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Abstract—Many forestry and agricultural agencies and organizations worldwide have 
developed soil monitoring and quality standards and guidelines to ensure future sustainability 
of land management. These soil monitoring standards are typically developed in response to 
international initiatives such as the Montreal Process, the Helsinki Ministerial Conference, 
or in support of Best Management Practices program development and Code of Forest 
Practices regulations. This paper describes international (Australia, New Zealand, Canada, 
and the European Union) and U.S. efforts and perspectives on soil quality monitoring, and 
offers suggestions on how to use the existing USDA Forest Service standards and modify 
them for future relevance.

Introduction

International Approaches
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Soil compaction, erosion, and organic matter losses are the chief factors that affect 
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Why Soil Monitoring?

Soil quality monitoring was developed as a means of evaluating the effects of man-
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Concepts and Basis for Monitoring

Characteristics
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Figure 1. Cartesian coordinate 
sampling system (adapted from 
Johnson and Curtis 2001).
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Existing Approaches

A number of soil monitoring approaches and systems have been implemented world-
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.!"#077/204!")#23#F"=#g"0(0+8D#O<)./0(*0D#10+080D#.!"#;</27"0+#E+*2+D#0+8#.!"#+"=#

K2/").#I2*(#S*).</50+4"#-2+*.2/*+6#M/2.242(#8"9"(27"8#32/#<)"#=*.!*+#.!"#EAIA#K2/").#

Service will be examined.

New Zealand

 !"#$%&'!(#&!)&*"+,%-,#.F"=#g"0(0+8`)#]U#:*((*2+#!0#23#(0+8#42+)*).)#23#70).</"#

0+8#0/05("#(0+8#>P]#7"/4"+.@D#+0.*9"#32/").)#>]C#7"/4"+.@D#0+8#7(0+.0.*2+#32/").)#>P#7"/-

4"+.@A# !"#/":0*+*+6#]&#7"/4"+.#*)#:2<+.0*+)D#=0."/D#0+8#</50+#0/"0)A#M(0+.*+6#23#"Q2.*4#

)7"4*")#7(0+.0.*2+#32/").)#5"60+#*+#.!"#$%]&)A# !")"#32/").)#+2=#0442<+.#32/#$%#7"/4"+.#

23#F"=#g"0(0+8`)#32/").)#5<.#.!"R#7/28<4"#%%#7"/4"+.#23#.!"#42<+./R`)#=228#/"b<*/"-

:"+.)A#O#K2/").#128"#23#M/04.*4"#=0)#").05(*)!"8#*+#$%%&#>h0<6!0+#0+8#2.!"/)#$%%C@A#

 !"#F"=#g"0(0+8#H29"/+:"+.#70))"8#.!"#i")2</4"#-0+06":"+.#O4.#23#$%%$#>i-O@#

.2#7/2:2."#)<).0*+05("#:0+06":"+.#23#+0.</0(#/")2</4")A# !"#i-O#*)#0+#"33"4.)V50)"8#

resource law that focuses on land management activities that cause adverse environ-

:"+.0(#"33"4.)A# !"#K2/").#128"#23#M/04.*4"#)".)#2<.#6<*8"(*+")#.2#:0*+.0*+#0+8#7/2."4.#

forest values such as soils, water, scenery, recreation, cultural sites, site productivity, 

0+8#233V)*."#*:704.)A# !"#128"#324<)")#2+#52.!#7(0++*+6#0+8#27"/0.*2+)#.2#04!*"9"#)<)-

tainable forest management.

 !"# ,"R# 42:72+"+.)# 23# .!"# 7(0++*+6# 7/24"))# *+# .!"#128"D# 5"32/"# 0+R# 27"/0.*2+)#

0/"#42+8<4."8D#0/"#>$@#*8"+.*3R*+6#*:72/.0+.#)*."#90(<")D#>]@#*8"+.*3R*+6#27"/0.*2+)#.!0.#

42<(8#!09"#)*6+*W40+.#*:704.D#>C@#)"("4.*+6#(2=#*:704.#."4!+*b<")#0+8#:".!28)D#>?@#")-

.05(*)!*+6#7/2.242()#.2#4!"4,#2+#42:7(*0+4"#.2#.!"#128"#0+8#25.0*+*+6#077/290()D#0+8#

>P@#:2+*.2/*+6#04.<0(#7"/32/:0+4"#8</*+6#0+8#03."/#27"/0.*2+)A#B+7<.)#.2#.!"#7(0++*+6#

42:"#3/2:#52.!#"Q."/+0(#0+8#*+."/+0(#)2</4")#>W6A#]@A#-2+*.2/*+6#.!"+#<)")#0+#27"/0-

.*2+)#80.050)"D#0# /0.*+6#)R).":D#4!"4,(*).)D# 0+#27"/0.*2+)# )"(3#077/0*)0(D# 0+8#W+0((R#0#

42:7(*0+4"#4!"4,#=*.!#S*)./*4.#0+8#i"6*2+0(#/<(")A

Figure 2. New Zealand 
Forestry Code of Practice 
environmental planning 
flow chart (adapted from 
Vaughan and others 1993).
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 !"#/0.*+6#)R).":#<.*(*\")#0#32</V("9"(#/*),#/0.*+6#)R).":#*+92(9*+6#52.!#)!2/.V#0+8#

(2+6V."/:# *:704.)D#:*+2/#2/#:0_2/# /*),)D# 0+8#40."62/*")#23#:*+*:0(D# (2=D# *+."/:"8*-

0."D#2/#!*6!#>.05("#$@A#IR:52()#.!0.#42//")72+8#.2#"04!#0/"#.!"+#<)"8#2+#.!"#7(0++*+6#

32/:)A#O+#"Q0:7("#4!"4,(*).# 3/2:#0#G0*/0/070#=228(2.#+"0/#G"((*+6.2+# *)#)!2=+#*+#

.05("#]#>h0<6!0+#0+8#2.!"/)#$%%C@A#K2/").#:0+06"/)#0/"#.!"+#/"b<*/"8#.2#8"9"(27#:*.*-

60.*2+#7(0+)#50)"8#2+#.!"#7/"V!0/9").#0))")):"+.A# !"#K2/").#128"#23#M/04.*4"#80.050)"#

7/29*8")#8".0*("8# *+32/:0.*2+#2+# *8"+.*3R*+6#/*),)#0+8#7(0++*+6#:*.*60.*2+#:"0)</")A#

O4.*9*.*")# .!0.# 40+# 72."+.*0((R# !09"# 0# )*6+*W40+.# *:704.# 2+# .!"# "+9*/2+:"+.# /"b<*/"#

7(0++*+6#/"9*"=#0+8#42+)"+.#5R#S*)./*4.#2/#i"6*2+0(#12<+4*()A#M2).V27"/0.*2+0(#)"(3V

monitoring and regular, periodic monitoring and maintenance are required to achieve 

the desired outcome of maintaining sustainable management of forest lands.

/+%-!0+1&2!-1&34+1-%5&24"6#5.F"=#g"0(0+8#42+8<4."8#0#+0.*2+0(V)40("#)2*(#b<0(-

*.R#:2+*.2/*+6#7/26/0:#5".=""+#$%%P#0+8#]&&$#0.# ]]]# )*.")# *+#W9"# /"6*2+)#23#F"=#

g"0(0+8#>$]#)2*(#2/8"/) 0+8#%#(0+8V<)"#40."62/*")@#>I70/(*+6#0+8#I4!*77"/#$%%YD#]&&]@A#

e0+8#<)")#*+#.!"#)</9"R#*+4(<8"8#0/05("#4/277*+6D#:*Q"8#4/277*+6D#70).</"D#6/0))(0+8D#

Table 2— !"#$%&'$%"(()(*'+,&+-%)./'012'"'3")2"2"$"4'5&6'7&"%"(84'6118%1/'9"8"$/&8'021#':";*,"('"(8'1/,&2.'<==>?@

 !"#$%&'#" #$(&)*$+#$%,- (,-.#/

Operation Water quality Wetland areas Slope stability Erosion Water supply

 Access

Roading -  - - -  - -  - -

 Land preparation

A&2B)+)8&.' - -     - -

Oversowing + +   +  +  

C2"+-)(*'' - -   - - -  - -  - -

Grazing - -  - - -  - - -  - - -  - -

 Establishment

D%"(/)(*'' +  + + +  + + +  + +

Releasing      - -

Grazing  - - -  - - -  - - -  - - -  - -

Fertilizing  - -   +  +  - -

 Tending

D2;()(*'' +    + +  

3"./&'/,)(' + +  +  + + +  + + +  

 Protection

Animal control     - -

Roads - -   - -  - -  -

3&&8'+1(/21%''' - -  - -    

 0,)(#/%&$1

Roading - - -   - - -  - - -  - - -

Landings  - - -         

Felling   + +  + +   

D21+&..)(*'' + +     

Extraction  - - -  - -  - -  - - -  - -

Stream cross  - -  - - - -  

Transportation    - - 

Table 1—5&6'7&"%"(8'E12&./'F18&'10'D2"+/)+&'#1()/12)(*'2"/)(*'.G./&#'"(8'

