC SILTY CLAY LOAM D 

LOAM B 

LOAM, MODERATELY DEEP VARIANT B 

LOAM-HILL SOIL B 

LOAMY CLAY C 

LOAMY SAND A 

LOAMY SAND (andesitic lahar vrt) A 

LOAMY SILT B 

MODERATELY DEEP FINE SANDY LOAM A 

MODERATELY DEEP SILT LOAM B 

MODERATELY DEEP SILTY CLAY LOAM D 

MOTTLED SILT LOAM B 

PEAT C 

PEAT DRAINED C 

PEAT UNDRAINED C 

PEATY LOAM C 

PEATY SAND B 

PEATY SILT LOAM B 

SAND A 

SAND LOAM A 

SANDY LOAM A 

SANDY LOAM (6A) A 

SANDY LOAM ROLLING PHASE A 

SANDY VARIANT A 

SHALLOW FINE SANDY LOAM A 

SHALLOW GRAVELLY SANDY LOAM A 

SHALLOW SANDY LOAM A 

SHALLOW SILT LOAM B 

SHALLOW SILTY CLAY LOAM D 

SHALLOW SILTY PEAT, DRAINED PHASE C 

SILT C 

SILT CLAY LOAM D 

SILT LOAM B 

SILT LOAM (TILL VARIANT) B 

SILT LOAM STEEPLAND SOIL B 

SILT LOAM STRONGLY GLEYED VARIANT B 

SILT LOAM STRONGLY MOTTLED PHASE B 

SILT LOAM, MODERATELY DEEP PHASE B 

SILT LOAM, ORGANIC SUBSOIL VARIANT B 

SILT LOAM, STRONG BROWN SUBSOIL PHASE B 

SILT, WHITE SUBSOIL VARIANT C 

SILTY CLAY D 

SILTY CLAY LOAM D 

SILTY CLAY LOAM, RED WEATHERED VARIANT D 

SLIGHTLY GRAVELLY VERY SHALLOW SANDY LOAM A 

STEEPLAND C 

STEEPLAND SOIL C 

STONY CLAY LOAM C 

STONY CLAY LOAM, STEEPLAND SOIL D 

STONY CLAY LOAM,HILL SOIL C 

STONY SILT LOAM B 

VARIANT  SILTY CLAY LOAM D 

VERY SHALLOW STONY LOAM A 

VERY STONY SILT LOAM B 

 Table 3. Texture classes in the NSD assigned to Soil Hydrologic Groups. 

 
There appears to be very little in the literature on the runoff potential for peat-dominated catchments 
(See Menburu et al. (2015)). Organic soils are an exception and were classified as either C/D or B/D, 
based usually on location, with S-map factsheets (https://smap.landcareresearch.co.nz/regional/) 
being used as a guide. It is unclear how hydrological soil groups are defined in S-map in the 
literature. The following hydrological Soil group classifications in Table 4 were sourced for peat soils:  

Rele
as

ed
 un

de
r th

e  

Offic
ial

 In
for

mati
on

 Act 
(19

82
)



10 © Aqualinc Research Ltd.  

New Zealand SWAT: Deriving a country-side soils dataset from the NZ-NSD for use in the Soil and Water 
Assessment Tool (SWAT)  

MfE / 1 Soils Report MfE.docx / 06/10/2018 

 

 
Texture Hydrological Group 

Peat C 

Peaty silt C/D 

Peaty loam B/D 

Peaty silt loam B/D 

Loamy peat C/D 

Peat B/D 

Shallow peat C/D 

Peaty clay D 

Peaty sandy loam B/D 

 

Table 4. Peat soils assigned to hydrological groups 

 

Since SWAT only has Soil hydrological Groups A, B, C, or D and, based on the above table, all peat 
soils were classed group C for convenience. This was also generally classed according to the area 
peat soils are found in, in New Zealand.  

A problem with the above classification method is that it is very simplistic and we have not used Ksat 
estimates of the least transmissive layer in the depth range and Ksat in the depth ran e to def ne 
hydrological soil groups nor the depth to the water impermeable layer no  depth to high water table.  

An alternative method which reduces the number of classes considerably which was trialled was to 
define texture using USDA Soil Texture definitions and using an NRCS texture calculator or excel 
macros. USDA uses 12 basic physical texture classes. The 12 classifications are sand, loamy sand, 
sandy loam, loam, silt loam, silt, sandy clay loam, clay loam, silty clay loam, sandy c ay, silty clay, and 
clay. In addition Sand is classified into coarse sand, sand, fine sand and ve y fine sand. And loamy 
sand is further classified into loamy coarse sand, loamy sand, loamy fine sand and loamy very fine 
sand. Sand loam is further divided into coarse sandy loam, sandy loam, fine sandy loam and very fine 
sandy loam.  

Based on this texture classification, there were 4300 samples from the various horizons able to be 
categorised. These were filled with missing data from 8230 samples using the nsd_particlesize table 
in the NSD.  

 
Row Labels Texture Symbol 

clay C  

clay loam ClLo 

coarse sand COS 

coarse sandy loam CSL 

fine sand Sa 

fine sandy loam FSL 

loam Lo 

loamy coarse sand LCS 

loamy fine sand LFS 

loamy sand LoSa 

sand Sa 

sandy clay loam SaClLo 

sandy loam SaLo 

silt Si 

silt loam SiLo 

silty clay SiCl 

silty clay loam SiClLo 

Table 5  New categories used when texture data in the NSD was not available.  

 

Tables 3 and 4 need refining. Hydrologic soil groups are updated in the official US SSURGO soil survey 
data once a year, and refinements of the definition are updated regularly and are available from 
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ny/soils.  
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Other methods based only on infiltration characteristics are given by Gies and Merwade using FAO 
Soil and Terrain Dataqbase of East Africa (available from 
https://web.ics.purdue.edu/~vmerwade/education/fao soil tutorial.pdf).  

4.3 SOL_ZMX 

Maximum rooting depth of soil profile (mm) 

If no depth is specified, the model assumes the roots can develop throughout the entire depth of the 
soil profile. The PRD (plant rooting depth) should be taken from the FSL, if there were more clarity 
about its derivation. It does not appear to be in the NSD and perhaps is an artefact of migrating the 
NZLRI to NZFSL.  

For the current purposes, the maximum depth of all horizons where data is available is taken to be the 
maximum rooting depth. This may be the same as leaving the field blank.  

Required. 

4.4 ANION_EXCL 

This is the fraction of porosity (void space) from which anions are excluded. 

If no value is entered, a default of 0.5 is set. 

Optional. 

