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PROJECT OBJECTIVES: 
 
1.) Investigate the difference in infiltration and runoff generation mechanisms under 

different tillage systems. (UI) 
2.) Study the impact of major field factors on rill/gully formation under different tillage 

systems. (WSU) 
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STATEMENT OF PROBLEM: 
Soil erosion and sediment delivery to streams are among the major concerns of producers, 
government agencies, and environmental communities due to the loss of productive soil and the 
potential environmental impacts. In the Northwestern Wheat and Range Region producers 
generally use one of three different types of management techniques: conventional tillage, 
conservation tillage, or direct seed. The effectiveness of these techniques at minimizing erosion 
has varied widely. We need better understanding how the effectiveness of these management 
practices in minimizing erosion varies with the local climate, soil types, and topography. If we 
understand better the physical processes controlling runoff generation and erodibility, we can 
develop tools for managers in the selection of optimal management practices that are better 
suited for the particular climate zone, soil type, and topography.   
 
ZONE OF INTEREST:  high precipitation zone 
 
ABSTRACT OF RESEARCH FINDINGS: 
After an unusually dry winter in the first year of the study (winter 2004/2005), the second year 
(winter 2005/2006) of this study was wetter than usual. Collectively, the data sets have provided 
a better understanding of the impact of climate, soil type, management practice, and topography 
on runoff generation and soil erosion across different landscapes in the high precipitation zone of 
the Northwestern Wheat and Range Region. The wetter year led to both saturation excess and 
Hortonian runoff. Widespread saturation excess runoff occurred in convergent zones of fields 
having argillic soil layers, regardless of the tillage management practice. Hortonian runoff 
occurred only at the conservation tillage field site seeded to winter wheat following peas. High 
surface roughness and residue cover were effective in minimizing erosion and encouraging soil 
deposition. Like the previous year the soil froze for a short period during the winter even at the 
direct seed site, however the soil thawed before any measurable runoff occurred. Similar to the 
drier 2005 winter, subsurface perched water tables developed on somewhat discontinuous buried 
argillic horizons. At two of the sites shallow restrictive layers on top of “clay knobs” lead to 
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surface saturation. The direct-seed site did not have a clay knob, but an argillic horizon at the 
midslope position led to the development of a perched water table. Shallow plow pans have not 
been a major factor in generating surface runoff and erosion. We see subsurface restrictive layers 
as a key factor in the generation of runoff especially as land managers use conservation tillage 
techniques that improve infiltration and increase surface cover. Preliminary comparisons 
between observed and simulated saturation patterns using the Soil Moisture Routing model are 
encouraging.  
       
RESULTS AND INTERPRETATION: 
This project was divided in two major tasks corresponding to two project objectives listed above. 
Task 1 investigated infiltration and runoff generating processes in a conventional tilled site, a 
conservation tillage site, and a direct seed site. Task 2 investigated major factors controlling 
seasonal changes in soil erodibility at each site. We first describe the location of each site and the 
climate variability for the second year of study, and then we describe results by task.  
 
-  Research Sites 
Three research sites were used in this investigation, all located in the high precipitation zone of 
the Northwestern Wheat and Range Region. The conservation tillage site had the highest 
elevation and received slightly more precipitation than the other two sites. All three sites are 
characterized by a silt loam topsoil and some argillic soil horizons within 1.5 m of the soil 
surface. The effect of these horizons on runoff generation is discussed. 
 
- Climate for the 2005 and 2006 Water Years 
In contrast to the 2005 winter, the climate for the 2006 winter was wetter than the 30 year 
average for the region. Figure 1 shows minimum and maximum daily temperature, cumulative 
precipitation, 30 year average cumulative precipitation and snow depth for the 2006 winter 
recorded at the Moscow weather station. In 2005 the Moscow weather station recorded only 10 
mm of precipitation between 1/18/2005 and 3/18/2005. In 2006 the Moscow weather station 
recorded 175 mm (6.87 inches) of precipitation in January alone which is twice the 30 year 
average for January (79 mm, 3.12 inches). The coldest weather occurred in December and 
coincided with a three week period of continuous snow cover. Soil frost developed during this 
time however snowmelt was slow and did not coincide with any heavy rain storms.  