.G#B1%.'9"8"$/&8'021#':";*,"('"(8'1/,&2.'<==>?@

 New Zealand Forestry Code of Practice monitoring rating system

 Time Risk Impact Symbols

 Short-term Minor Minimal 

 Long-term Minor Low +/-

 Short-term Major Intermediate ++/--

' H1(*I/&2#' J"K12' A)*,' LLLMIII
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7(0+.0.*2+#32/").)D#0+8#+0.*9"#32/").A#I0:7(*+6#23#.!"#.27)2*(#>&j$&#4:@#=0)#82+"#0+8#.!"#

properties :"0)</"8#="/"#.2.0(#40/52+#>1@#0+8#+*./26"+#>F@D#72."+.*0((R#:*+"/0(*\05(" FD#

7'D#d()"+#7!2)7!2/<)#>M@D#40.*2+#"Q4!0+6"#40704*.RD#5<(,#8"+)*.RD#.2.0( porosity, macro-

porosity, and total available and readily available water. Seven of these soil parameters 

>.2.0(#1D# .2.0(#FD#:*+"/0(*\05("#FD#7'D d()"+#MD#5<(,#8"+)*.RD#0+8#:04/272/2)*.R@#"Q-

7(0*+"8#YU#7"/4"+.#23#.!" total variability. Some of the issues that arose during the soil 

quality sampling were minimum data set, how to stratify, level of precision, cost, cen-

./0(*\"8#80.0#0+8#)0:7("#:0+06":"+.D#/"V)0:7(*+6#32/# ./"+8)D#0+8#)0:7(*+6#)./0."6RA#

B:72/.0+.# /"42::"+80.*2+)# .!0.#40:"#2<.#23# .!"#)</9"R#="/"# .!0.# >$@#0#7/"4*)*2+#23#

$&#7"/4"+.#=0)#*:7/04.*40(#8<"#.2#42).D#>]@#0#7/"4*)*2+#23#]P#7"/4"+.#=0)#:2/"#/"0(*).*4D#

>C@#4"+./0(#).2/06"#23#80.0#0+8#)0:7(")#=0)#"))"+.*0(#.2#)<44"))#23#.!*)#.R7"#23#)</9"RD#

>?@#/"V)0:7(*+6#+""8)#.2#5"#29"/#0#CV#.2#$&VR"0/#.*:"#7"/*28#=*.!#)2:"#5"*+6#82+"#"9"/R#

R"0/D#0+8#>P@#4<//"+.#W+0+4*0(#42+)./0*+.)#7/2!*5*.#/0+82:#)0:7(*+6A

K2((2=*+6#0/"#.!"#,"R#W+8*+6)#3/2:#.!"#F"=#g"0(0+8#I2*(#c<0(*.R#I</9"RX

f# I2*(#d/8"/#!08#0#)./2+6#"33"4.#2+#.!"#/")<(.)A

f# e0+8#<)"#0442<+."8#32/#2+(R#]$#7"/4"+.#23#.2.0(#1#90/*05*(*.RA

f#  !"/"#=0)#+2#"9*8"+4"#23#04*8*W40.*2+#<+8"/#"Q2.*4#./""#)7"4*")A

f# Changes in soil quality between land uses can be detected.

f# J*24!":*40(#0+8#.2.0(#1#*+8*4")#0/"#:2/"#)"+)*.*9"#.2#(0+8#:0+06":"+.#8*33"/"+4")#

than physical parameters.

f# Soil quality of mature pine plantations before and after logging were similar to native 

forests or low-productivity pasture.

f# -0+R#/")"0/4!#+""8)#="/"#*8"+.*W"8#.2#:0,"#0#+0.*2+0(V)40("#)2*(#b<0(*.R#)</9"R#0#

viable management tool.

f# 1!0+6")#*+#)2*(#b<0(*.R#4!0/04."/*).*4)#40+#5"#8"."4."8D#5<.#.!"/"#*)#0#6"+"/0(#(04,#23#

0#)4*"+.*W4#3/0:"=2/,#.2#8"W+"#044"7.05("#0+8#<+044"7.05("#/0+6")#23#)2*(#b<0(*.R#

parameters.

Australia

74$%"+1-+0& !"#$%"5. !"#.2.0(#0/"0#23#+0.*9"#32/").#/"72/."8#*+#.!"#(0.").#Australia’s 

State of the Forests Report >F0.*2+0(#K2/").#B+9"+.2/R#]&&Y@#*)#").*:0."8#0.#$T]AU#:*(-

(*2+#!0D#=!*4!#*)#052<.#]$#7"/4"+.#23#O<)./0(*0`)#(0+8#0/"0A#I2:"#UP#7"/4"+.#23#+0.*9"#

forest estate was on public land, and the remainder was private land or unresolved ten-

</"A#O52<.#U&#7"/4"+.#23#O<)./0(*0`)#+0.*9"#32/").)#="/"#7/*90."(R#:0+06"8A#O<)./0(*0`)#

7(0+.0.*2+#").0."#42+.*+<")# .2#"Q70+8D# /"04!*+6#$AY#:*((*2+#!0# *+#S"4":5"/#]&&TD#0+#

*+4/"0)"#23#UYD&&&#!0#>?AP#7"/4"+.@#29"/#.!"#7/*2/#R"0/#]&&PA# !"#7/272/.*2+#23#!0/8-

=228#)7"4*")#!0)#*+4/"0)"8#.2#??#7"/4"+.#23#.!"#.2.0(D#=*.!#)23.=228#)7"4*")#:0,*+6#<7#

.!"#/":0*+8"/A#O52<.#%P#7"/4"+.#23#.!"#)23.=228#7(0+.0.*2+)#0/"#Pinus radiata and other 

introduced pines. P. radiata#*)#6/2=+#2+#0#C&#.2#?&#R"0/#/2.0.*2+#0+8#)<77(*")#052<.#P&#

7"/4"+.#23#.!"#82:").*4#=228#8":0+8A#F"0/(R#0((#23#.!"#!0/8=228#7(0+.0.*2+)#0/"#+0-

.*9"#"<40(R7.)D#*+4(<8*+6# 0):0+*0+#5(<"#6<:#>Eucalyptus globulus@D#)!*+*+6#6<:#>E. 

nitens@#0+8#[228"8#6<:#>E. grandis@A

A diverse range of ownership arrangements exists in the Australian plantation in-

8<)./RD# *+4(<8*+6#0#90/*".R#23# _2*+.#9"+.</"#0+8#0++<*.R# )4!":")#5".=""+#7<5(*4#0+8#

private parties. For several years, most investments in new plantations have been by the 

7/*90."#)"4.2/A# !"#7/272/.*2+#23#7<5(*4#0+8#7/*90."#7(0+.0.*2+)#=0)#"b<0(#>?T#7"/4"+.@#*+#

$%%%Z#!2="9"/D#7/*90."(R#2=+"8#7(0+.0.*2+)#+2=#0442<+.#32/#P%#7"/4"+.D#30/#"Q4""8*+6#

7<5(*4#7(0+.0.*2+)#0.#CT#7"/4"+.A# !*)#8*33"/"+4"#*)#")7"4*0((R#7/2+2<+4"8#32/#!0/8=228#

7(0+.0.*2+)D#052<.#YT#7"/4"+.#23#=!*4!#0/"#7/*90."(R#2=+"8#42:70/"8#=*.!#CT#7"/4"+.#

of softwood plantations.