4.5 SOL_CRK 

Potential or maximum crack volume of the soil profile expr ssed as a fraction of the total soil volume. 
A crack flow submodel was incorporated into SWAT and it is considered important in some soils and 
can contribute to movement of solutes to aquifers (Arnold et al., 2005).  

When some soils are subject to periods of wetting and drying, the formation of cracks in the soil leading 
up to the surface can drastically alter the landscape hydrology (Wilding and Puentes, 1988). Shrink-
swell potential of a soil s a so a very impo tant factor for building foundations.  

High shrink-swe l soils are associated with high clay content and predominantly smectitic clays; soils 
reported with other minerals such as kaolinite has also been observed to have high shrink-swell 
potential (Rivera, et al. 2014). Crack volume may be estimated from in situ soil moisture and Coefficient 
of Linear Extensibility (COLE) measurements; this is known as the COLE-predicted crack volume 
(Rivera, 2008). COLE is a swelling potential index. Because expandable clays in some soils are 
predominantly of fine clay size, COLE is reasonably well predicted from percent fine clay (Dasog et al., 
1988) and these va ues may be adjusted with the presence of coarse particles (Vaught et al. 2006).  

To accurately predict surface runoff and infiltration in areas dominated by Vertisols, the temporal 
change in soil volume must be quantified. Bronswijk (1989, 1990) outlines methods used to determine 
the maximum rack volumes.  

In Unit d States studies, the easiest way of obtaining a COLE value for a particular soil is by locating 
it n the USDA-NRCS Soil Survey. The COLE recorded in USDA-NRCS Soil Survey data, however, is 
likely to be less accurate than direct measurement at a specific location because it is a number to be 
applied to the range of soils that fit a particular classification. This easy access to COLE for a soil is an 
advantage for using COLE to estimate crack volume. In some SWAT modelling studies, the cracking 
volume is assigned according to five grades from low to high. 

In the NSD, there are 89 entries of COLE, 4130 entries with fine earth data and only 15 entries with 
both fine clay and COLE measurements. These were enough to produce the relationship given in 
Figure 2.  Note the slope of about 0.002 compared to slopes given in Vaught et al. (2006) of 0.003. 
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Figure 4: Relationship of Bulk density (g/cm3) and Carbon (%) in the top layer of soil samples in the NSD.  

 

Figure 5: Relationship of Bulk density (g/cm3) and Carbon (%) in the second layer of soil samples in the NSD.  

Regression equations for predicting soil bulk density have been developed around the world from soils 
databases and some are listed in Abdelbaki, (2016). These a e usually functions involving organic 
matter, sand, clay, silt, water content and in some cases, depth   

4.9 SOL_AWC (layer#) 

The available water capa ity of the soil (mm water/mm soil). The plant available water, also referred 
to as the available water capacity. 

This is calculated by AWC=FC–WP where AWC is the plant available water, FC is the water content 
at field capacity, and WP is the water content at permanent wilting point.  

AWC is estimated by determining the amount of water released between in situ field capacity and the 
permanent wilting point. The in situ field capacity is the soil water content at soil matric potential of -
1/3 bar. The permanent wilting point is the soil water content at soil matric potential of -15 bar. 

In the NSD, total availabl  water is calculated as the difference between water content at tensions 15 
bar and 0.1 bar with units (v/v%) and this value is taken.  

Required. 

4.10 SOL_K (layer #) 

Saturated hydraulic conductivity (mm/h). 

Saturated hydraulic conductivity Ksat is essential in modelling surface and subsurface flow as well as 
solute transport in soils and sediments. It relates soil water flow rate (flux density) to the hydraulic 
gradient and is a measure of the ease of water movement through the soil. The available water capacity 
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of the soil layer (Sol_awc), saturated hydraulic conductivity (SOL_K) and the soil depth (sol_z) are 
found to be the most sensitive of the parameters which affect sediment yield loss of a watershed 
(Sarkar, et al. 2016). 

Ksat has been estimated intensively by soil physicists and hydrologists. These include empirical, quasi-
physical, physically-based as well as numerical techniques. Among them, pedotransfer functions, i.e. 
regression-based models that make use of available information to provide estimates of other related 
factors that are needed, have attracted a great deal of attention over the last 30 years. Since 
measurement of Ksat is expensive, it is usually derived from pedotransfer functions. The limitations of 
pedotransfer functions depend on data used to train (or develop) and test (validate) them. Pedotransfer 
functions should not be used as an excuse for not collecting measurement data. These have also 
distracted us from a real need to measure this rather important parameter. Their predictive power 
should be improved as more data is collected, including new cheaper instruments to measure it.  

Pedotransfer functions have been actively developed to link soil hydraulic properties to readily 
measureable characteristics e.g. soil texture, bulk density and organic matter. A list of useful regression 
equations (pedotransfer functions) frequently used in the international literature to estimate soil 
hydraulic conductivity, Ksat, is given in Ghanbarian et al. (2016). There are literally hundreds of pedo-
transfer functions to choose from in the literature.  

For New Zealand soils, pedotransfer functions describing soil water properties over exte sive areas of 
the country are limited by the lack of available data; pedotransfer functions availab e in the literature 
apply to other regions in the world developed in USA or Europe, where large datasets exist. There are 
no Ksat measurements given in the NSD. Physical pedotransfer functions used to compute Ksat for a 
range of New Zealand soils using a lengthy derivation are given by Pollacco  et al. (2016); ensemble 
pedotrasfer functions are given by Cichota, et al. (2013). Othe  hydraulic properties used to estimate 
volumetric water content contained in a sample of soil, ranging from 0-100%, given a specified tension 
or suction applied to the soil using pedotransfer functions re given by McNeill et al. (2018).  

In the Overseer model, the saturated hydraulic conductivity is computed solely from clay content using 
the equation Ks=14611 Clay -3.48, given in Wheeler (2016). Pollacco found this over-predicted Ksat data 
using data from Webb et al. (2010)  Some methods to improve Ksat estimates based on data 
(morphology descriptors, soil-water char cteristics) in New Zealand are given by Pollacco et al. (2014). 
This data is available in the NSD and may b  utilised for completing the preparation of datasets for use 
in SWAT.  

In this work, a number of pedotransfer functions we e trialled but these gave very widely differing 
results. These were mostly based on clay pe c ntage, or clay and silt percentages. There was the 
‘feeling’ that pedotransfer functions do not p edict, do not determine, do not calculate, do not estimate 
but only guess physically meaningful values and should only be used as a guide. There is no way to 
check these values  w th lack of measurement data in the NZ literature, or current databases.   