 19

-30

-20

-10

0

10

20

30

40

50

10/1/2005 10/31/2005 11/30/2005 12/30/2005 1/29/2006 2/28/2006

A
ir 

Te
m

pe
ra

tu
re

 (C
) 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C
um

ul
at

iv
e 

P
re

ci
p 

an
d 

S
no

w
 D

ep
th

 (m
)

Tmax
Tmin
Snow Depth
Cumulative Precip
Normal Cumulative Precip

2006 Moscow Weather

 
Figure 1. Minimum and maximum daily air temperature, cumulative precipitation, normal 
cumulative precipitation (30 year average), and snow depth recorded at Moscow, ID for 2006.  
 
Objective 1. Investigate the difference in infiltration and runoff generation mechanisms 
under different tillage systems.  
 
At each research site we identified three slope positions which were instrumented to determine 
the fundamental process causing surface runoff for different events. The possible runoff 
producing processes included saturation-excess runoff (i.e., runoff which occurs because the soil 
can not store any more water) due to a restrictive argillic horizon, saturation-excess runoff due to 
a restrictive plow pan, runoff which occurs on frozen soil, and runoff which occurs because the 
rainfall intensity exceeds the infiltration capacity of the soil. Runoff was measured from 3 m x 8 
m (9.8 ft x 26.2 ft) plots with tipping bucket flow gages. Both a deep and shallow monitoring 
well was installed by each plot. The deep well was installed down to an argillic horizon or to 
approximately 1.5 m (5 ft) if no argillic horizon was found. The shallow well was installed above 
the plow depth. Each well was instrumented with a pressure sensor to record perched water depth 
every hour. Two thermocouples were installed beside each plot at 0.1 m and 0.5 m to monitor 
hourly changes in soil temperature to indicate the presence of a frozen soil layer. Frost tubes 
were installed at each hillslope location as a secondary measure to monitor soil freezing. In order 
to better understand the variability in the perched water at each site additional monitoring wells 
were installed between each of the hillslope positions.  
 
Task 1.1. Tillage system characterization 
One of the most interesting aspects of the study was the observed variability in the argillic 
horizon and its influence on the development of perched water. A map showing the variability of 
the argillic horizon was already developed for the direct seed site by the USDA-ARS under the 
direction of David Huggins. Approximately 40 soil cores were extracted using a giddings probe 
from the conservation tillage site and 200 soil cores extracted from the conventional tillage site 
following a 30 m gridded sample pattern. Although we noticed general trends between 
topographic position and soil horizons, there were some exceptional soil features, particularly at 
the direct seed site, which appear more or less random. Generally, the argillic horizons in the 
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direct seed and conventional tillage sites occur in the Thatuna soils. There seems to be a slight 
tendency for the shallowest argillic horizons at both these sites to occur at the toe-slopes and the 
flat bottom-land. The conventional tillage site has a nearly continuous argillic horizon and is 
described as a Southwick soil type in the Latah County soil survey (Barker, 1981). The 
conventional tillage site has a shallow clay pan or “clay knob” on the ridge line. The research in 
this project and recent other projects indicates that the presence of argillic horizons and clay 
knobs are very important in describing the hydrology of a particular landscape. The distribution 
of each soil layer will be included in the results section for each site below. 
 
Task 1.2. Measurements of major field parameters for runoff generation 
The majority of the runoff and erosion occurred during a two week period in January. The 
Moscow weather station recorded rain every day from January 6th to January 22nd. The total rain 
during this period was 143 mm (5.6 inches). Two main events occurred on January 11th and 
January 18th. Moscow weather station reported that 63 mm (2.5 inches) of rain fell during 
January 10th and 11th and one week later another 31 mm (1.2 inches) of rain fell on January 17th 
and 18th. Although the 10th and 11th event had more rainfall, the largest runoff event occurred on 
January 18th. These events will be discussed below for each site. 
 