74$%"+1-+0&'!(#$&!)& !"#$%&*"+,%-,#.B+#O<)./0(*0D#128")#23#K2/").#M/04.*4"#0/"#

I.0."V50)"8#0+8#.*"8#.2#)<).0*+05("#R*"(8A#;Q4"7.#*+# 0):0+*0#0+8#h*4.2/*0D#.!"#128")#

0/"#077(*405("#.2#2+(R#7<5(*4#(0+8)A# !"/"#0/"#$?#I.0."#0+8#."//*.2/R#128")#.!0.#5"60+#

8"9"(27:"+.#*+#$%UYA# !"R#0((#7<.#0+#":7!0)*)#2+#b<0+.*.0.*9"#7"/32/:0+4"#).0+80/8)#
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.!0.#0/"#,"R"8#*+.2#)<).0*+05("#.*:5"/#R*"(8#0+8#.*:5"/#!0/9").#7(0++*+6#>-412/:04,#

$%%T@A#d(8#6/2=.!#0+8# /0*+# 32/").)#="/"# .!"#4/*.*40(# *))<")# .!0.# ("08# .2# .!")"#128")A#

G!*("#)2*()#0+8#)2*(#b<0(*.R#0/"#+2.#8*/"4.(R#:"+.*2+"8#0)#:0_2/#42+4"/+)#>.05("#C@D#.!"R#

are inherent in a number of the topics of concern to Australian Codes of Forest Practice.

8+$9+0-+0&'!(#&!)& !"#$%&*"+,%-,#. !"# 0):0+*0#K2/").#M/04.*4")#O4.#$%YP#=0)#

.!"# W/).#O<)./0(*0+#128"# 23# K2/").# M/04.*4"# >-412/:04,# $%%TZ# 0):0+*0+# K2/")./R#

12::*))*2+#$%%C@A#B.#8"0()#=*.!#0#+<:5"/#23#*))<")#.!0.#/"(0."#.2#)2*()#0+8#)2*(#b<0(*.R#

>.05("#C@A#K*/).#0+8#32/":2).D#.!"# 0):0+*0#128"#324<)")#2+#7/27"/#8")*6+*+6#0+8#7(0+-

+*+6#7/*2/#.2#./""#!0/9").*+6A# !"#128"#*)#08:*+*)."/"8#5R#.!"#K2/").#M/04.*4")#O<.!2/*.R#

>KMO@#5<.#*)#0#42V/"6<(0.2/R#0807.*9"#:0+06":"+.#7/24"))#*+#+0.</"#>W6A#C@A# !"#W/).#

level of monitoring is provided by each forest owner, with random independent moni-

.2/*+6#42+8<4."8#5R#.!"#KMO#.!/2<6!#K2/").#M/04.*4")#d3W4"/)#>KMd@A# !"#KMd)#!09"#

/"6<(0.2/R#72="/)#0+8#40+#*+)*).#2+#/":"8*0(#=2/,#5"*+6#82+"#.!/2<6!#42</.#04.*2+)#0+8#

W+")A#'2="9"/D#.!"#:0*+#":7!0)*)#23#KMd)#*)#7(04"8#2+#"8<40.*2+#0+8#8":2+)./0.*2+#

23#J").#-0+06":"+.#M/04.*4")#/0.!"/#.!0+#/"6<(0.2/R#"+32/4":"+.A

 !"# 0):0+*0+#KMO#":7(2R)#)7"4*0(*).)# *+# 32/")./RD# )2*(# )4*"+4"D#52.0+RD#\22(26RD#

geology, hydrology, and archeology whose research and monitoring supports the Code 

23#K2/").#M/04.*4"A# !"#KMO#./0*+)#0+8#7/29*8")#089*4"#.2#32/").#*+8<)./R#7"/)2++"(#0+8#

0()2#42+8<4.)#.!"#*+8"7"+8"+.#0<8*.)#23#32/").#*+8<)./R#27"/0.*2+)#>W6A#C@A

Canada

10+080#!0)#?&?#:*((*2+#!0#23#32/")."8#(0+8D#0442<+.*+6#32/#$&#7"/4"+.#23#.!"#=2/(8`)#

32/").)#0+8#C&#7"/4"+.#23#.!"#52/"0(#32/").)#>F0.</0(#i")2</4")#10+080#]&&%@A#e"))#.!0+#

$#7"/4"+.#23#10+080`)#32/").)#0/"#!0/9")."8#"04!#R"0/D#0+8#0((#M<5(*4#32/").)#:<).#5"#)<4-

4"))3<((R#/"6"+"/0."8#5R#+0.</0(#>P&#7"/4"+.@#2/#7(0+.*+6#0+8#8*/"4.V)""8*+6#."4!+*b<")A#

Table 3—C1$)+.'"882&..&8')('01;2'N;./2"%)"('F18&.'10'E12&./'D2"+/)+&'9"8"$/&8'021#'J+F12#"+-'<==O?@'

Soils-related ones are in italics.

 Tasmania New South Wales Victoria Western Australia

P&.)*('Q'D%"(()(*' P&.)*('Q'D%"(()(*' P&.)*('Q'D%"(()(*' P&.)*('Q'D%"(()(*

' C2&&'J"2-)(*' ' C2&&'J"2-)(*

 Tree Felling  Tree Felling

Log Skidding/Tracks Log Skidding/Tracks Log Skidding/Tracks Log Skidding/Tracks

Log Landings Log Landings Log Landings Log Landings

Wet Weather Wet Weather

Water Quality  Water Quality Water Quality

Slope Limitations  Slope Limitations

Landscape Values  Landscape Values Landscape Values

3)%8%)0&',"B)/"/' ' 3)%8%)0&',"B)/"/' 3)%8%)0&',"B)/"/

 Fire  Fire

D%"(/'P)R&2.)/G' ' ' D%"(/'P)R&2.)/G

  Site Rehabilitation

  Fuel Dumps

 Licensing

Cultural Resources

Geomorphology

' ' F21$'C2&&.

Figure 3. Tasmania 
adaptive management 
framework (Code of 
Forest Practice 1985).
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O52<.#CT#7"/4"+.#23#.!"#42<+./R`)#32/").)#!09"#5""+#4"/.*W"8#0)#5"*+6#)<).0*+05(R#:0+-

06"8# 5R# 6(250((R# /"426+*\"8# 4"/.*W40.*2+# ).0+80/8)A# 128")# 23# K2/").# M/04.*4"# 0/"# *+#

7(04"#*+#F290#I42.*0D#d+.0/*2D#0+8#J/*.*)!#12(<:5*0A#10+080`)#32/").#(0=)#0+8#/"6<(0-

tions are considered to be among the strictest in the world.

J/*.*)!#12(<:5*0#!0)#("8#10+080#*+#8"9"(27*+6#7/24"8</")#.2#"+)</"#32/").#)<).0*+-

05*(*.RA# !"#LK2/").#M/04.*4")#128"#23#J/*.*)!#12(<:5*0N#23#$%%T#").05(*)!"8#.!"#("60(#

3/0:"=2/,# 32/#:2+*.2/*+6#)2*(#8*).</50+4")#40<)"8#5R# 32/").#27"/0.*2+)A# B.#!0)# )*+4"#

5""+#0<6:"+."8#5R#.!"#LK2/").#0+8#i0+6"#M/04.*4")#O4.#23#]&&]AN# !"#M/29*+4"#!0)#0+#

*."/0.*9"#0807.*9"V:0+06":"+.#7/24"))#.!0.#7/29*8")#42+).0+.#3""8504,#.2#32/").#27"/0-

.*2+)#0+8#/")"0/4!#.2#*:7/29"#J").#-0+06":"+.#M/04.*4")#0+8#27"/0.*2+)#7(0++*+6#0+8#

"Q"4<.*2+#>W6A#?@A

 !"# I2*(# 12+)"/90.*2+# H<*8"522,# >J/*.*)!# 12(<:5*0# -*+*)./R# 23# K2/").)# ]&&$@#

provides an overview of post-harvest monitoring inspection procedures, the current re-

b<*/":"+.)D#0+8#8"W+*.*2+)#32/#I2*(#12+)"/90.*2+#I</9"R)Z#*.#0()2#7/29*8")#*+)./<4.*2+)#

2+#!2=#.2#42+8<4.#)</9"R)A#I*(9*4<(.</0(#7/")4/*7.*2+)#8"W+"#.!"#:0Q*:<:#7"/4"+.#23#

the net area to be reforested that may be occupied by disturbed soils and the extent to 

=!*4!#.!0.#0/"0#23#8*).</50+4"#40+#5"#.":72/0/*(R#"Q4""8"8A# !"#27"/0.*2+)#)*."#7(0+)#

identify sensitive soils and spell out the maximum percentage of the total harvest area 

.!0.#40+#5"#7"/:0+"+.#044"))#/208)D#.":72/0/R#/208)#0+8#),*8#./0*()D#0+8#/208)*8"#=2/,#

areas. Visual Soil Conservation Survey reports are required to verify that prescription 

(*:*.)#="/"#+2.#"Q4""8"8A#B3#.!"R#0/"D#.!"+#0#32/:0(#)</9"R#*)#/"b<*/"8A# !"#I</9"R)#32-

4<)#2+#8*).</50+4"#.2#)2*(#40<)"8#5R#/208)#0+8#),*8#./0*()#0+8#.!"#0:2<+.#23#32/").#[22/#

8*)7(04":"+.#2/#80:06"A#B+#2/8"/#.2#L).0+80/8*\"N#=!0.#40+#5"#/"426+*\"8#0)#)2*(#8*).</-

bance by equipment operators, contractors, inspectors, the public, or research scientists, 

0#)".#23#/"7/")"+.0.*9"#9*)<0(#"Q0:7(")#*)#7/29*8"8#>W6)A#P0D5@A

A transect survey is installed if a formal Soil Conservation Survey is warranted. 

