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Overview of Soil Survey Database
History with Uncertainty
implications

Zamir Libohova, Skye Wills, Paul Finnell, Jon Hempel, Steve
Peaslee

USDA-NRCS-National Soil Survey Center
Lincoln, Nebraska
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Precision vs. Accuracy vs. Uncertainty

Probability
density

Reference value

Accuracy: The ability of a measurement to
match the actual value of the quantity being

measured

A
Accuracy Uncertainty: The estimated amount or
¢ > percentage by which an observed or calculated
value may differ from the true value
>
< . > Value
Precision

Precision: The ability of a measurement to be
consistently reproduced
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A

Error/Precision/Accuracy

Low Accuracy High Accuracy High Accuracy

High Precision Low Precision High Precision

Random Error small Random Error large Random Error small

Systematic Error large Systematic Error small Systematic Error small
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Versioned GlobalSoilMap.net products
Release 2.2

For the purposes of these specifications, uncertainty is defined in
terms of the 95% prediction interval (Pl). The 95% PI reports the
range of values within which the true value is expected to occur
19 times out of 20 (or 95% of the time). The 95 per cent (£ 2.5%)
confidence limit is often regarded as appropriate for range
definition (IPCC, 1996).

There is no assumption that this prediction interval is necessarily
symmetric around the predicted value.
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Chasing the Errors/UncertaintyNﬁ

e Possible sources of Errors/Uncertainty:

— Analytical methods (precision estimates):
e Between Laboratories Reproducibility (R);

e Within Laboratory:
— Reproducibility (R));
— Repeatability (r).

— Pedotransfer Functions (ptf);

— Database Transactions;

— Pedon Accuracy Locations (PLS vs GPS);
— Other sources (ongoing).

al Resources Conservation Service
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Analytical Methods

These three precision estimates are measures of the spread of results
when a sample is analyzed repetitively under specified conditions, with
95% confidence that results would fall within + (R, R, or r) of the
mean:

— Between Laboratory Reproducibility(R) : is a measure of the
agreement between results obtained by the same method on identical
test materials under different conditions (e.g., different laboratories,
different analysts, different equipment, etc.);

— Within Laboratory Reproducibility ”R ”+is a similar measure but
within the same laboratory;

" Il

— Within Laboratory Repeatability : measures the agreement
between results obtained within the Iaboratory by the same method
on identical test material under the same conditions (e.g., same
analyst, same day, same equipment, etc.).




Database Transactions

 Many paths have been followed to populate the soil
property attribute tables:

— Measured laboratory data;

— Field data estimates/tacit knowledge;
— Class Limits (UL and LL);

— Arithmetic Mean of UL and LL (for RV);

— Other means.

e Poor documentation.
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The Call to Paul

To BE m_ ' THE | THE BIGGE&T n.mn
LEGACY eEEEe IN TH"_r;. Ei%mus'r

501 OATA?

I WORRY THAT BEING |2 WHY DO YOUR
ASSIGNED TO WORK ON | 3] 1y vou comnmmmven | | ASSURANCES MaKe
WILL MAKE ME APPEAR e
LESS VALUABLE IN : } e
THE FUTURE, DRESS CODE
15 “TROLL."

o

128408 ©2008 Scotl Adams,
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Source: Dilbert by Scott Adams at dilbert.com
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Chasing the Errors/Uncertainty

e Possible sources of Errors/Uncertainty:

— Analytical methods (precision estimates):
e Between Laboratories Reproducibility (R);

e Within Laboratory:
— Reproducibility (R));
— Repeatability (r).

— Pedotransfer Functions (ptf);

— Database Transactions;

— Pedon Accuracy Locations (PLS vs GPS);
— Other sources (ongoing).
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Error source and magnitude associated with analytical pH
methods and pH 1:1,, and pH 1:2., predictors (ptf)
pH 1:1,,

B Root Mean Square Error (RMSE)
B Between Laboratory Reproducibility (R)
= Within-Laboratory Reproducibility (RL)

M Repeatability (r)

pH1:2.,

B Root Mean Square Error (RMSE)
H Between Laboratory Reproducibility (R)

1 Within-Laboratory Reproducibility (RL)

N Repeatability (r)
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NSSH Definitions

618.0 Definition and Purpose

The soll properties entered in the National Soil Information System (NASIS) must
be representative of the soil and the dominant land use for which the
interpretations are based

618.2 Collecting, Testing, and Populating Soil Property Data

Most data entries are developed by aggregating information from point data
(pedons) to create low, high, and representative values for the component.

618.3 Soil Properties and Soil Qualities

Ranges of soil properties and qualities that are posted in the NASIS database
for map unit components may extend beyond the established limits of the
taxon from which the component gets its name, but only to the extent that
interpretations do not change. However, the representative value (rv) is within
the range of the taxon.