Direct Seed Site 
The direct seed research site was planted to winter wheat during the fall of 2005 with the 
exception of the flat bottom land which was planted to alfalfa in May of 2006. Figure 2 
shows a cross-sectional profile of the hillslope, the depth of the well, the depth to an argillic 
horizon, and the maximum water table depth reached at each well location for 2006 water 
year. Thirteen wells were installed along the hillslope. The top three locations did not have 
an identifiable argillic horizon, however a distinct argillic horizon was present below the 
upper and midslope runoff plots. Like the top of the hill, no argillic horizon was present 
immediately downslope of the lower runoff plot, but it was found again in the four lower 
well locations. The water table never reached the soil surface except at the lowest well 
location during the 2005 season. However, in the 2006 season the water table reached the 
surface multiple times at well 8 (labeled “Down-slope well” in Figure 2) in addition to well 1 
at the bottom of the slope. Figure 3 shows the development of the perched water table for the 
midslope wells (Wells 7-10) for 2006 season. Like the 2005 water year, measurements in 
2006 indicate that the perched water depth increased with slope length. Since little water can 
percolate through an argillic layer the perched water table develops and then drains laterally 
downslope resulting in a thickening of the perched water layer with distance downslope. The 
argillic horizon becomes deeper downslope of well 8 and as a result the water table drops 
below the soil surface, see Figure 3. This effect could be clearly seen on 1/18/2006 when 
surface saturation could be seen near well 8 at the top of the plot but no runoff occurred at 
the bottom of the plot near well 7. Although surface saturation was observed in the upper 
portion of the lower runoff plot, no runoff left either plot during the 2005 or 2006 season. As 
described by these data, the occurrence of saturation excess surface runoff is controlled 
almost entirely by the presence and depth of the argillic horizon.  
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Figure 2. Hillslope profile, with well locations, depth of the well, depth to the top of the argillic 
horizon, and the maximum water table depth observed during the winter of 2006 at the direct-
seed site. 
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Figure 3. Perched water depth readings at wells 7, 8, 9, and 10 during the 2006 season. 

 
Conventional Tillage Site 
At the conventional tillage site three plots were installed on a west facing hillslope during the 
2006 winter. The farmed area of the field was in a rough plowed condition following a barley 
crop and was later seeded to canola in the spring of 2006. A second transect of four wells was 
installed on another north facing slope in perennial grass, where typically a large snow drift 
develops, to investigate the influence of snow drifting on runoff and subsurface saturation. As 
seen in Figure 4, we did not find an argillic horizon below the runoff plots in the 2.88 m soil 
cores taken with the giddings probe. The depth to the argillic horizon in the north facing transect 
ranged from 0.3 m at the top of the ridge to 1.2 m throughout the midslope region to greater than 
200 cm at the toe slope, see Figures 5 and 6.  Despite the unusually wet year, no runoff, erosion, 
or perched water tables developed at the runoff plot sites during the 2006 year. This is an 
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important finding since it emphasizes the importance of argillic horizons in the development, or 
in this case the lack of development, of a perched water table. In contrast to the runoff plots, 
perched water tables and saturation excess runoff occurred on the north facing grassed transect 
(see Figures 5 and 6). Like the 2005 winter, the shallow upper well recorded multiple periods of 
saturation excess runoff during the 2006 winter (Figure 6). The perched water table on the 
midslope locations decreased with distance down slope with the deeper soils.    

   
Figure 4. Location of plots and north facing transect in relation to the depth to an argillic 
horizon. Notice plots installed on a slope where no argillic horizon was detected. 

Plots North 
Facing  
Transect 



 23

764

766

768

770

772

774

776

778

780

782

784

786

0 20 40 60 80 100 120 140
Distance (m)

E
le

va
tio

n 
(m

)
Soil Surface
Well locations
Argillic Horizon
Depth of Well
Max. WT Depth

W13

W14

W15

W16
W17

W18
W19

 
Figure 5. A hillslope profile of the north facing hillslope at the conventional tillage site. W17-
W18 were not installed during the 2006 season. 
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Figure 6. Perched water depth measured at wells 13-16; notice multiple periods of saturation at 
the shallow upper well 13 location.  
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Conservation Tillage Site 
During the 2006 winter runoff and erosion were most wide-spread at the conservation tillage site, 
which was seeded to winter wheat following peas on the upper half of the field and winter wheat 
following spring barley on the lower half of the field. Surface residue was noticeably less on the 
upper half of the field than on the lower half of the field. The runoff plots and wells were 
installed in the same locations as during the 2005 winter. The high precipitation on January 10th-
11th and January 17th-18th resulted in localized Hortonian runoff in the upper half of the field and 
saturation-excess runoff in the lower half of the field. Although several rills and a few gullies 
formed in the field during these events, no rilling or erosion occurred in the plots. As seen in 
Figures 7 and 8, the lowest toe-slope well saturated to the soil surface during the January 10th 
event and remained there over the next month. Surface runoff was measured during the January 
18th event (see Figure 8) and most likely occurred during the January 10th event but there were 
problems with the tipping bucket runoff device during this event. Since the perched water table 
at the mid-slope and upper slope locations remained below the soil surface for these events, these 
runoff events were caused by a Hortonian runoff processes.  
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Figure 7. Perched water depth measured in deep wells at the conservation tillage site.  
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Figure 8. Surface runoff from the upper and mid-slope plots during the January 18th event at the 
conservation tillage site.  
 