A downloadable prog am called SPAW (available free from 
https://hrsl ba ars usda.gov/SPAW/SPAWDownload.html) is widely used in SWAT modelling and 
widely re erred to in the literatu e. SPAW is a water budgeting tool for farm fields, ponds and inundated 
wetlands. The SPAW model performs daily hydrologic water budgeting using the SCS Runoff Curve 
Number method. Soil Water Characteristics is a program include with the SPAW installation. It is used 
to simulate soil water tension, conductivity and water holding capability based on the soil texture, with 
adjustments to account or gravel content, compaction, salinity, and organic matter (See Figure 6).  

Rele
as

ed
 un

de
r th

e  

Offic
ial

 In
for

mati
on

 Act 
(19

82
)



16 © Aqualinc Research Ltd.  

New Zealand SWAT: Deriving a country-side soils dataset from the NZ-NSD for use in the Soil and Water 
Assessment Tool (SWAT)  

MfE / 1 Soils Report MfE.docx / 06/10/2018 

 

 

Figure 6: Screenshot of the SPAW model for estimating Ksat 

 

Details of SPAW are published by Saxton and Rawls, (2006). I  the current work, results from SPAW 
gave reasonable results compared with results based on soil texture internationally and were able to 
match results from Webb et al. (2000) f vourably, with no organic carbon measurement data given.  

SPAW was used to estimate Ksat using textural data and organic matter data. Bulk density (SOL_BD) 
and available water content was also estimated us ng SPAW and compared with measurement data 
in the NSD. Unfortunately, SPAW could only be used on data from one soil at a time. 

4.11 SOL_CBN(layer #) 

Organic carbon content (% soil mass) 
When defined by soil mass, the soil is the portion of the sample that passes through a 2mm sieve. Rele
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Figure 7: Frequency (%) of Organic-C measurement data in the NSD. 

There are some (almost 3.5%) very high (>30%) organic-C values n the NSD which suggest that the 
soil sample was taken at a site with an almost peat-like soil  High organic-C values were usually 
unusual at depth. 

Required. 

4.12 SOL_CLAY (layer #) 

Clay content (% of total mass). The percent of soil particles which are < 0.002 mm (2 m) in equivalent 
diameter. 

Required. 

4.13 SOL_SILT (layer #  

Silt content (% of total mass). The perc ntage of soil particles which have an equivalent diameter 
between 0.05 and 0.002mm.  

In the NSD  the proportion of silt, SILT is ‘calculated’ from 100 – (CLAY+SAND), where CLAY and 
SAND are measured values of sand and clay proportions.  As a result, there are a very small number 
of SILT values which are slightly negative (-2.38 being the largest negative) in the NSD. These are 
assigned zero.  

The query is r written in the NSD so that SILT=100 – (CLAY+SAND), and SILT=0, if 
CLAY+SAND>100.  

Required  

4.14 SOL_SAND (layer #) 

Sand content (% of total mass). The percentage of soil particles which have a diameter between 2.0 
and 0.05 mm. 

Required.  
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4.15 SOL_ROCK (layer #) 

This is the rock fragment content (% of total mass). The percentage of soil particles which have a 
diameter > 2mm, i.e. the percent of the sample which does not pass through a 2mm sieve. In New 
Zealand, the term ROCK is not generally defined in this manner. Anything > 2mm is gravel, then comes 
stones, followed by rocks, and boulders (Milne, et al. 1995). There is a ROCK column in FSL and it 
has not been defined in the LRIS data dictionary v3. The presence of gravel has a significant effect on 
the mechanical and hydraulic properties of soil.  

Required. 

4.16 SOL_ALB (top layer) 

This is the moist soil albedo.  

The albedo is the ratio of the amount of solar radiation reflected by a body to th  amount incident upon 
it, expressed as a fraction. A bare soil has a typical albedo of 0.17. The value for albedo shou d be 
reported when the soil is at or near field capacity. Albedo may be calculated from soi  colour and 
spectral reflectance data (see Post et al., 2000).Moist soil horizons in the NSD have a soil matrix colour 
code (Munsell colour system code) associated with them from which soil albedo may be estimated.  

The most significant factors affecting soil albedo are the type and condition of vegetation coving the 
soil surface: soil moisture content, organic matter content, pa ticle size, iron oxides, mineral 
composition, soluble salts and parent material (Baumgardner et al. 1985). Soil albedo is related to soil 
colour, moisture and roughness (Fontes, 1996). Soil colour is related to drainage properties. 

The Munsell colour system is a colour space that specifies colours based on three colour dimensions: 
hue, value (lightness) and chroma (colour purity), also referred to as HVC. The Munsell colour value 
(in the horizon table, Matrix colour code of the NSD) is given in the format #/# where the first number 
is the medium value (lightness) and the second number is the hroma value (how weak or strong the  
colour is). YR is the Hue (or colour Yellow-Red), 6 is the value (or lightness/darkness) and 2 is the 
chroma (weak/strong). For example, in the code 10YR 6/3, it is the colour value 6 that needs to be 
taken in the following equation from Gijsman et al. (2007) t  estimate soil albedo.  

Soil albedo (0.3 – 2.8 m) = 0.069 * (c lour value) – 0.114. r2=0.93 

For missing Munsell colour values  a default value of 0.13 (classified as brown by Gijsman et al. 2007) 
is used. It is uncertain whether the colour code reported in the NSD is a moist colour code and taken 
when the soil is at or near field capacity. 

The Munsell colour ode has been us d to convert FAO soil datasets to albedo (e.g. Gies and 
Merwade, https://web ics.purdue.edu/~vmerwade/education/fao soil tutorial.pdf).  

Albedo is often measured directly t day using new instruments (e.g. Sugathan, et al. 2014) and is also 
related to remote sensing. F r example, Cierniewski el al. (2018) identified the effects of agricultural 
management practices on s il albedo using remote sensing.  

4.17 USLE_K (top layer) 

The soil erodibility factor (K-factor, or K) is a quantitative description of the inherent erodibility of a 
particu ar soi  it is a measure of the susceptibility of soil particles to detachment and transport by 
rainfall and runoff. Soils high in clay have low K values, about 0.05 to 0.15 because they are resistant 
to detachment. Coarse textured soils, such as sandy soils, have low K value, about 0.05 to 0.2 because 
of low runoff even though these soils are easily detached. Medium textured soils, such as silt loam 
soils, have moderate K values, about 0.25 to 0.4 because they are moderately susceptible to 
detachment and they produce moderate runoff. Soils having a high silt content are most erodible of all 
soils. They are easily detached; tend to crust and produce high rates of runoff. Values of K for these 
soils tend to be greater than 0.4.  
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The erodibility factor is used as an input to the Universal Soil Loss Equation (USLE). This equation 
calculates soil erosion, which is inherently linked to sediment and nutrient transport. The erodibility 
factor was calculated using the method presented by Williams (1995), which is based on sand, silt, 
clay, and organic carbon content of the soil.  