-".!28)#0/"#)7"4*W"8#*+#.!"#I2*(#12+)"/90.*2+#H<*8"522,#>J/*.*)!#12(<:5*0#-*+*)./R#

23#K2/").)#]&&$@A# !*)#.R7"#23#)</9"R#*)#<)<0((R#42:7("."8#0)#)22+#0)#72))*5("#03."/#.!"#

27"/0.*2+)#8*).</50+4"#0+8#*.# /"b<*/")#)*."#30:*(*0/*.RA# !"#)</9"R# ./0+)"4.)#0/"#824<-

:"+."8#*+#40)"#32((2=V<7#:"0)</":"+.)#0/"#+""8"8#>W6A#T@

European Union

K2/").)#429"/#$T&#:*((*2+#!0#=*.!*+#.!"#;</27"0+#E+*2+D#2/#052<.#?]#7"/4"+.#23#.!"#

]UV:":5"/#E+*2+A#I*Q#42<+./*")#0442<+.#32/#.=2V.!*/8)#23#.!"#32/").#0/"0#=*.!#I="8"+#

0+8#K*+(0+8#0(2+"#0442<+.*+6# 32/#C&#7"/4"+.#23# .!"# .2.0(# 32/").#0/"0# >;</2).0.#]&&%@A#

d3W4*0(#7/2.242()# "Q*).# *+#:2).#:":5"/#I.0.")#23# .!"#;</27"0+#E+*2+# >;E@# 32/# )2*(#

:2+*.2/*+6#>-2/90+#0+8#2.!"/)#]&&U@Z#!2="9"/D#.!"/"#*)#0#(2.#23#90/*0.*2+#*+#.!"#:".!28-

2(26*")#<)"8#0+8#.!"#*+."+)*.R#23#)0:7(*+6A# !"#;E#-2+*.2/*+6#F".=2/,#!0)#5""+#04.*9"#

32/#]&#R"0/)#<)*+6#0#P&#5R#P&#,:#6/*8#=*.!#90/*05("#/"V:"0)</":"+.#7"/*28)A#M0/.)#23#.!"#

Figure 4. British Columbia 
soil monitoring adaptive 
management process 
(adapted from Curran 
2007).
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;E#F".=2/,#42+.0*+#8"+)"#").05(*)!"8#)0:7(*+6#6/*8)#>e.g.D#E+*."8#k*+682:D#B/"(0+8D#

O<)./*0D#S"+:0/,@#=!*("# *+#2.!"/#0/"0)# .!"#+".=2/,# *)# ).*((# )70/)"# >e.g.D#I70*+D# B.0(RD#

H/""4"@#>W6A#U@A#O52<.#%&#7"/4"+.#23#.!"#;E#)2*()#0+8#.!"#(0+8#429"/#4(0))")#!09"#0.#("0).#

one monitoring site. However, the density of soil monitoring sites within the European 

I2*(#S0.050)"#<+*.)#*)#!*6!(R#90/*05("A#I2:"#<+*.)#>U#7"/4"+.@#82#+2.#!09"#0+R#:2+*.2/-

ing sites. Pasture lands have the highest density of soil monitoring sites, but arable land 

0+8#32/").)D#=!*("#)(*6!.(R#("))D#0/"#42:70/05("#*+#8"+)*.RA#O#6/*8#23#$T#5R#$T#,:#!0)#

5""+#").05(*)!"8#32/#32/").#)2*()#>B1M#]&&?@A

 !"#,"R#)2*(#70/0:"."/)#5"*+6#:2+*.2/"8#*+#.!"#;E#*+4(<8"#"/2)*2+#/*),D#42:704-

.*2+#/*),D#.!"#7/")"+4"#23#7"0.D#!"09R#:".0()D#8")"/.*W40.*2+D#0+8#7/")"+4"#23#(*9").24,A#

d.!"/#*+8*40.2/)#5"*+6#:"0)</"8#0/"#."Q.</"D#7'D#2/60+*4#:0.."/D#5<(,#8"+)*.RD#40.*2+)D#

Figure 5. British Columbia Forest Practices Branch, Ministry of Forests visual soil disturbance indicator cards 
for (a) wheel ruts, machine traffic, and bladed trails; and (b) gouges and scalps (from Curran and others 
2005 and British Columbia Ministry of Forests 2001).
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0+8#"0/.!=2/:#04.*9*.R#>-2/90+#0+8#2.!"/)#]&&U@A# !"#;E#I2*(#-2+*.2/*+6#F".=2/,#

is simply an inventory system, does not have any interaction with land management 

"+.*.*")D#0+8#82")#+2.#!09"#0+R#/"6<(0.2/R#72="/A#I2*(#F".=2/,#+""8)#*+4(<8"#088*+6#

?D$&&# )*.")# *+# .!"# (2="/#8"+)*.R#70/.#23# .!"#+".=2/,#0+8# ).0+80/8*\*+6# )0:7(*+6#0+8#

0+0(R.*40(#:".!28)A#d3#.!"#42<+./*")#=*.!#:0+80."8#)2*(#:2+*.2/*+6#>.05("#?@D#I="8"+#

requires measurements of soil physical conditions, coarse woody debris, and soil chem-

*)./RA#B/"(0+8#/"b<*/")#:"0)</":"+.)#23#)2*(#42+8*.*2+D#)2*(#3"/.*(*.RD#"/2)*2+D#0+8#2.!"/#

Figure 6. Example of a British Columbia formal soil conservation survey site documentation.

Figure 7. European Union soil monitoring network, GIS repartition (right) and actual density (left) in km2 for 
one monitoring site in the 50 by 50 km Cooperative Program for Monitoring and Evaluation of the Long-
range Transmission of Air Pollutants in Europe (EMEP) grid of the soil monitoring sites in Europe (Moran and 
others 2007).
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70/0:"."/)#0)#+""8"8A#O(.!2<6!#.!"#E+*."8#k*+682:#82")#+2.#/"b<*/"#)2*(#:2+*.2/*+6#

at the present time, changes of Codes of Forest Practice will mandate this activity in the 

3<.</"#>'0((#]&&YD#7"/)2+0(#42::<+*40.*2+@A

:"#1+0(.d9"/#U&#7"/4"+.#23#B/"(0+8`)#TCTD$T?#!0#23#32/").)#0/"#2=+"8#5R#.!"#B/*)!#

K2/")./R#J20/8# >12*((."# "2/0+.0@A#I2*(#:2+*.2/*+6# *+# B/"(0+8# *)#42+.0*+"8#=*.!*+# .!"#

42<+./R`)#128"#23#J").#K2/").#M/04.*4"#0+8#*)#50)"8#2+#;E#0+8#F0.*2+0(#(0=)#>B/"(0+8#

K2/").#I"/9*4"#]&&&@A#e*,"#0#+<:5"/#23#2.!"/#42<+./*")D#.!"#B/*)!#128"#*)#324<)"8#2+#

planning, monitoring, and adaptive management rather than regulatory punitive actions. 