Task 1.3. Watershed scale runoff generation 
To improve our understanding of surface runoff generation at the watershed scale we mapped 
runoff generation areas and rills with a GPS unit on selected days during the year. Figures 9 and 
10 identify saturated areas measured at the direct-seed, conventional tillage, and conservation 
tillage sites during the 2006 winter. These maps were used to assess the accuracy of our 
distributed Soil Moisture Routing model. Measured and modeled spatial runoff patterns are quite 
similar (see Figure 10).  
 

 
Figure 9. Mapped saturated areas and rills on 2/6/2006 at the conservation tillage site (left). 
Mapped saturated areas on 4/7/2006 at the conventional tillage site (right).  
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Figure 10. Mapped saturated areas at the direct seed site on 2/7/2006 (left). Measured saturated 
areas (red polygons) mapped over simulated saturated areas (blue and pink pixels) throughout 
the direct seed site (right). 

 

Objective 2. Study the impact of major field factors on rill/gully formation under different 
tillage systems. 

 
We conducted a two-season field study with matching funds from other sources. The results are 
summarized below.  
 
Task 2.1 Measurements of major field parameters for rill erosion  
Main research activities under this task included installing runoff and erosion experimental plots, 
field data collection and observations in both winter seasons (2005 and 2006). During the 2006 
season, seven 3 m x 8 m plots were installed (Figures 11-14); two were installed at the direct 
seed site, three at the convention tillage site, and two at the conservation tillage site. 
Additionally, a sampler and a flow meter were also installed at the outlet of the Conventional 
tillage site (Figure 14). Additional data collection at the Palouse Conservation Field Station 
(PCFS) was conducted for comparing the plot results. 
 

       
Fig.11 Conventional tillage site, rough till over wheat, 3 plots. 
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Fig. 12   Conservation tillage site, upslope winter wheat seeded after peas, down-slope 
winter wheat seeded after barley, 2 plots. 

 

     
Fig. 13    Direct seed sites, 2 plots. 

 

                               
                                          Fig. 14    Instrumentation 

 
As documented in previous studies in the Palouse, two of the most important factors for 
minimizing erosion are surface roughness and surface residue cover. The conventional tillage 
site was in a rough plowed condition following a spring barley crop with a very rough surface 
and relatively high amounts of surface residue, see Figure 11. In contrast the conservation tillage 
site, which was seeded to winter wheat, had relatively less surface roughness and surface residue 
cover. Within the conservation tillage site the surface roughness and surface residue cover of the 
upslope half of the field, seeded to winter wheat following spring peas, was less than the down-
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slope half of the field, seeded to winter wheat following spring barley, see Figure 12. The direct 
seed site, which was seeded to winter wheat, had the highest amounts of residue, see Figure 13. 
  
As described in the hydrologic section, despite the wet January, the only surface runoff from the 
plots occurred during the January 18th event from the conservation tillage sites. These runoff 
rates were low and did not transport any measurable sediment. The upper part of the lower direct 
seed runoff plot site had some surface saturation but this water was retained in the surface 
residue and, as described in the previous section, this water re-infiltrated before reaching the plot 
outlet. Rill erosion did occur in several locations outside the runoff plots at the conservation 
tillage sites and these are further discussed in section 2.3. 
 
Task 2.2 Determination of soil erodibility 
To study the practical soil erodibility in the field, undrained shear strength was measured using 
both the automatic vane shear (AVS) and a pocket penetrometer (Figure 15). The shear stress 
value can be used to determine the ability of soil particles to resist detachment. The results of the 
measurements made at the end of the 2006 season are presented in Table 1. These data showed 
difference in the measured values between the test sites; however, a direct relationship between 
the shear stress data and rill formation cannot be established. It needs to be pointed out that the 
spatial variability was very significant. The variability was probably related to soil surface 
moisture distribution and other soil character variations.  
  