𝐾𝑈𝑆𝐿𝐸 = 𝑓𝑐𝑠𝑎𝑛𝑑 ∙ 𝑓𝑐𝑙−𝑠𝑖 ∙ 𝑓𝑜𝑟𝑔𝑐 ∙ 𝑓ℎ𝑖𝑠𝑎𝑛𝑑 

Here, fcand is a factor that gives low soil erodibility factors for soils with high coarse-sand contents and 
high values for soils with little sand, fcl-si is a factor that gives low soil erodibility factors for soils with 
high clay to silt ratios, forgc is a factor that reduces soil erodibility for soils with high organic carbon 
content and fhisand is a factor that reduces soil erodibility for soils with extremely high sand contents. 
The factors are calculated: 

𝑓𝑐𝑠𝑎𝑛𝑑 = (0.2 + 0.3𝑒−0.256𝑚𝑠(1−
𝑚𝑠𝑖𝑙𝑡
100

)) 

𝑓𝑐𝑙−𝑠𝑖 = (
𝑚𝑠𝑖𝑙𝑡

𝑚𝑐 + 𝑚𝑠𝑖𝑙𝑡

)0.3 

𝑓𝑜𝑟𝑔𝑐 = (1 −
0.0256 𝑜𝑟𝑔𝐶

𝑜𝑟𝑔𝐶 + 𝑒3.72−2.95𝑜𝑟𝑔𝐶
) 

𝑓ℎ𝑖𝑠𝑎𝑛𝑑 = 1 −
0.7(1 −

𝑚𝑠

100
)

(1 −
𝑚𝑠

100
) + 𝑒−5.51+22.9(1−

𝑚𝑠
100

)
 

 

where ms is the content of sand particle with particle s ze 0 05-2mm, msi  is the content of sediment 
with particle size 0.002-0.05mm, mc is the content of lay with particle size less than 0.002mm. org C 
is the organic carbon content of the soil layer (%). 

The erodibility factor has the units (0.01 (ton.acre hr)/(acre-ft-ton in) and the units were kept in Imperial 
units for consistency with the SWAT input format. The units are discussed by Foster et al. (1981). The 
range of values in the NSD agrees with ranges reported for Canada (Cordeiro, et al. 2016). USLE_K 
is only required for the top soil layer and subsequent layers we e assigned a value of zero.  

The erodibility factor was calculated from data in the NSD.  

Required. 

4.18 SOL_EC (layer #) 

Electrical condu tivity (dS/m) 

Not currently active 

4.19 SOL_CAL (layer #) 

Soil CaCO3 (%). (0 50%) 

Not cur ently active 

4.20 SOL_PH (layer #) 

Soil pH (3-10) 

Not currently active 
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Figure 8: Sample identifiers o erlayed onto the FSL by location 

 

Ideally, what is needed is that every ‘soil symbol’ in the FSL needs to have a ‘sample ID’ associated 
with it. However, a unique one to one correspondence could not be obtained. Some (e.g. Soil symbol 
47a) are associated with site ID’s SB09289, SB09765, SB09630, SB09629, SB09631, SB09768, 
SB09628, and SB09627, and by choosing only one, ignores a lot of good datasets. There are 1323 
sample D’s but only 473 identified from overlaying sample ID’s and FSL polygons. 

Although there are a greater number of SB identifiers that may be matched in the NSD by soil symbol, 
there are a greater proportion which require ‘expert’ knowledge and guessing to match soil symbol and 
site identifiers. A lot of very good quality data in the NSD may not be used at all. 
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5.2 Option 2. Linking by NZSC. Method 1 

Every sample identifier in the nsd_site table has a series name (e.g Conroy) and a type qualifier (e.g. 
sandy loam). There are 1503 of these and 1448 of these have a 191 unique NZ Revised subgroup 
names associated with them (e.g. BMG for Magnesic Mafic Brown Soil). The coordinates are available 
for 1316 sites and 1334 sites have the full NZ Revised subgroup names as well as full coordinates. 
There are 40 NZ Revised subgroup names in the NSD which are not in the FSL.  

 

Figure 9: Area near Westport showing the NSD site locations overlayed onto the DOMNZSC layer in the FSL 

 

There are 205 unique DOMNZSC classes in the FSL which include ice, lake, quarries, town and 
estuaries. There are 190 unique NZ Revised subgroup classes in the NSD. There are 56 DOMNZSC 
classes in the FSL which are not in the NSD and 41 NZ Revised subgroup classes in the NSD which 
are not in the FSL. The objective is to map every DOMNZSC class in the FSL with a representative 
soil in the NSD with as much data utilised from the NSD as possible.  

Another obvious method is to intersect location points with known site identifiers with FSL DOMNZSC 
polygons to find point data to represent spatial data. However, there could be many site identifiers to 
represent a polygon (up to 25) but in many cases none of the site identifiers were in the set of Revised 
subgroup classes in the NSD that corresponded to this site identifier or even secondary identifiers. 
There were a great deal of FSL DOMNZSC polygons which did not have site identifiers.   
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Table 9. Screenshot of Excel spreadsheet of usersoil.xls. Note that the red indicates ‘modelled’ 
data and not measurement data in the NSD. This data also represents data from the top horizon.  

 

Datasets of this form are useful to a variety of research communities including hydrological, agricultural 
and water quality modellers and are publicly available at (e.g. SWAT usersoil Excel spreadsheet for 
Canada may be downloaded from https://www.earth-syst-sci-data-discuss.net/essd-2017-66/). 

This file is finally imported into SWAT2012.mdb and may be modified using the SWAT Editor  without 
having to go through the whole process again. 

 

Table 10. Screenshot of MS Access database showing of usersoil table 

 

For ice, lake and river class in the FSL, the following was assumed: Clay, sand, silt, rock=0; CBN=0.05; 
AWC=1; BD=1; SOIL_Z1=100; USLE_K1=0.1, SOL_K1=0.01, SOL_ALB1=0.1, Texture: blank, 
Hydologi al Gp: D  Also, the texture is water, otherwise the model would not run.  

Estu: Clay (25), sand (25), silt (50), rock=0; CBN=5; SOL_AWC=1, BD=1; SOL_K=200; 
SOL_ALB=0.25. USLE_K= 0.65; Texture: estuary. 

Quar: Clay (50), sand (25), silt (25), rock=0; CBN=1; SOL_AWC=0, BD=1.2; SOL_K=100; 
SOL_ALB=0.25. USLE_K= 0.65; Texture: quarry 

town: Clay, sand, silt, rock=0; CBN=0.05; SOL_AWC=0, BD=1; SOL_K=0; SOL_ALB=0.25; 
USLE_K=0.1. Texture: town 

The SWAT2012.mdb may be renamed SWAT2012NZ for New Zealand and this includes the “user soil” 
table as well as other parameters (landuse, etc.) that are relevant to New Zealand. However, it is 
more common to keep the file with the same name but to remember that it is local soils, landuse, 
tables that are used, when necessary. 
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Fullname 
 

fieldname description 

Auger 
consistence                

auger_consistence         An estimation of auger consistency. 