-2+*.2/*+6#*)#7"/32/:"8#.2#"90(<0."#.!"#7"/32/:0+4"#23#.!"#B/"(0+8#128"#23#J").#K2/").#

M/04.*4"#0)#="((#0)#.!"#),*(()#23#*+8*9*8<0(#32/").#!0/9").*+6#27"/0.2/)A#B.#42+)*).)#23#0#

self-evaluation impact appraisal by the individual operators and an external assessment 

5R#.!"#B/*)!#K2/")./R#J20/8A

 !"#B/"(0+8# *:704.#077/0*)0(#"90(<0.")#"+9*/2+:"+.0(D#"42+2:*4D#0+8#)24*0(# *:-

704.)#23#32/")./R#27"/0.*2+)A# !"#324<)#*)#2+#0))"))*+6#72."+.*0(#*:704.)#*+#."/:)#23#

.!"*/#("9"(D#(*,"(R#42+)"b<"+4"D#*:72/.0+4"D#0+8#("+6.!#23#.*:"#.!0.#.!"#*:704.)#=*((#

occur. Potential impacts are evaluated descriptively or on a “points” system on the 

50)*)# 23# 32</# )<5_"4.*9"# )"9"/*.R# ("9"()# >9"/R# !*6!D# !*6!D# :28"/0."D# 0+8# (2=@D# 0+8#

32((2=V<7#:*.*60.*2+#04.*2+)#0/"#.!"+#7(0++"8#>.05("#P@A#I2*(#3"/.*(*.R#=0)#"90(<0."8#0.#

5"*+6#0.#!*6!#/*),#5"40<)"#23#.!"#)2*(#.R7"#0+8#.!"#=!2("V./""#!0/9").*+6#7(0++"8#32/#

.!"#4<.#5(24,A#I2#.!"#:*.*60.*2+#."4!+*b<"#7/")4/*5"8#32/#.!*)#).0+8#=0)#.!"#088*.*2+#

23#0#+*./26"+V7!2)7!2/<)V72.0))*<:#3"/.*(*\"/A# !"#2.!"/#72."+.*0(#)2*(#*:704.)#="/"#

evaluated as being low so no mitigations were planned.

United States

/+%4"+1& ;#$!4",#$& '!0$#"6+%-!0& 2#"6-,#& +0(& %<#& 7="-,41%4"+1& ;#$#+",<&

2#"6-,#.J2.!#.!"#F0.</0(#i")2</4")#12+)"/90.*2+#I"/9*4"#>Fi1I@#0+8#.!"#O6/*4<(.</0(#

i")"0/4!#I"/9*4"# >OiI@# 42+8<4.# /")"0/4!# 0+8# 8"9"(27:"+.# 04.*9*.*")# /"(0."8# .2# )2*(#

Table 4— ;21$&"('S()1('+1;(/2)&.'6)/,'+1(R&(/)1("%'012&./2G'"(8'012&./'B)1&(&2*G'#1()/12)(*'./"(8"28.'"(8'

requirements.

 0,)(#/% 2*"#  3*$&%*)&$1

 of forest Bioenergy

Country practices guidelines Required Type Soil

P&(#"2-' T&.' 51' 51' 51(&' 51

5&/,&2%"(8.' T&.' 51' T&.' U$&2"/)1(.' 51

E)(%"(8' T&.' T&.' T&.' U$&2"/)1(.' 51

V6&8&(' T&.' T&.' T&.' J;%/)$%&' T&.

W&2#"(G' T&.' T&.' T&.' X(R&(/12G' 51

X2&%"(8' T&.' 51' T&.' U$&2"/)1(.' T&.

S()/&8'Y)(*81#' T&.' T&.' 51' 51(&' 51

Table 5—X2&%"(8'012&./'.1)%'#1()/12)(*')#$"+/.'"..&..#&(/4'&!"#$%&'021#'F1;(/G'Z1.+1##1('

9"8"$/&8'021#'E12&./'V&2R)+&'[\\\?@

Ireland Code of Best Forest Practice Soil Impact Assessment

County Roscommon

Site' F1)%%/&'][=

Operation' 3,1%&I/2&&',"2R&./)(*

Timeframe Long-term

4,-.# !+5,2% 6,2%*) 7#(#)&%8 3&%&1,%&*$ ,2%&*$

  40 0 3 9

V1)%' E&2/)%)/G' ' ^' ' ' 5DY'0&2/)%)_&2

' F1(8)/)1(' ' ' ' ^' 51(&

'  21.)1(' ' ' ' ^' 51(&

 Other
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b<0(*.R#0+8#)2*(#:2+*.2/*+6#>S2/0+#0+8#a2+")#$%%TZ#S2/0+#0+8#M0/,*+#$%%?Z#S2/0+#0+8#

2.!"/)#$%%YZ#k0/("+#0+8#2.!"/)#$%%UZ#EISO#Fi1I#]&&$@A#O88*.*2+0(#*+32/:0.*2+#40+#

be found at !..7X^^===A0/)A<)80A629^:0*+^)*."l:0*+A!.:m:28"428"nCTV]PV$PV$& and 

!..7X^^===A<)80A629^)b*^A# !"#OiI#!0)#0()2#8"9"(27"8#0+8#).0+80/8*\"8#:".!28)#32/#

:2+*.2/*+6#6/0))(0+8D# )!/<5(0+8D# 0+8# )090++0# "42)R).":)# >'"//*4,#]&&P0D# 5@A# !")"#

manuals deal with vegetation, soil, hydrologic, and geomorphic monitoring methods

>?2?&  !"#$%& 2#"6-,#@&  !"#$%& :06#0%!"5& +0(&70+15$-$. !"# EAIA# K2/").# I"/9*4"#

42+8<4.)#)2*(#:2+*.2/*+6#0)#70/.#23#*.)#K2/").#B+9"+.2/R#0+8#O+0(R)*)#>KBO@#M/26/0:A#

I2*(#:2+*.2/*+6#42+8<4."8#5R#.!"#KBO#*)#8*)4<))"8#*+#8".0*(#*+#.!"#32((2=*+6#4!07."/#5R#

O:04!"/#0+8#M"//R#>O:04!"/#0+8#M"//R#]&$&@#0+8#5R#d`F"*((#0+8#2.!"/)#>]&&P0D5@A

A#5#"<+#4$#". !"#G"R"/!0"<)"/#12:70+R#*)#42::*.."8#.2#)2*(#7/28<4.*9*.R#5R#

<)*+6#0#.=2V)."7#)./0."6R#>'"+*+6"/#0+8#2.!"/)#$%%UD#]&&]@A#K*/).D#12:70+R#27"/0.*2+)#

use equipment and operations practices that are appropriate to the soil, topography, 

0+8#="0.!"/#.2#:*+*:*\"#"/2)*2+#0+8#!0/:3<(#)2*(#8*).</50+4"A#I"42+8(RD#G"R"/!0"<)"/#

employs forestry practices and technology to retain organic matter and soil nutrients 

2+#)*."A# !"#42:72+"+.)#23#.!"#7/24"))#.2#04!*"9"#)<).0*+05*(*.R#0/"#)!2=+#*+#W6</"#Y#

>'"+*+6"/#$%%U@#0+8#*+4(<8"#>$@#0#/")"0/4!#80.050)"Z#>]@#42::2+#620()#0+8#).0+80/8)#

("08*+6# .2#:0+06":"+.#6<*8"(*+")Z# >C@#"8<40.*2+D# ./0*+*+6#0+8# ."0:*+6Z# >?@#)"("4.*2+#

0+8#<)"#23#J").#-0+06":"+.#M/04.*4")#>J-M)@Z#>P@#*+8"7"+8"+.#:2+*.2/*+6#23#7"/32/-

:0+4"#0+8#42:7(*0+4"#=*.!#J-M)Z#0+8#>T@#42+.*+<2<)#3""8504,#.2#.!"#27"/0.*2+)#)*8"#

23#.!"#2/60+*\0.*2+D#0+8#*:7(":"+.0.*2+#23#0807.*9"#"Q7"/*:"+.0.*2+#=!"/"#=0//0+."8A#

H<*8"(*+")#0+8#J-M)#!09"#5""+#8"9"(27"8# .2#:*+*:*\"#8"./*:"+.0(#)2*(#8*).</50+4"#

0)#*+8*40."8#*+#W6</"#%A# !"#,"R#42:72+"+.)#23#.!*)#)R).":#0/"#.!"#)./0."6*4#80.050)"#

2+#)2*(#8*).</50+4"#*:704.)D#.!"#4(0))*W40.*2+#)R).":#8")4/*5"8#*+#W6</"#%D#0#)2*(#27"/-

05*(*.R#/*),#/0.*+6#)R).":D#0+8#0#4(2)"#=2/,*+6#/"(0.*2+)!*7#5".=""+#.!"#i")"0/4!#0+8#

S"9"(27:"+.#0+8#d7"/0.*2+)#<+*.)#.2#8"9"(27#J-M)A#O#,"R#42:72+"+.#23#.!*)#7/24"))#

is monitoring soil impacts of operational practices by independent contractors to as-

)"))#7"/32/:0+4"#060*+).# )7"4*W"8#).0+80/8)A# !"#:2+*.2/*+6#7/29*8")# 3""8504,#0+8#

*+32/:0.*2+#.2#.!"#42/72/0."#)2*()#80.050)"D#i")"0/4!#0+8#S"9"(27:"+.D#0+8#d7"/0.*2+)#