Although we expect the largest erosion events to occur on frozen and thawing soils, no frozen 
soil erosion events occurred during the two years of this study. Due to funding limitations, frozen 
soil erodibility test in flume was not conducted.  

 
Table 1 Penetrometer and shear stress observation in seven plots 

 Plot name Item Data 

Penetrometer(kg/cm2) 2.0 1.8 2.5 3.8 1.8 3.8 3.0 3.8 4.0  Conv. Till. 
Plot 1 Shear stress(kg/cm2) 2.5 3.5 2.5 2.7 3.5 3.3 3.0 5.5 8.5  

Penetrometer 3.0 4.4 4.0 3.5 3.8 3.0 4.0 4.2 3.0 5.0Conv. Till. 
Plot 2 Shear stress 5.8 3.7 5.5 8.0 6.4 3.1 5.5 3.2 3.3 7.3

Penetrometer 1.5 1.5 3.0 4.8 4.5 3.2 1.9 3.7 3.6  
Shear stress 3.6 3.6 3.9 8.5 5.0 3.0 3.8 5.8 4.0  

Penetrometer 5.5 3.0 2.0 2.2 3.3 3.5 4.3 2.6 3.5  

Conv. Till. 
Plot 3 

 
Shear stress 3.4 6.3 1.9 2.2 4.5 9.0 4.8 4.5 3.8  

Penetrometer 3.0 4.4 3.3 4.4 1.8 3.2     Direct Seed 
Plot 1 Shear stress 3.0 4.4 6.5 10.7 2.8 8.0     

Penetrometer 3.5 3.8 3.0 3.0 3.8 4.0 3.6 2.5 3.0  
Shear stress 3.5 4.2 3.3 2.7 3.8 2.8 3.5 2.5 5.0  

Penetrometer 4.0 4.0         
Direct Seed 

Plot 2 
Shear stress 5.5 7.0         

Penetrometer 2.0 2.0 1.5 3.0 3.0 3.25 3.25    Cons. Till. 
Plot 1 Shear stress 10 10 10 10 10 10 11    

Penetrometer 3.5 2.5 2.5 3.25 3.0 3.0 2.0 2.5 8.0  Cons. Till. 
Plot 2 Shear stress 10 10 10 7.0 10 8.0 8.5 8.0 2.5  
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Figure 15. Penetrometer and shear strength meter 

 
Task 2.3. Watershed scale rill/gully formation 
Despite the minimal runoff and erosion that occurred in the plots at the conservational tillage 
site, rill erosion did occur outside the plots in several locations across the field which provided 
valuable insight into the effects of surface roughness, surface residue cover, and direction of 
tillage on rill erosion. Each of these factors will be discussed below. 

 

      
Fig.16 Rills comparing the different direction of tillage (left). Soil surface storage ponds (right). 
 
Surface roughness reduces erosion by providing temporary surface storage (Figure 16). In a 
rough tilled field, as found in the conventional tillage site, the high degree of roughness allows 
water to be stored on the soil surface giving the water more time to infiltrate. Surface and 
subsurface residue binds the soil together, decreases the erodibility of the soil, and reduces the 
risk of rill formation. Interestingly, a smooth field right next to the conventional tillage site 
which did not have any surface residue developed deep rills during the winter of 2006, (see 
Figure 17).  
 
At the conservation tillage site rill erosion occurred at several locations in the upper half of the 
field which had the least surface roughness and residue cover, see Figures 16 and 18. The major 
rills were mapped using a GPS, see the blue lines in Figure 9. The surface roughness in the upper 
half of the field was caused primarily by the furrows left while seeding in the field. We observed 
surface runoff ponding and draining down these furrows until a point where the runoff depth 
exceeded the furrow depth. At this point the runoff would erode the furrow and a rill would be 
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generated following the dominant hillslope direction of the field, see Figure 16. An interesting 
observation was that residue in the lower half of the conservation tillage site had enough residue, 
in most cases, to stop the rill and cause deposition, (see Figure 19, left). Rills formed in the field 
right next to the conservation tillage field which did not have the lower strip of high residue 
continued to erode down to the bottom of the field (see Figure 19, right).    

 

 
Fig. 17. Bare field next to the conventional tillage site (no residue, low roughness). 

 
As described in the hydrology section of the report, the lower part of the conservation tillage site 
remained saturated and ponded for several weeks in a row. However this part of the field had the 
greater amount of surface residue cover and the only erosion which occurred in this area took 
place at the outlet of the field where the surface runoff concentrated into a small channel, (see 
photograph in Figure 8). Without this surface residue cover the erosion in this region would 
likely have been much more.  
 