Source: http://soils.usda.gov/technical/handbook/contents/part618.htmI#00
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Chasing the Errors/Uncertainty

e Possible sources of Errors/Uncertainty:

— Analytical methods (precision estimates):
e Between Laboratories Reproducibility (R);

e Within Laboratory:
— Reproducibility (R));
— Repeatability (r).

— Pedotransfer Functions (ptf);

— Database Transactions;

— Pedon Accuracy Locations (PLS vs GPS);
— Other sources (ongoing).




Official Series
Descriptions
(OSDs)

A 4

Transferred to
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Contained typical soil profiles with genetic horizons
(A/Ap, Bt...Cr, R and Laboratory Data)

National Guidelines (National Survey Handbook- NSH,
1983) developed to convert genetic horizons to similar
layers (L1..L6) based on interpretations.
However, some states customized (fine tuned) the soil
property ranges from the NSH to fill in Soil Interpretations
Record (aka SOI-5).

Idaho example:

Liquid Limit/Plasticity Index and CEC

©

Examples:
OSD
Horizon Thickness OM (%)
Ap 0-5 4.4
Al 5-15 3.6

Ap 0-10 4.6

A6 170-200 n/a




How the SOI-5 were
populated

Interpretations - Soil Pr

Exhibit 618-7 Estimating LL and PI from Percent and Type of Clay.

Mintgac S

Table for Estimating LL and PI as Based on Kind and Percent of Clay

’ Mixed class 2/ Mixed class3/
Percent Montmorillonitic 1/ with considerable with considerable
of clay class 2:1 clays 1:1 clays
LL PI LL PI LL PI
10 26 9 21 4 16 ]
12 28 11 23 6 18 4
14 30 12 25 7 20 5
16 32 14 26 8 21 6
18 34 15 28 9 23 7
20 36 17 30 11 25 8
2 38 19 32 13 27 9
24 40 20 34 14 29 10
26 42 22 35 15 30 11
28 44 23 37 16 32 12
30 46 25 39 18 34 13
32 48 27 41 20 36 14
34 50 28 43 21 38 15
36 52 30 £ 22 39 16
38 54 31 46 23 41 17
40 56 33 48 25 43 18
42 58 35 50 27 45 19
44 60 36 52 28 47 20
46 62 38 53 29 48 21
48 64 39 55 30 50 22
50 66 41 57 32 5 23
52 68 43 59 34 54 24
54 70 44 61 35 56 25
56 72 46 62 36 57 26
58 74 47 64 37 59 27
60 76 49 66 39 61 28
L/ Based on the relationship of LL = 16 + 1.0 (clay) and PI = LL - [15 + 0.2 (clay)].
2/ Based on the relationship of LL = 12 + 0.9 (clay) and PI = LL - [15 + 0.2 (clay)].
3/ Based on the relationship of LL = 7 + 0.9 (clay) and PI = LL -[ 0 + 0.4 (clay)].

May :1984 HBM

LIQUID LIMITS AND PLASTICITY INDEX IDAHO

percent total clay
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Graph number |

Applies to most Idaho
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‘ed States Sall West Natirnal Technical Center
artment of Conservation 511 N.W. Broadway, Rm. 248
Culture Service Portland, Oregon 97209-3489

CEC Example

July 11, 1989
mmmm.m:o—s—z -
SURRCT: S0 - SOIL DNERPIETAIGNS - CaC ESTDATIN Rules were developed based on laboratory data
B i et n b o et 2 s i) ara and research;

Ewmiration Date. Saptember 30, 1989.

Many publications appeared in SSSJ and other
The National Soil Survey Laboratary has provided the following

tary
information to assist in stimating cation exchange capaci (=0 & .
ﬂaesoildataha.ntnew;uu:i.esﬂ:r&-mr-ﬂ. Intl‘ematy:ﬁm,m:‘ s Journals

m&mmmumnmmmmw.

The Yok of Nettleton, Brasher, and Bamer, NS, has been asenilated For example: Donald et al., 1993. Correlations

ty
percent clay®, C.Ixyacttvityl.sdetmimdhyﬂ:ndoof@:tcatim

S ey o SRR 5 Seemined by e o of o Between Field and Laboratory Measurements of
arees o clay sctivity: Hin mom coeL Lujeretes geeral geographical Soil Color. In SSSA Special Publication No. 31.

gmaﬂyinaquugnphi:uumdwillmaﬂybnﬂumthmngﬂmta
s0il profile”. (Baumer, Rice 1988)