./0*+*+6#7/26/0:)#.2#42+.*+<2<)(R#*:7/29"#J-M)#.2#:"".#G"R"/!0"<)"/`)#)<).0*+05("#

)*."#7/28<4.*9*.R#)./0."6R#>W6A#Y@A

United States: Forest Soil Disturbance Monitoring Protocol

B+,C="!40(.At the end of the 20th#1"+.</RD#052<.#CC#7"/4"+.#23#.!"#EAIA#(0+8#0/"0#

2/#C&]#:*((*2+#!0#=0)#32/").#(0+8D#U$#7"/4"+.#23#.!"#0/"0#.!0.#=0)#32/")."8#*+#.!"#(0.."/#

70/.#23#.!"#$Uth#1"+.</R#>I:*.!#0+8#2.!"/)#]&&$@A# !"#EAIA#K2/").#I"/9*4"#>EIKI@#:0+-

06")#0/2<+8#P%#:*((*2+#!0#*+#.!"#F0.*2+0(#K2/").#IR).":#>FKI@#*+4(<8*+6#C%#:*((*2+#

Figure 8. Weyerhaeuser 
sustainable site 
productivity process 
components (adapted 
from Heninger and 
others 1998).
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!0# .!0.#0/"#4(0))*W"8#0)#40705("#23#7/28<4*+6#$A?#:  ha!"#yr$" of industrial wood and 

not legally reserved from timber harvest. Four Acts of Congress important to the issue 

of resource sustainability, and the soil resource in particular, provide enabling legisla-

%&'(#)'*#+,-#./(01#234-4#,'*51%#-5*6&75#"88 9:#2"9#;<5#=*>/(&7#?0@&(&1%*/%&'(#?7%#')#

"A8BC#2D9#;<5#EF.%&G.5$315#-F1%/&(50$H&5.0#?7%#')#"8IJC#2 9#;<5#,'*51%#/(0#K/(>5./(0#

K5(5L/M.5#K51'F*751#N./((&(>#?7%# ')# "8BO# /(0# /@5(0@5(%1C# /(0# 2O9#;<5#+/%&'(/.#

,'*51%#E/(/>5@5(%#?7%#')#"8BI#2P.&(5#/(0#'%<5*1#DJJIQ#34-4#,'*51%#-5*6&75#"88 94#;<&1#

legislation sets forth three points that support the need for a long-term soil monitoring 

program. First, land management should not produce substantial and permanent impair-

ment of site productivity. Second, trees should be harvested only where soil, slope, or 

'%<5*#L/%5*1<50#7'(0&%&'(1#L&..#('%#M5#&**565*1&M.R#0/@/>504#S/1%.RC#%*55#7F%%&(>#1<'F.0#

'77F*#&(#/#@/((5*#%</%#5(1F*51#G*'%57%&'(#')#1'&.C#L/%5*1<50C#T1<C#L&.0.&)5C#*57*5/%&'(#

/(0#51%<5%&7#*51'F*751C#/(0#%<5#*5>5(5*/%&'(#')#%<5#%*55#*51'F*754#;<5#5115(75#')#%<515#

U5R#1%/%5@5(%1#')#./(0#5%<&71#&1#/#.5>&1./%&65#@/(0/%5#%</%#%<5#3-,-#7'(0F7%#*515/*7<C#

monitoring, and other assessments to evaluate management effects and to manage for 

sustained site productivity in a manner that assures protection of all resources and val-

F514#;<5#@'(&%'*&(>#G*'6&1&'(1#7/F150#7'(1&05*/M.5#7'(75*(#/@'(>#T5.0#1'&.#17&5(%&1%1#

&(#%<5#+,-#L&%<#*5>/*0#%'#05%5*@&(&(>#M/15.&(5#1'&.#G*'0F7%&6&%R#/(0#L</%#G/*/@5%5*1#

might be used to measure management effectiveness in maintaining soil productivity 

2P.&(5#/(0#'%<5*1#DJJI94

3-,-#K5>&'(1#L5*5# 0&*57%50# %'# 0565.'G# 1'&.# VF/.&%R# 1%/(0/*01# M/150# '(#?>5(7R#

>F&05.&(51# &(# ,'*51%# -5*6&75#W/(0M''U# 2,-W9# DXJ84"A:# -'&.#YF/.&%R#E'(&%'*&(>4# Z(#

P</G%5*# D# ')# ,-W# DXJ84"AC# %<5# 1'&.# VF/.&%R#@'(&%'*&(># G*'>*/@# &1# 1G5..50# 'F%# /1# /#

Figure 9. Weyerhaeuser soil disturbance classification system for Western Timberlands (adapted from Heninger and 
others 1997 and Curran and others 2007).
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systematic process in which data are collected to determine if soil management ob-

[57%&651# ')# @/&(%/&(&(># .'(>$%5*@# 1'&.# G*'0F7%&6&%R# /(0# 0565.'G@5(%# ')# 'G5*/%&'(/.#

1%/(0/*01#/*5#/7<&56504#Z%#L/1#7.5/*.R#%<5#G'.&7R#')#%<5#3-,-#%'

\# 051&>(#/(0#&@G.5@5(%#]51%#E/(/>5@5(%#N*/7%&751C

\# maintain or improve long-term site productivity,

\# plan and conduct soil quality monitoring,

\# evaluate the results of management actions, and

\# recommend mitigation measures for measured soil changes.

K51G'(1&M&.&%&51#L5*5#05.5>/%50#%'#K5>&'(/.#,'*51%5*1C#,'*51%#-FG5*6&1'*1C#^&1%*&7%#

K/(>5*1C# /(0# -'&.# -7&5(%&1%1# %'# 0565.'G# %<5# 1'&.# VF/.&%R# @'(&%'*&(># G*'>*/@4# -'&.#

-7&5(%&1%1#L5*5#1G57&T7/..R#>&65(#%<5#7</*>5#%'#7'(0F7%#/(0#1FG5*6&15#5))57%&65(511#/(0#

validation monitoring, to report management results and recommend changes in ac-

tions, and to coordinate validation monitoring with research units. However resources 

and time were not provided to adequately achieve these directions.

P</G%5*# D# ')# ,-W# DXJ84"A# L5(%# '(# )F*%<5*# %'# .&1%# 1'@5# _5`/@G.5a# 1'&.# VF/.&%R#

1%/(0/*014#;<515#&(7.F050#&(7*5/15#&(#MF.U#05(1&%R#b"X#G5*75(%C#*50F7%&'(#&(#G'*'1&%R#

b"J#G5*75(%C#)'*51%#c''*#*5@'6/.#/.'(>#L&%<#DX#@@#2"#&(7<9#')#@&(5*/.#1'&.C#@/7*'G'*5#

1G/75#*50F7%&'(#bXJ#G5*75(%C#/(0#5*'1&'(#.'1151#5`7550&(>#D4D#%'#O4O#E>#</$"#2"$D#%'(1#

ac$" yr$"94#?#)''%('%5#'(#/#%/M.5#%</%#.&1%50#%<515#_1%/(0/*01a#&(0&7/%50#%</%#%<515#L5*5#5`-

