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If we think pragmatically 
about the kinds of data 
acquisition allowed by 
our resources  (time, 
knowledge, skills, 
technologies, and 
budget ) . . .

what are the most logical, 
economical, scientifically 

sound, and relevant things 
we can do to prepare for 

th widest spectrum of 
potential needs?
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OBJECTIVESOBJECTIVESOBJECTIVES

• Review historical and mandated 
missions of soil survey

• Relate water to soil profiles and soil 
landscapes to illustrate the 
connections.

• Quickly review implications in terms 
of data.
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•• Relate water to soil profiles and soil Relate water to soil profiles and soil 
landscapes to illustrate the landscapes to illustrate the 
connections.connections.

•• Quickly review implications in terms Quickly review implications in terms 
of data.of data.



The Purposes of Soil Survey
C.E. Kellogg (1951)
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1. Map the distributions of soils.

2. Classify soils.

3. Develop interpretations of soils.

4. Gather relevant information about soils.

5. Provide information to people who need or 

request it.
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National Soil Survey Center
Investigations and Laboratory

1. Make an inventory of the soil resources of the United 
States; 

2. Keep the soil survey relevant to ever-changing needs; 
3. Interpret the information and make it available in a 

useful form; and 
4. Promote the soil survey and provide technical 

assistance in its use for a wide range of community 
planning and resource development issues related to 
non-farm and farm uses.  

The Mandated (Legislated) Soil Survey 
Missions

Survey Program in Public Law 89-560  (Soil Survey for Resource 
Planning and Development Act)



UNIFYING PRINCIPLESUNIFYING PRINCIPLES

• Temporal and spatial distributions  of water 
create soil change (soil genesis) and drive 
most geomorphic processes.

• Water is the an integrating component 
between soils and their landscapes.

• Soil morphology is the reflection of hydrology 
and integrates soil development over time.

• Pedology is key to modeling and predicting 
water-related processes in landscapes.



Operational EntitiesOperational Entities

• Taxonomic unit

• Mapping unit

• Functional unit



“Recognition that 
the soil profile is 

the historical 
record of the 

development of 
that soil is the 

most important 
discovery in 
pedology.”

D. H. Yaalon (1983)



Complete soil profile 
descriptions, with 

associated chemical, 
physical and 

mineralogical data can 
be used with knowledge 

of soil water 
distributions to 

extrapolate from point 
sources to volumes.

These are fundamental, 
scale-independent data.



When the soil and water 
data are linked to allow 

an understanding of 
processes, the 

technological terrain 
attribute data have 

added value and 
relevance. . . they 

actually have 
quantitative applications 

beyond surficial
attribute uses.



Pacific Northwest Spodosol in loess and ash over 
two kinds of glacial till.  

Ash and loess

Ablation till 
(loose)

Basal till 
(dense)

(Note water “perched” over 
dense basal till)

(Note water “perched” over 
dense basal till)



Downslope water movement in 
loess over paleosol from limestone

Downslope water movement in 
loess over paleosol from limestone

Water flows downhill 
underground!!!



The Hydrologic Cycle

Precipitation
(frequency, duration, intensity)

Amount of storage depends on texture, structure, depth, etc.
Soil as a water storage unit

Vegetation intercepts
and transpires water

and holds soils.

Topography controls
and directs runoff

Infiltration (permeability)

Percolation to groundwater or surface water.



Primary, secondary and tertiary structure in 
forest soil.  Note roots following structure.





Loess over 
oxidized till over 

unoxidized till 
(central MO)

Till oxidizing 
“from the 

outside in”
along deep 
ped faces.



Mn concretions

Fe concretions

Direction of water
movement



Created Landscape & Soils
FALKIRK Mine, ND
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Equipotential lines

Recharge         DischargeDischarge                Recharge

Recharge
Flowthrough

Discharge

Recharge
Recharge

Recharge

16

HUMID

SUB-HUMID

SEMI-ARID

Climatic Influences on Water Tables

Richardson et al. 1991

Presenter�
Presentation Notes�
. An examination of soils from Iowa (top figure) to North Dakota (middle) and Saskatchewan (bottom) found that the soils in the depressions varied such that the soils from Iowa indicated discharge, North Dakota had Recharge in the higher areas flowthrough and discharge lower. The Saskatchewan had a dominance of recharge wetlands with argillic horizons. (Richardson et al.1991) & now Wysocki et al.�



Hummocky topography 
results in many local 

groundwater-flow systems.

Hummocky topography 
results in many local 

groundwater-flow systems.
• Long, even slopes 

produce simple 
flow-systems
Choppy slopes of 
high relief 
produce complex 
flow-systems

After Toth, and
Winter

Presenter�
Presentation Notes�
The presence of hummocky topography and poorly integrated surface drainage  has a great impact on groundwater flow systems that was not fully appreciated until the advent of numerical methods and computer programs that accurately model groundwater flow.

What you see here is a flow net simulation of the influence of water table topography on groundwater flow first noted by joe Toth in1963.

The height of the bars above the cross-section is equivalent to the water table elevation.  Equipotential lines are dashed, streamlines are dotted, and the direction of groundwater movement is noted by the large arrows.

What we see is that long slopes......

However, choppy slopes that would be characteristic of hummocky glacial topography produce complex flow systems consisting of local to regional flow systems.

Local systems are isolated from each other and the regional flow.

Effects on transport of the products of weathering.

Conflicting information about the relationship between the water table topography and the land surface topography.

WHICH IS RIGHT?  

Insight by comparing groundwater recharge and discharge in humid and subhumid hummocky landscapes.�



Wysocki et al. 2006

SOIL GEOMORPHIC INSTITUTESOIL GEOMORPHIC INSTITUTE
Geomorphology, stratigraphy, Geomorphology, stratigraphy, 

pedology, and hydrologypedology, and hydrology

Recognizing the components, 
understanding and 

interpreting the linkages and 
interactions



National Soil Survey Center
Investigations and Laboratory

Fallacy
We are data rich and information poor.

We are data sporadic, correlations unknown, and 
“system process” uncertain.

Reality



SummarySummary

• In the rush to embrace technology to model the 
terrain attributes, let us not forget the pedological
and geomorphological underpinnings of soil 
science.

• The soil profile is the template for identifying and 
obtaining relevant data, and the key to extrapolating 
these data from points to volumes.

• Terrain attribute models will require field validation 
at relevant scales and precision, and must be 
climate, landscape and land-use specific. 
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