By using the map, the following example demonstrates how CEC's can be
estimated for the clay plus erganic matter: a soil with 20% clay in
clay activity class 5, [208 x (0.4 to 0.6) x 100], would have CBC 8 to
lzmaqfloogfwunm
Anme::inpliﬁedmtndfmdetemuﬁmgmedxofmicm
discussed in’ and Zraqy follows: T =3 MM x (2) x 100, examle;
3@ =1to 2 thus C =001 £0 0.02 x (2) = 200 or 2 +n 4 meq/100q.
B}esemhersaxea&]edtnthem:fnrﬂ:eclzyﬁacﬂm.{mﬁrﬂa
layerwmmhemtnls:wndedmthenﬂ:es:Sm.e.
--eﬂzyfortheﬂ'—&:I—Swmlﬂlzlﬂtnlqu/lOOq. :
_ 2 meq jue T p @ 1
Itmremnmﬁedttn:ﬂ&smﬂndaf&ehemmingax:vamwmad
Supplenent existing laboratory data. This will provide a consigtent
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Populated via different venues:

Official Series . 1. Laboratory Data Analysis;
Descriptions 2. Field Observations;
(OSDs) Rules (not always followed):

. . . TdaY -0°
Soil Series Database Within 75-80% (2St.Dev.) of Lab.
data when more than one pedon

Ames, lowa available.

Top-Down Approach UL and LL populated with Class
Limits derived from Field
Observations when less than one
pedon available.

O===E

Soil Survey Report Tables
Published Soil Surveys

a

(" Some States edited )
SSSD to match with . SOI-6 (Map Unit Record) tracked
Published Soil State Soil Survey Database which phases on SOI-5 were used
% Surveys ) SSSD for a map unit:
4 ] ‘1’ 1. Depths and number of layers were
and/or edited SSSD In 1994 modified to reflect local
to fit local ) conditions.
conditions , : - Slove; o
\ National Soil Inventory System . Range site (Ecological Site

NASIS Description).
QSDA NRCS Bottom-Up Approach

Natural Resources Conservation Service

v




Exhibit 603-18. Soil Interpretations Record (SCS-S0I-5).

m

T s

SOIL INTERPRETATIONS RECORD
P, i s SreR s P e Select:
e G [l ey =8 the appropriate phases from SOI-5:
T st  Surface texture;
— == * Slope;
& - - * Range Site (Ecological Site Description)
R B i i to populate SOI-6

1%
5
H
2
|

;

o

St e =
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el L emurrearing Sereice

P T = Sir s | MAP UNIT HECORD
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T E::m’m&fk_ . SURVEY ACRLCAGE BY COUNTIES -
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National Soil Inventory System NASIS Rationale:
NASIS

Interpretations developed based
on actual soil properties;

Data capture at field level;
(“bottom up” instead of “top

Is under constant editing as down”);

data and/or observations
become available

Multiple Components (SOI 6 limit
was 3);

Multiple Horizons (SOI 5 limit was
6);

“RV”s - Representative Values for

Soil Data Mart (SDM) Modeling.
Published Snapshot of NASIS

http://soildatamart.nrcs.usda.gov/

The end result: several
sources are now

available with different
Soil Survey State Soil

Geographic Geographic
Database Database
SSURGO STATSGO2

http://soils.usda.gov/survey/geography/ssurgo/ http://soils.usda.gov/survey/geography/statsgo/

soil property values for
the same soil map
units.
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Laboratory Pedon Data

Laboratory Information Management System
LIMS

National Cooperative Soil Survey

Soil Characterization Data
http://ncsslabdatamart.sc.egov.usda.gov/

The NASIS/SDM/SSURGO are not directly linked with LIMS and can not be
gueried simultaneously;

Matching records between estimated and measured soil properties especially
at horizon level is very difficult almost impossible for a 1:1 analysis ;

L1..L6 and/or H1..H6 and Genetic Horizons — Ap/A; Bt; C can not be
disaggregated in a straightforward manner.



Populated via different venues:

Official Series . 1. Laboratory Data Analysis;
Descriptions 2. Field Observations;
(OSDs) Rules (not always followed):

. . . TdaY -0°
Soil Series Database Within 75-80% (2St.Dev.) of Lab.
data when more than one pedon

Ames, lowa available.

Top-Down Approach UL and LL populated with Class
Limits derived from Field
Observations when less than one
pedon available.

O===E

Soil Survey Report Tables
Published Soil Surveys

a

(" Some States edited )
SSSD to match with . SOI-6 (Map Unit Record) tracked
Published Soil State Soil Survey Database which phases on SOI-5 were used
% Surveys ) SSSD for a map unit:
4 ] ‘1’ 1. Depths and number of layers were
and/or edited SSSD In 1994 modified to reflect local
to fit local ) conditions.
conditions , : - Slove; o
\ National Soil Inventory System . Range site (Ecological Site

NASIS Description).
QSDA NRCS Bottom-Up Approach

Natural Resources Conservation Service
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Dillon Creek Watershed Study Case

Soil depth to Lithic/Paralithic was measured for 127 georeferenced points
stratified by major slope position (summit/shoulder, sideslope, and toeslope),
but collected randomly within each slope position.