/@G.51#'(.R#/(0#('%#&(%5(050#%'#M5#/7%F/.#1'&.#VF/.&%R#1%/(0/*01Q#*5>&'(/.#1'&.#17&5(%&1%1#

L5*5#7</*>50#L&%<#%</%#%/1U4#P</G%5*#D#&(#,-W#DXJ84"A#/.1'#0&17F1150#%'G&71#1F7<#/1#

51%/M.&1<#%<*51<'.0#6/.F51#7/F1&(>#1&>(&T7/(%#7</(>51C#/..'L/M.5#/*5/#5`%5(%#')#0&1%F*-

M/(75C#@'(&%'*&(>#G*'[57%1#/(0#G./(1C#1/@G.5#1&d5#/(0#6/*&/M&.&%RC#1/@G.5#051&>(C#0/%/#

collection, and data analysis

;<5#(5%#*51F.%#)'*#3-,-#L/1#%</%#e/1<&(>%'(#=)T75#>F&0/(75#&(#,-W#DXJ84"A#L/1#

7/**&50#)'*L/*0#/(0#05%*&@5(%/.#1'&.#0&1%F*M/(75#'(#>*5/%5*#%</(#"X#G5*75(%#')#/(#/7%&6-

&%R#/*5/#L/1#15.57%50#/1#%<5#1'&.#VF/.&%R#1%/(0/*0#)'*#@/(R#')#%<5#,'*51%#-5*6&75#K5>&'(14

^5%*&@5(%/.# 1'&.#0&1%F*M/(75#L/1#05T(50#/1#7'@G/7%&'(#b"X#G5*75(%C# *F%%&(>C# 1'&.#

0&1G./75@5(%C#1565*5.R#MF*(50#/*5/1C#1F*)/75#5*'1&'(C#/(0#1'&.#@/11#@'65@5(%4#Z(#51-

15(75C#/(#_5`/@G.5a#&(#,-W#DXJ84"A#M57/@5#%<5#K5>&'(#"#_1%/(0/*0a#/(0#565*R#'%<5*#

K5>&'(#L5(%#&%1#'L(#L/R#'(#15%%&(>#1%/(0/*014#K5>&'(#"#&11F50#/#E/(F/.#1FGG.5@5(%#

%'#0517*&M5#&%1#1'&.#@'(&%'*&(>#G*'>*/@#234-4#,'*51%#-5*6&75#"88894#W'L565*C#&%#0&0#('%#

%/U5#.'(>#)'*#G*'M.5@1#%'#0565.'G4#;<5*5#L/1#&(7'(1&1%5(%#F15#')#%<5#1%/(0/*0#L&%<#*5-

>/*0#%'#1'&.#%RG5C#1'&.#G*'G5*%&51C#/(0#/7*'11#[F*&10&7%&'(/.#2K5>&'(/.9#M'F(0/*&514#+'(5#

')# %<5#K5>&'(/.# 1%/(0/*01#L5*5# *5/..R# 6/.&0/%50# &(# 7''G5*/%&'(#L&%<#3-,-#K515/*7<#

/(0#^565.'G@5(%C#5`75G%#)'*#%<5#S'(>$;5*@#-&%5#N*'0F7%&6&%R#-%F0R#2N'L5*1#/(0#'%<-

5*1#DJJX94#f65(%F/..RC#%<5#'*&>&(/.#1'&.#@'(&%'*&(>#G*'>*/@#L/1#7</..5(>50#&(#,505*/.#

^&1%*&7%#P'F*%#&(#E'(%/(/4#;<&1#1&%F/%&'(#.50#%'#%<5#0565.'G@5(%#')#%<5#(5L#K5>&'("#

-'&.#E'(&%'*&(>#N*'%'7'.#G*'%'%RG5C#/(0#&%#1''(#M57/@5#/#+/%&'(/.#,'*51%#1'&.#@'(&%'*-

ing protocol, because it describes a consistent approach and common language for soil 

monitoring within forested ecosystems.

 !"#$%&'#(%)&*%+&),#-+%*%.%'/?#*5.&/M.5#@'(&%'*&(>#G*'%'7'.#</1#M55(#&05(%&T50#

as a critical component of any adaptive management process for forest and rangeland 

1'&.#7'(15*6/%&'(#G*'>*/@1#2PF**/(#/(0#'%<5*1#DJJX94#3(&)'*@#/(0#F(/@M&>F'F1#05T(&-

tions of soil disturbance categories must also relate forest productivity and hydrologic 

)F(7%&'(#2PF**/(#/(0#'%<5*1#DJJB94#?#1'&.#@'(&%'*&(>#G*'%'7'.#@F1%#&(7'*G'*/%5#/#1%/-

%&1%&7/..R#*&>'*'F1#1/@G.&(>#G*'750F*5#/(0#T*@#05T(&%&'(1#')#6&1F/..R#'M15*6/M.5#1'&.#

disturbance categories

;<5#N*'%'7'.C#T*1%#0565.'G50#MR#3-,-#K5>&'(#"#/(0#%<5#K'7UR#E'F(%/&(#K515/*7<#

-%/%&'(C#&(7'*G'*/%51#1'&.#VF/.&%R#@'(&%'*&(>#5))'*%1#G&'(55*50#&(#%<5#N/7&T7#+'*%<L51%#

2K5>&'(#I9#2W'L51#/(0#'%<5*1#"8A 94#;<5#N*'%'7'.#&1#/#@F.%&$)/75%50#/GG*'/7<#%'#%<5#

1'&.#0&1%F*M/(75#/(0# )'*51%# 1F1%/&(/M&.&%R# &11F5# 2T>4"J94#;<5#N*'%'7'.#F151#6&1F/.# 1'&.#

0&1%F*M/(75#7./1151#2W'L51#/(0#'%<5*1#"8A Q#N/>5$^F@*'515#/(0#'%<5*1#DJJI9C#/(0#/#

1%/(0/*0#&(65(%'*RC#@'(&%'*&(>C#/(0#/11511@5(%#%''.4#Z%#5@G.'R1#7'@@'(#%5*@&('.'>R#

/(0#</1#/(#/77511&M.5#0/%/M/154#;<5#6&1F/.#0&1%F*M/(75#7'(1&05*/%&'(1#/*5#1'&.#*51&.&5(75C#

degree of disturbance, duration, distribution, and location in relation to other resources. 
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^517*&G%&'(1#')#%<5#0&1%F*M/(75#7./1151#G*5$#/(0#G'1%$</*651%#/*5#.&1%50#&(#%/M.51#I#/(0#B4#

,F..#05%/&.1#')#%<5#,'*51%#-'&.#̂ &1%F*M/(75#E'(&%'*&(>#N*'%'7'.#7/(#M5#)'F(0#&(#g'.F@5#Z#

/(0#g'.F@5#ZZ#')#%<5#%57<(&7/.#>F&051#2N/>5$^F@*'515#/(0#'%<5*1#DJJ8/C#M94

Z(#'*05*#%'#*50F75#@'(&%'*&(>#6/*&/M&.&%RC#/#6&1F/.#>F&05#')#1'&.#0&1%F*M/(75#&1#M5&(>#

0565.'G50#MR#%<5#34-4#,'*51%#-5*6&75h1#-/(#̂ &@/1#;57<('.'>R#/(0#̂ 565.'G@5(%#P5(%5*#

with a draft title of Soil Disturbance Field Guide 2+/GG5*#/(0#'%<5*1C#DJJ89. ;<5#>F&05#

Figure 10. USFS Region 1 Soil Monitoring 
Protocol multi-faceted approach to forest 
site productivity.

Table 6— !"#$%&'!()&*($%+",-./#&0!.(%!"(.1&2"!%!/!)&3"#45-"6#$%&$!()&7($%+",-./#&/)-$$&7#8.(%(!.$&92-1#4*+:"!#$#&-.7&!%5#"$&;<<=->&,?@

Class 0—Undisturbed natural state

Soil surface:

 No evidence of past equipment operation.

& A!&7#3"#$$(!.$&!"&B5##)&%"-/C$&#6(7#.%@

&  !"#$%&D!!"&)-E#"$&3"#$#.%&-.7&(.%-/%@

 No soil displacement evident.

Class 1—Low soil disturbance

Soil surface:

&  -(.%&B5##)&%"-/C$&!"&$)(15%&7#3"#$$(!.$&#6(7#.%&-.7&-"#&FGH&/:&7##3@

&  !"#$%&D!!"&)-E#"$&3"#$#.%&-.7&(.%-/%@

 Soil surface has not been displaced and shows minimal mixing with subsoil.

& '!:#&#6(7#./#&!I&,+".(.1&(:3-/%$&(./)+7#&-&:!$-(/&!I&/5-""#7&-.7&(.%-/%&I!"#$%&D!!"&)-E#"$&%!&3-"%(-))E&/!.$+:#7&$+"I-/#&J0&

B(%5&,)-/C#.#7&$+"I-/#&$!()@&K!!%&/"!B.$&-.7&$+"I-/#&"!!%$&!I&1"-$$#$&-"#&.!%&/!.$+:#7@

 !"##$%&'()*+",*$)-#,.+/"01*

Soil surface:

& L5##)&%"-/C$&!"&7#3"#$$(!.$&-"#&MGH&/:&7##3@

&  !"#$%&D!!"&)-E#"$&3-"%(-))E&(.%-/%&!"&:($$(.1@

& '+"I-/#&$!()&3-"%(-))E&(.%-/%&-.7&:-E&,#&:(N#7&B(%5&$+,$!()@

& O+".(.1&/!.$+:#7&I!"#$%&D!!">&"!!%&/"!B.$>&-.7&$+"I-/#&"!!%$&!I&1"-$$#$@&'+"I-/#&$!()&($&,)-/C#.#7@

Class 3—High disturbance

Soil surface:

& L5##)&%"-/C$&-.7&7#3"#$$(!.$&5(15)E&#6(7#.%&B(%5&7#3%5&,#(.1&MP<&/:&7##3@

&  !"#$%&D!!"&)-E#"$&-"#&:($$(.1@

& Q6(7#./#&!I&%!3$!()&"#:!6-)>&1!+1(.1>&-.7&3()(.1@

 Soil displacement has removed the majority&!I&%5#&$+"I-/#&$!()@&'+"I-/#&$!()&:-E&,#&:(N#7&B(%5&$+,$!()@&'+,$!()&3-"%(-))E&!"&%!%-))E&

exposed.