       
                       a.                                                                                                  b.                                     

 
c. 

Fig. 18. Rills in concave hillslope (outside of plot) 
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Fig. 19 Down-slope view from winter wheat with low residue to winter wheat with high 

residue at the conservation tillage site (left). Higher down-slope residues essentially stopped the 
further development of rills and led to soil deposition. Rill developed in a field adjacent to the 

conservation tillage site having minimal surface residue (right). 
 

Impact of the research  
This research has several key short term and long term impacts. In terms of hydrology we found 
that argillic soil horizons largely control the surbsurface flow of water and generation of 
saturation excess runoff. Wide-spread surface saturation and runoff was observed in topographic 
convergent zones in soils having argillic horizons regardless of the management practice. 
However even small scale discontinuities in these argillic layers can quickly drain these perched 
layers. In terms of erosion, increased surface roughness and surface residue cover can greatly 
minimize erosion. Operators in the region should continue to farm on the contour as completely 
as possible since the furrows generated from seeding increases the surface detention. Plowing up 
and down the slope greatly increases the risk of rill erosion. Hortonian runoff (i.e. infiltration 
excess runoff) can be greatly minimized with increased residue and surface roughness. In the 
short term land operators need to be aware of the impact of these restrictive argillic horizons on 
both surface runoff and in terms of water quality. Fields having these argillic soil horizons 
should be maintained in high residue cover especially in topographic convergent zones. In the 
long term there needs to be further emphasis on how these landscapes having argillic horizons 
can be better managed to minimize not only erosion but also the transport and export of 
nutrients. The Soil Moisture Routing (SMR) model appears to have the potential for being a 
useful management tool for predicting subsurface flow above these argillic layers and for 
delineating portions of fields that are most susceptible to saturation excess runoff.  
 



 32

Interactions with other scientists 
The research team interacted with Dr. Joan Wu and Dr. Don McCool in their research conducted 
at PCFS, and with David Huggins, USDA-ARS and Dr. Kent Keller’s research group on similar 
studies conducted on the Cook Agronomy Farm.  
 
Publication and presentations   
Boll, J., E.S. Brooks, S. Dun, B. Crabtree, J. Wu, and W.J. Elliot. 2006. Incorporation of saturation 

excess processes into the Water Erosion Prediction Project (WEPP) model. Eos Trans. AGU, 
87(52), Fall Meet. Suppl., Abstract H34C-04. 

 
Brooks, E.S., J.F. Kaufman, K.M. Ostrowski, P.A. McDaniel, and J. Boll. 2006. Soil heterogeneity 

and the hydrology of the high precipitation zone of the Palouse region. Paper number 062288 
presented at the 2006 ASABE Annual International Meeting in Portland, Oregon, July 9-12, 
ASABE, 2950 Niles Road, St. Joseph, MI.  

 
Brooks E.S. and J. Boll. 2005. "Soil Heterogeneity and the Hydrology of the Palouse Region" 

Presentation given at the Fall 2005 IWRRI Hydrology Seminar Series on 10/25/05. 
 
Brooks E.S. and J. Boll. 2005. "Soil Heterogeneity and the Hydrology of the Palouse Region” 

Presentation given at the WSU/UI Dept. of Geology Seminar Series on 11/10/05.  
 
Chunmei Yao , Shulin Chen. “Critical conditions of rill incision on hillslope”.2006. Presentation  

given at the 2006 ASABE Annual International Meeting in Portland, Oregon, July 9-12, 
ASABE, 2950 Niles Road, St. Joseph, MI.  

 
Crabtree, B. E.S. Brooks, K. Ostrowski, W.J. Elliot, and J. Boll. 2006. The Water Erosion 

Prediction Project (WEPP) model for saturation excess conditions: application to an 
agricultural and a forested watershed. Eos Trans. AGU, 87(52), Fall Meet. Suppl., Abstract 
H31C-1444. 

 
Lin, H., E.S. Brooks, J. Boll, P.A. McDaniel, and J. Richardson. In progress. Hydropedology and 

surface/subsurface runoff processes: Palouse case study. Encyclopedia of Hydrological 
Sciences. 

 
WSU publications are in preparation to incorporate the results from this study to on-going 
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