Ident                            ident                     A unique identifier for the soil profile assigned in the laboratory. 

Horizon number                   horizon number            A number assigned to the soil horizon in the field. 

Field ident                      field ident               An identifier assigned by the author for his/her own use. 

Designation                      designation               A designation for the soil horizon from Soil Survey Method. 

FAO 
Designation                  

fao_designation           A designation for the soil horizon from the FAO handbook. 

New Zealand 
Designation          

new_zealand_designation   A designation for the soil horizon from the New Zealand Soil 
Classification. 

Top                              top                       The depth to the top of the soil horizon. 

Base                             base                      The depth to the base of the soil horizon. 

Thickness                        thickness                 The depth to the bottom of the soil horizon minus the depth to the 
top of the soil horizon. 

Depth                            depth (cm)                   The depths to the top and bottom of the soil sample or horizon. 

Moisture                         moisture                  An indication of how moist the soil horizon is. 

Matrix colour 
code               

matrix_colour_code        The code for the colour of the soil matrix. 

Matrix colour                    matrix colour             The colour of the soil matrix. 

Secondary 
matrix col code        

secondary_matrix_col_code The colour code for the se ondary soil matrix. 

Secondary 
matrix colour          

secondary_matrix_colour   The colour of the secondary soil matrix. 

Ped face colour 
code             

ped_face_colour_code      The colour code for the ped face. 

Ped face colour                  ped face colour           The colour fo  the ped face. 

Rubbed colour 
code               

rubbed_colour_code        The colour code for the rubbed so . 

Rubbed colour                    rubbed_colour             The col ur of the rubbed soil. 

Mottle 
abundance                 

mottle_abundance          An estimation of the primary mottle abundance. 

Mottle size                      mottle_size               An estimation of the primary mottle size. 

Mottle contrast                  mottle contrast           An estimation of he primary mottle contrast. 

Mottle colour 
code               

mottle_colour_code        A code for the primary mottle colour. 

Mottle colour                    mottle_colour             The primary mottle colour. 

Secondary 
mottle abund           

secondary_mottle_abund    An e timation of the secondary mottle abundance. 

Secondary 
mottle size            

secondary_mottle_size     An estimation of the secondary mottle size. 

Secondary 
mottle contrast        

secondary_mottle_contra t An estimation of the secondary mottle contrast. 

Secondary 
mottle colour          

secondary_mottle colour   The secondary mottle colour. 

Texture modifier                 texture modifier          A modifier for the soil texture. 

Texture                          texture                   The texture of the top soil horizon. 

Primary 
structure grade          

primary_structure_grade   An estimation of the primary soil structure grade. 

Primary 
structure size           

primary_structure_size    An estimation of the primary soil structure size. 

Primary 
structure type           

primary_structure_type    An estimation of the primary soil structure type. 

Structure li k                   structure link            A link between primary and secondary structure. 

Secondary 
structure grade        

secondary_structure_grade An estimation of the secondary soil structure grade. 

Secondary 
structure size         

secondary_structure_size  An estimation of the secondary soil structure size. 

Secondary 
structure type         

secondary_structure_type  An estimation of the secondary soil structure type. 

Stickiness                       stickiness                An estimation of soil stickiness. 

Plasticity                       plasticity                An estimation of soil plasticity. 

Soil strength                    soil_strength             An estimation of soil strength. 

Ped strength                     ped_strength              An estimation of ped strength. 
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Chemical extraction              chemical_extraction         

Major element 
method             major_element_method        

Trace element 
method             trace element method        

Ident                            ident                     
A unique identifier for the soil profile assigned in the 
laboratory. 

Collectors                       collectors                The initials of the collectors of the soil samples. 

Collection date                  collection_date           The date the soil samples were collected. 

Chemistry analysts               chemistry_analysts        The initials of the chemical analysts of the soil samples. 

Chemistry date                   chemistry_date            The date of chemical analyses. 

Particle analysts                particle analysts         The initals of the particle size analysts. 

Particle date                    particle date             The date of the particle size analyses. 

Fabric analysts                  fabric analysts           The initials of the soil moisture analysts. 

Fabric date                      fabric date               The date of the moisture analyses. 

Mineralogy analysts              mineralogy_analysts       The initials of the mineralogical analysts. 

Mineralogy date                  mineralogy_date           The date of the mineralogical analyses. 

XRF analysts                     xrf analysts              The initials of the X-ray fluorescence analysts  

XRF date                         xrf date                  The date of X-ray fluoresence analyses. 

P available method               p available method        The method code for ava able phosphorus measurements. 

Ca removal                       ca removal                
An indication of a pretr atment of calcium removal before 
mineralogical analysis. 

H2O2                             h2o2                      
An indication of  hydrogen peroxide pretreatment before 
mineralogical analysis. 

CDB                              cdb                       
An indication of  CBD pretreatment before mineralogical 
analysis  

Ultrasound                       ultrasound                
An indication of  ultrasound pretreatment before 
mineralogical analysis. 

Grinding                         grinding                  
An indication of  grinding pretreatment before mineralogical 
analysis. 

Size fractionation               size fractionation        
An indication of  size fractionation pretreatment before 
mineralogical analysis. 

HM Density 
separation            hm_density_sepa ation     

An indication of  heavy mineral density separation 
pretreatment before mineralogical analysis. 

VG Density 
separation            vg_density_separation     

An indication of  volcanic glass density separation 
pretreatment before mineralogical analysis. 

XRD whole soil                   xrd whole so             
An indication that X-ray diffraction was used for whole soil 
ana ysis. 

DTA whole soil                   dta_whole_soil            An indication that DTA was used for whole soil analysis. 

IR whole soil                    ir who e_soil             An indication that  IR  was used for whole soil analysis. 

Optical whole soil               optical_whole_soil        
An indication that an optical microscope was used for whole 
soil analysis. 

Chem ext whole soil              chem ext wh le soil       
An indication that chemical extraction  was used for whole 
soil analysis. 

Electron mic whole 
soil          electron mic whole soil   

An indication that electron microscopy was used for whole 
soil analysis. 

Moess whole soil                 moess whole soil          
An indication that Moessbauer was used for whole soil 
analysis. 

XRD clay                         xrd_clay                  
An indication that X-ray diffraction was used for clay 
analysis. 