& O+".(.1&/!.$+:#7&%5#&I!"#$%&D!!">&"!!%&/"!B.$&-.7&$+"I-/#&"!!%$&!I&1"-$$#$@&Q6(7#./#&!I&$#6#"#)E&,+".#7&$!()$&9:(.#"-)&$!()&"#7&

(.&/!)!"?@
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0&1G./R1#%<5#1/@5#)'F*#7./1151#')#0&1%F*M/(75#2('(5C#.'LC#@'05*/%5C#/(0#<&><9#0517*&M50#

&(#%<5#,'*51%#-'&.#^&1%F*M/(75#E'(&%'*&(>#N*'%'7'.#/7*'11#/#*/(>5#')#)'*51%#57'1R1%5@1#

&(#%<5#3(&%50#-%/%514#Z%#&1#@5/(%#)'*#F15#/1#/#>F&05#%'#%*/&(#T5.0#7*5L1C#/#@5/(1#%'#G*'6&05#

a high level of consistency, and a focal point for discussions to improve communication 

/@'(>#G*')511&'(/.1#&(%5*51%50#&(#/11511&(>#1'&.#0&1%F*M/(754#;L'#5`/@G.51#)'*#/#7./11#

DC#.'L#1'&.#0&1%F*M/(75C#/*5#1<'L(#&(#T>F*5#""#)'*#.'0>5G'.5#G&(5#/(0#G'(05*'1/#G&(54

?#1%/(0/*0&d50#0/%/# 1<55%# &1#G/*%#')# %<5#G*'%'7'.# %'# 5(1F*5# %</%# %<5# 1/@5#0/%/# /*5#

7'..57%50#'(#5/7<#1&%5#2-'S'#DJJA94#;<5#)'*@#<5/05*#7'(%/&(1#M/1&7#1&%5#0/%/C#.'7/%&'(C#

/(0#>5(5*/.#1/@G.&(>#05%/&.1#2%/M.5#A94#;<5#*5@/&(05*#')#%<5#%/M.5#7'(%/&(1#%<5#1G57&T7#

1'&.#0517*&G%&65#/(0#0&1%F*M/(75#&()'*@/%&'(#2%/M.5#894#;<&1#G*'%'7'.#%/U51#%<5#T*1%#1%5G1#

in describing how forest management alters soil surface conditions from a pre-harvest 

7'(0&%&'(4#S'7/.#1G57&/.&1%1#/*5#7</*>50#L&%<#05T(&(>#<'L#%<'15#/.%5*/%&'(1#@&><%#/))57%#

Table 7— !"#$%&'!()&*($%+",-./#&0!.(%!"(.1&2"!%!/!)&3!$%45-"6#$%R,+".&7($%+",-./#&/)-$$&7#8.(%(!.$&92-1#4*+:"!#$#&-.7&!%5#"$&;<<=->&,?@

Class 0—Undisturbed natural state

Soil surface:

 No evidence of past equipment operation.

& A!&7#3"#$$(!.$&!"&B5##)&%"-/C$&#6(7#.%@

&  !"#$%&D!!"&)-E#"$&3"#$#.%&-.7&(.%-/%@

 No soil displacement evident.

Class 1—Low soil disturbance

Soil surface:

&  -(.%&B5##)&%"-/C$&!"&$)(15%&7#3"#$$(!.$&#6(7#.%&-.7&-"#&FGH&/:&7##3@

&  !"#$%&D!!"&)-E#"$&3"#$#.%&-.7&(.%-/%@

 Soil surface has not been displaced and shows minimal mixing with subsoil.

& '!:#&#6(7#./#&!I&,+".(.1&(:3-/%$&(./)+7#&-&:!$-(/&!I&/5-""#7&-.7&(.%-/%&I!"#$%&D!!"&)-E#"$&%!&3-"%(-))E&/!.$+:#7&$+"I-/#&J0&

B(%5&,)-/C#.#7&$+"I-/#&$!()@&K!!%&/"!B.$&-.7&$+"I-/#&"!!%$&!I&1"-$$#$&-"#&.!%&/!.$+:#7@

Soil resistance to penetration with tile spade or probe:

& K#$($%-./#&!I&$+"I-/#&$!()$&:-E&,#&$)(15%)E&1"#-%#"&%5-.&!,$#"6#7&+.7#"&.-%+"-)&/!.7(%(!.$@&S!./#.%"-%#7&(.&%5#&%!3&<4G<&/:@

J,$#"6-%(!.$&!I&$!()&35E$(/-)&/!.7(%(!.$T

& S5-.1#&(.&$!()&$%"+/%+"#&I"!:&/"+:,&!"&1"-.+)-"&$%"+/%+"#&%!&:-$$(6#&!"&3)-%E&$%"+/%+"#>&"#$%"(/%#7&%!&%5#&$+"I-/#&<4G<&/:@

 !"##$%&'()*+",*$)-#,.+/"01*

Soil surface:

& L5##)&%"-/C$&!"&7#3"#$$(!.$&-"#&MGH&/:&7##3@

&  !"#$%&D!!"&)-E#"$&3-"%(-))E&(.%-/%&!"&:($$(.1@

& '+"I-/#&$!()&3-"%(-))E&(.%-/%&-.7&:-E&,#&:(N#7&B(%5&$+,$!()@

& O+".(.1&/!.$+:#7&I!"#$%&D!!">&"!!%&/"!B.$>&-.7&$+"I-/#&"!!%$&!I&1"-$$#$@&'+"I-/#&$!()&($&,)-/C#.#7@

Soil resistance to penetration with tile spade or probe:

& U./"#-$#7&"#$($%-./#&($&3"#$#.%&%5"!+15!+%&%!3&G<4P<&/:&!I&$!()@

J,$#"6-%(!.&!I&$!()&35E$(/-)&/!.7(%(!.T

& S5-.1#&(.&$!()&$%"+/%+"#&I"!:&/"+:,&!"&1"-.+)-"&$%"+/%+"#&%!&:-$$(6#&!"&3)-%E&$%"+/%+"#>&"#$%"(/%#7&%!&%5#&$+"I-/#&G<4P<&/:@

& 2)-%E&$%"+/%+"#&($&1#.#"-))E&/!.%(.+!+$

& V-"1#&"!!%$&:-E&3#.#%"-%#&%5#&3)-%E&$%"+/%+"#>&,+%&8.#&-.7&:#7(+:&"!!%$&:-E&.!%@

Class 3—High disturbance

Soil surface:

& L5##)&%"-/C$&-.7&7#3"#$$(!.$&5(15)E&#6(7#.%&B(%5&7#3%5&,#(.1&MP<&/:&7##3@

&  !"#$%&D!!"&)-E#"$&-"#&:($$(.1@

& Q6(7#./#&!I&%!3$!()&"#:!6-)>&1!+1(.1>&-.7&3()(.1@

 Soil displacement has removed the majority&!I&%5#&$+"I-/#&$!()@&'+"I-/#&$!()&:-E&,#&:(N#7&B(%5&$+,$!()@&'+,$!()&3-"%(-))E&!"&%!%-))E&

exposed.

& O+".(.1&/!.$+:#7&%5#&I!"#$%&D!!">&"!!%&/"!B.$&-.7&$+"I-/#&"!!%$&!I&1"-$$#$@&Q6(7#./#&!I&$#6#"#)E&,+".#7&$!()$&9:(.#"-)&$!()&"#7&

(.&/!)!"?@

Soil resistance to penetration with tile spade or probe:

& U./"#-$#7&"#$($%-./#&($&7##3&(.%!&%5#&$!()&3"!8)#&9M&P<&/:?

J,$#"6-%(!.$&!I&$!()&35E$(/-)&/!.7(%(!.$T

& S5-.1#&(.&$!()&$%"+/%+"#&I"!:&1"-.+)-"&$%"+/%+"#&%!&:-$$(6#&!"&3)-%E&$%"+/%+"#&#N%#.7$&,#E!.7&%5#&%!3&P<&/:@

& 2)-%E&$%"+/%+"#&($&/!.%(.+!+$@

& K!!%$&7!&.!%&3#.#%"-%#&%5#&3)-%E&$%"+/%+"#@
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