DTA clay                         dta_clay                  An indication that DTA was used for clay analysis. 

IR clay                          ir clay                   An indication that  IR  was used for clay analysis. 

Optica  clay                     optical_clay              
An indication that an optical microscope was used for clay 
analysis. 

Chem ext clay                    chem_ext_clay             
An indication that chemical extraction  was used for clay 
analysis. 

Electron mic clay                electron mic clay         
An indication that electron microscopy was used for clay 
analysis. 

Moess clay                       moess_clay                An indication that Moessbauer was used for clay analysis. 

XRD sand                         xrd sand                  
An indication that X-ray diffraction was used for sand 
analysis. 

DTA sand                         dta sand                  An indication that DTA was used for sand analysis. 

IR sand                          ir_sand                   An indication that  IR  was used for sand analysis. 

Optical sand                     optical sand              
An indication that an optical microscope was used for sand 
analysis. 
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Chem ext sand                    chem_ext_sand             
An indication that chemical extraction  was used for sand 
analysis. 

Electron mic sand                electron mic sand         
An indication that electron microscopy was used for sand 
analysis. 

Moess sand                       moess sand                An indication that Moessbauer was used for sand analysis. 

XRD heavy minerals               xrd heavy minerals        
An indication that X-ray diffraction was used for heavy 
mineralsl analysis. 

DTA heavy minerals               dta heavy minerals        An indication that DTA was used for heavy mineral analysis. 

IR heavy minerals                ir_heavy_minerals         An indication that  IR  was used for heavy mineral analysis. 

Optical heavy 
minerals           optical heavy minerals    

An indication that an optical microscope was used for heavy 
mineral analysis. 

Chem ext heavy 
minerals          chem ext heavy minerals   

An indication that chemical extraction  was used for heavy 
minerals analysis. 

Electron mic heavy 
mins          electron mic heavy mins   

An indication that electron microscopy was used for heavy 
minerals analysis. 

Moess heavy 
minerals             moess_heavy_minerals      

An indication that Moessbauer was used for heavy minerals 
analysis. 

XRD silt                         xrd_silt                  An indication that X-ray diffraction was used for silt analysis. 

DTA silt                         dta silt                  An indication that DTA was used for silt analysis. 

IR silt                          ir silt                   An indication that  IR  was use  for silt analysis. 

Optical silt                     optical silt              
An indication that an optical microscope was used for silt 
analysis. 

Electron mic silt                electron_mic_silt         
An indication that electron microscopy was used for silt 
analysis. 

Chem ext silt                    chem_ext_silt             
An indication that chemical extraction  was used for silt 
analysis. 

Moess silt                       moess_silt                An indicati n t at Moessbauer was us d for silt analysis. 

Mg whole soil                    mg_whole_soil             
An indication that the XRD method used magnesium 
treatment for the whole soil and glass slides. 

Mg glycerol whole 
soil           mg glycerol whole soil    

An indication that the XRD method used 
magnesium/glycerol treatment for the whole soil and glass 
slides. 

Mg heat whole soil               mg_heat_whole_soil        
An indication that the XRD method used magnesium/heat 
treatment for the whole soil and glass slides. 

K whole soil                     k_whole_soil              
An indicati n that the XRD method used potassium 
treatment for the whole soil and glass slides. 

K heat whole soil                k heat whole soil         
An indication that the XRD method used potassium/heat 
treatment for the whole soil and glass slides. 

Acetone whole soil               acetone whole soil        
An indication that the XRD method used acetone treatment 
for the whole soil and glass slides. 

Powder whole soil                powde whole soil         
An indication that the XRD method used powder for the 
whole soil. 

Tile formamide 
whole soil        tile_formamide_whole_soil 

An indication that the XRD method used formamide/tile for 
the whole soil. 

Mg clay                          mg_clay                   
An indication that the XRD method used magnesium 
treatment for the clay and glass slides. 

Mg glycerol clay                 mg glycerol clay          
An indication that the XRD method used 
magnesium/glycerol treatment for the clay and glass slides. 

Mg heat clay                     mg hea clay              
An indication that the XRD method used magnesium/heat 
treatment for the clay and glass slides. 

K clay                           k clay                    
An indication that the XRD method used potassium 
treatment for the clay and glass slides. 

K heat clay                      k_heat_clay               
An indication that the XRD method used potassium/heat 
treatment for the clay and glass slides. 

Acetone clay                     acetone_clay              
An indication that the XRD method used acetone treatment 
for the clay and glass slides. 

Powder clay                      powder_clay               An indication that the XRD method used powder for the clay. 

Tile formamide clay              tile_formamide_clay       
An indication that the XRD method used formamide/tile for 
the clay. 

Mg sand                          mg sand                   
An indication that the XRD method used magnesium 
treatment for the sand and glass slides. 

Mg glycerol sand                 mg glycerol sand          
An indication that the XRD method used 
magnesium/glycerol treatment for the sand and glass slides. 

Mg heat sand                     mg heat sand              
An indication that the XRD method used magnesium/heat 
treatment for the sand and glass slides. 
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K sand                           k_sand                    
An indication that the XRD method used potassium 
treatment for the sand and glass slides. 

K heat sand                      k heat sand               
An indication that the XRD method used potassium/heat 
treatment for the sand and glass slides. 

Acetone sand                     acetone sand              
An indication that the XRD method used acetone treatment 
for the sand and glass slides. 

Powder sand                      powder_sand               
An indication that the XRD method used powder for the 
sand. 

Tile formamide sand              tile_formamide_sand       
An indication that the XRD method used formamide/tile for 
the sand. 

Mg heavy minerals                mg_heavy_minerals         
An indication that the XRD method used magnesium 
treatment for the heavy minerals and glass slides. 

Mg glycerol heavy 
mineral        mg glycerol heavy mineral 

An indication that the XRD method used 
magnesium/glycerol treatment for the heavy minerals and 
glass slides. 

Mg heat heavy 
minerals           mg_heat_heavy_minerals    

An indication that the XRD method used magnesium/heat 
treatment for the heavy minerals and glass slides. 

K heavy minerals                 k_heavy_minerals          
An indication that the XRD method used potassium 
treatment for the heavy minerals and glass slides  

K heat heavy 
minerals            k heat heavy minerals     

An indication that the XRD method used potassium/heat 
treatment for the heavy minerals and gla s sl des. 

Acetone heavy 
minerals           acetone heavy minerals    

An indication that the XRD method used acetone treatment 
for the heavy minerals and glass slides. 

Powder heavy 
minerals            powder heavy minerals     

An indication that the XRD method used powder for the 
heavy minerals. 

Tile formamide 
heavy mins        tile_formamide_heavy_mins 

An indication that the XRD method used formamide/tile for 
the heavy minerals. 

Mg silt                          mg_silt                   
An indication that the XRD method used magnesium 
treatment for the silt and glass slides. 

Mg glycerol silt                 mg glycerol silt          
An indication that the XRD method used 
magnesium/glycerol treatment for the silt and glass slides. 

Mg heat silt                     mg heat silt              
An indication that the XRD method used magnesium/heat 
treatment for the silt and glass slides. 

K silt                           k_silt                    
An indication that the XRD method used potassium 
treatmen  for the silt and glass slides. 

K heat silt                      k_heat_silt               
An ndication that the XRD method used potassium/heat 
treatment for the silt and glass slides. 

Acetone silt                     aceton silt              
An indication that the XRD method used acetone treatment 
for the silt and glass slides. 

Powder silt                      powder_s lt               An indication that the XRD method used powder for the silt. 

Tile formamide silt              ile formamide silt       
An indication that the XRD method used formamide/tile for 
the silt. 

PHH2O method                     phh2o_method              The method code for pH H2O. 

PHKCl method                     phkcl_metho               The method code for pH KCl. 

PHNaF method                     phnaf method              The method code for pH in sodium fluoride. 

PHCaCl method                    phcacl method             The method code for pH in calcium chloride. 

Carbon method                    carbon method             The units for the carbon measurement value. 

Nitrogen method                  nitrogen method           The units for nitrogen measurements. 

Soluble basic cations 
met        soluble basic cations met The method code for soluble basic cations measurements. 

Li green Kelly whole 
soil        li green kelly whole soil 

An indication that the XRD method used the lithium Greene-
Kelly treatment for the whole soil and glass slides. 

Li green Kelly clay              li_green_kelly_clay       
An indication that the XRD method used lithium Greene-
Kelly treatment for the clay and glass slides. 

Li green Kelly sand              li_green_kelly_sand       
An indication that the XRD method used lithium Greene-
Kelly treatment for the sand and glass slides. 

i green Kelly heavy 
mins        li green kelly heavy mins 

An indication that the XRD method used lithium Greene-
Kelly treatment for the heavy minerals and glass slides. 

Li green Kelly silt              li green kelly silt       
An indication that the XRD method used lithium Greene-
Kelly treatment for the silt and glass slides. 

Table A4 The fields and their descriptions in the nzmethods table in the NSD. 

 

Particle size 
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Ident                            ident                                    

ODOE                             odoe                                     

Fe Dithionite citrate            fe_dithionite_citrate     %            Dithionite-citrate extractable iron. 

K25 Saturation                   k25_saturation            mS/cm          

Calcium carbonate                calcium_carbonate         %            A measurement of soil total carbon in air-dried soil. 

Soluble salts K25                soluble_salts_k25         %            A measurement of water-soluble potassium on a water 
extract of air-dried soil. 

Sample id                        sample_id                              A unique identifier for the analytical soil sample assigned 
by the laboratory. 

PH H2O                           ph_h2o                                 A measurement of soil pH in a water suspension using 
air-dried soil. 

PH KCl                           ph_kcl                                 A measurement of soil pH in a potassium chloride 
solution using air-dried soil. 

PH NaF                           ph_naf                                 A measurement of soil pH in a sodium fluoride solution 
using air-dried soil. 

PH Moist                         ph_moist                               A measurement of soil pH in a water suspension using 
moist soil. 

PH CaCl                          ph_cacl                                A measurement of soil pH in a calcium chloride 
suspension using air-dried so l. 

Carbon                           carbon                    %            A measurement of soil total carbon in air-dried soil. 
(g/100g) 

Nitrogen                         nitrogen                  %            A m asurement of soil total nitrogen in air-dried soil. 

P Truog Available                p_truog_available         mg/kg        A measurement of available phosphorus based on 
Truogs method.. 

P Olsen Available                p_olsen_available         mg/kg        A measurement of available phosphorus based on 
Olsens method. 

P Bray Available                 p_bray_available          mg/kg        A measurement of available phosphorus based on Brays 
method. 

P acid soluble                   p acid soluble            mg/kg        A meas rement of inorganic unfixed phosphorus. 

P inorganic                      p_inorganic               mg/kg        This alue is the total phosphorus value less the organic 
phosphorus value. 

P organic                        p organic                 mg/kg        A measurement of organic phosphorus. 

P Total                          p total                   mg/kg        A measurement of total phosphorus. 

P retention                      p_retention               %            A measurement of phosphate retention which shows the 
degree to which soil removes phosphorus from solution. 

CEC                              cec                       cmol(+)/kg   A measurement of cation exchange capacity which 
shows the amount of cation that a soil can hold when a 
salt solution is leached through it. 

Sum bases                        sum_bases                 cmol(+)/kg   This value is the sum of the individual exchangeable 
cations Calcium, Magnesium, Potassium and Sodium. 

Base saturation                  base_satu ation           %            This value is the sum of the cations divided by the cation 
exchange capacity as a percentage. 

Exchange Ca                      e change ca               cmol(+)/kg   A measurement of exchangeable calcium. 

Exchange Mg                      exchange mg               cmol(+)/kg   A measurement of exchangeable magnesium. 

Exchange K                       exchange k                cmol(+)/kg   A measurement of exchangeable potassium. 

Exchange Na                      exchange_na               cmol(+)/kg   A measurement of exchangeable sodium. 

KCl extractable Al               kcl_extractable_al        cmol(+)/kg   A measurement of potassium chloride extractable 
aluminium. 

Titratable acidity               titratable_acidity        cmol(+)/kg   Cation exchange capacity at pH 8.2. 

Kc                               kc                        cmol(+)/kg   A measurement of the reserve potassium or long-term 
potassium-supplying power of soil. 

S Total                          s_total                   mg/kg        A measurement of total sulphur in soil. 

S Phosphate extr                 s_phosphate_extr          mg/kg        A measurement of soil phosphate extractable sulphur. 

SO4 Phosphate extr               so4_phosphate_extr        mg/kg        A measurement of soil phosphate extractable sulphate. 

C Pyrophosphate                  c_pyrophosphate           %            A measurement of soil pyrophosphate extractable 
carbon. 

Fe Pyrophosphate                 fe_pyrophosphate          %            Soil pyrophosphate extractable iron. 

Al Pyrophosphate                 al_pyrophosphate          %            Soil pyrophosphate extractable aluminium. 

Fe Acid oxalate                  fe acid oxalate           %            Soil acid oxalate extractable iron. 

Al Acid oxalate                  al acid oxalate           %            Soil acid oxalate-extractable aluminium. 

Si Acid oxalate                  si acid oxalate           %            Soil acid oxalate-extractable silicon. 

Mn Acid oxalate                  mn_acid_oxalate           %            Soil acid oxalate-extractable manganese. 

Al Dithionite citrate            al_dithionite_citrate     %            Dithionite-citrate extractable aluminium. 

Stones air dry                   stones_air_dry            %            A measurement of stones in the air dried soil > 2 mm. 

Stones                           stones                    %            A measurement of stones in the field sample. 
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Suborder                         suborder                    

Greatgroup5                      greatgroup5                 

Great group                      great_group                 

Subgroup                         subgroup                    

Family qualifier                 family_qualifier            

Family                           family                      

Control section                  control_section             

Topdress                         topdress                    

NZ Revised order                 nz_revised_order          
A code for the classification of New Zealand revised 
order. 

NZ Revised group                 nz_revised_group          
A code for the classification of New Zealand revised 
group. 

NZ Revised subgroup              nz_revised_subgroup       
A code for the classification of New Zealand revised 
subgroup. 

Date observed                    date_observed             The date when the profile was described. 

Author                           author                    
The initals of the people who described the soil in the 
field. 

Survey code                      survey_code               A code to identify the soil su vey. 

Survey                           survey                    The name of the soil survey in ull. 

Survey free                      survey free               Additional information about the soil survey  

Region                           region                    The region wher  the describe soil is. 

Map series                       map_series                The map series used for the grid reference. 

Map number                       map_number                
The number of the map in the map series for the grid 
referen e  

East                             east  (m)                    The NZMG  easting of the grid reference. 

North                            north (m)               The NZMG northing of the grid eference. 

Locality                         locality                  
A desc iption of the loc lity of the sample in relation to 
r ad names, fence li es etc. 

Annual rain                      annual_rain               The annual rainfall at he site. 

Mean annual temp                 mean_annual_temp          The annual temperature at the site. 

Mean temp warm month             
mean_temp_warm_mont
h      

The mea  temperature at the site for the warmest 
m nth  

Mean temp cold month             mean_temp_cold_month      The mean temperature at the site for the coldest month. 

Altitude                         altitude                  Alti ude of the site. 

Element                          element                   
The element of the position in the landscape of the soil 
p ofile.. 

Landform                         andform                  
The landform of the position in the landscape of the soil 
profile. 

Landscape                        landscape                 The landscape in which the profile is described. 

Landform genesis                 landfo m_genesis          The landform genisis of the of the site of the soil profile. 

Micro relief                     micro_ elief              A description of the microrelief at the site. 

Slope shape                      slope_shape               a description of the slope shape. 

Slope face                       slope_facet               A description of the slope facet. 

Slope angle                      sl pe_angle               The angle of the slope at the site. 

Slope length                     slope_length              The length of the slope at the site. 

Slope aspect                     slope_aspect              The aspect of the slope at the site. 

Rock outcrops                    rock_outcrops             The quantity of rock outcrop at the site. 

Stone cover                      stone_cover               
A measurement of the soil surface covered by stones at 
the site.. 

Surface st ne size               surface_stone_size        A measurement of the soil surface stone size. 

Surface tone kind               surface_stone_kind        The kind of surface stones. 

Oversown                         oversown                  Has the site been oversown? 

ertilised                       fertilised                Has the site been fertilised? 

Ploughed                         ploughed                  Has the site been ploughed? 

Irrigated                        irrigated                 Is the site irrigated? 

Drained                          drained                   Has the site been drained? 

Subsoiled                        subsoiled                 Has the site been subsoiled? 

Erosion control wind             erosion_control_wind      Is there any wind erosion control at the site? 

Erosion control water            erosion control water     Is there any water erosion control at the site? 

Slope movement area              slope_movement_area       
An estimate of the area affected by slope movement at 
the site. 
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Irrigated                        irrigated                 Is the site irrigated? 

Drained                          drained                   Has the site been drained? 

Subsoiled                        subsoiled                 Has the site been subsoiled? 

Erosion control wind             erosion control wind      Is there any wind erosion control at the site? 

Erosion control water            erosion control water     Is there any water erosion control at the site? 

Slope movement 
area              slope movement area       

An estimate of the area affected by slope movement at 
the site. 

Slope movement type              slope movement type       The type of slope movement at the site. 

Soil erosion topsoil 
loss        soil erosion topsoil loss An estimate of soil eroson topsoil loss. 

Flooding                         flooding                  The frequency at which flooding occurs. 

Profile Drainage                 profile drainage          An estimate of profile drainage. 

Land use                         land_use                  A land use classification for the site. 

site id                          ident                     
A unique identifier for the soil profile assigned in the 
laboratory. 

Field ident                      field_ident               An identifier assigned by the author for his/her own use. 

Series name                      series_name               Soil series name. 

Type qualifier                   type qualifier            A textural name, colour or other distinguishing feature. 

Correlation status               correlation_status        
This indicates whether or not the soil has been 
correlated. 

NZG                              nzg                       A New Zealand genetic group code. 

NZ Genetic                       nz genetic                The New Zealand genetic group in full text. 

NZ Class free                    nz_class_free             
Other features for the New Zealand genetic 
classification. 

Leached                          leached                   Indication of the degree of leaching  

Gleyed                           gleyed                    Indication of the degree of gleying. 

Vegetation type                  vegetation type           A classificati n of vegetation type at the site. 

Vegetation species               vegetation species        
A list of v geta ion species at the site in no particular 
order. 

Parent material 
weather          parent_material_weather   

An es imation of the degree f weathering of the parent 
material. 

Parent material 
consist          parent_material_consist   An estimate of the in situ parent material consistence. 

Parent material 
cement           parent material cement    Description of the parent material cementation. 

Parent material joint            parent_material_jo nt     Discription of the parent material jointing. 

Parent rock modifier             parent_rock_modifier      A mod fie  for the parent rock. 

Parent rock                      parent rock               Parent rock. 

Parent rock free 
format          parent_rock_free_format   Other important features for parent rock. 

Site Notes                       site_notes                N tes about the site that are not covered elsewhere. 

Elite                            elite                     Whether or not the soil is described as elite. 

VCMNZ Veg class 
                vcmnz                     Vegetation Cover Map mappings 

NZSC                             ALIAS                     New Zealand Soil Classification (A.E.Hewitt, ed.2 1998) 

East (NZMG)                      ALIAS                     Easting in NZMG Projection (Datum NZGD1949) 

North (NZMG)                     ALIAS                     Northing in NZMG Projection (Datum NZGD1949) 

East (NZTM)                      ALIAS                     Easting in NZTM Projection (Datum NZGD2000) 

North (NZTM)                     ALIAS                     Northing in NZTM Projection (Datum NZGD2000) 

Table A10. The fields and their descriptions in the Site table in the NSD. 
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