Depth to Lithic/Paralithic Contact (cm)

Slope
Position Soil Series OSD'? SSURGO-RV# Published Soil Survey’

Summit/ B Tilsit, Bedford, Apalona, Johnsburg 198 201 178
shoulder B Tilsit, Bedford, Apalona 188 201 188
— Zanesville, Apalona, Wellston 165 173 155
Side [ Gilpin, Wellston, Adyeville, Ebal 102 92 134
slope B Gilpin, Ebal, Berks 105 69 109
— Pekin, Bartle 126 201 119
| B Cuba 119 201 119
Toeslope Steff, Stendal, Burnside, Wakeland 200 201 200
- Rocky Outcrops, Steep Slopes 20 20 20

t- Official Series Descriptions.
- Soil Survey Geographic Database Representative Values.
§ - Published Soil Survey values were used.



ST

Natural Resources Conservation Service

Dillon Creek Watershed Study Case

Dubois County Orange County
SSURGO Soil Depth (cm) N
[
[ ]74 W+E
[7e
4 A : . S

0 05 1
Kilometers
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200 4

160 4

120

Depth{cm)

80

Toeslope Summit

Slope Position

Representative Values (RV) are the latest
and most reliable source of expected soil
properties, but RV can be derived in a
variety of ways. For instance, the RV could
be: (i) an average of the ranges (Min and
Max); (ii) chosen within that range that
would be the most likely to occur; (iii)
chosen from the OSDs pedon ; (iv) or
perhaps chosen from the representative
pedon in a county, (v) but it could be a
"virtual" pedon (M. Wigginton, personal
communication).

Depth Difference (cm)

mMeasured
BTASM
DSSURGO-RYV

oosD

ab  ap

Backslope

120 -

100

80

60

20

The Published Soil Survey predicted values
for depth to lithic/paralithic contact were on
average within 26 cm of measured values
and were significantly closer to observations
than SSURGO, which had a 57 cm mean
difference from measured values.

BMeasuredvs OSD

BMeasuredvs SSURGO_RY

OMeasuredvs TASM

Summit Backslope

Slope Position
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Mapped Soil Series with > 1 Million acres

&

No./’SoiLSe{jgs Iﬁlo. Ca‘qnties Acres &
Valentine 5 8,830,725 e
Pullman 18 2,730,955 -
Richfield 11 2,
Williams-Bowbel 4 ' ‘

22

1,050,027

17 7 1,046,356
18 15 1,031,900
19 Nicollet 27 1,029,574
20 Ipava 5 ,024,960

LabData_Sites_Intersect Mukey_pedon_id
)

LabData_Sites_Intersect

@
[ |

states

(I
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Soil Series/Types

 pH RV. vs. Arithmetic Mean by Soil Series

9 = | pHW RV = 0.098 + 0.99*pHW Mean
-| R2Z=0.96
Z| RMSE=0.16 .
= — | Mean of Response =7.1 =
= | Observations = 11056 ot
== - 5
e = )
= ¥
T _
Ll Z
6
5
- 1 1 -I 1 ] ] 1 ] I T 1 ] 1 1 I 1 T 1 ] 1 ] ] ] ] ] 1 I ] ] ]
5 G 7 8 L

pHW Mean



pH RV. vs. Arithmetic Mean by USDANRCS

Natural Resources Conservation Service

Surface Horizons B Horizons C Horizons
Horizons Mean R2 RMSE Slope Observations Horizons Mean R? RMSE Slope Observations Horizons Mean R2 RMSE Slope Observations
Oe 58 na 000 0.00 5 B 77039 002 099 >2 c1 6.6 0.93 0.15 1.09 49
oi 6.7 1.00 0.00 1.00 30 BC /-8 061018 0.59 3 €1,c2 7.9 1.00 1.00 0.00 87
A 6.8 0.78 0.17 0.85 1074 BCe 7:60.53 0.24 0.0 14 C2 7 0.98 0.09 0.98 37
BCk 8.2 0.93 0.05 1.58 27
Al 7.2 0.99 0.02 0.95 12 BCt 15 006 027 0.33 1 c3 7.1 0.98 0.05 0.92 5
A2 7.6 1.00 0.00 1.00 3 BCte 75 0.00 012 0.00 < cd 7.6 -0.02 0.05 -3.00 37
AB 7 1.00 na 0.80 2 BEC 52 1.00 0.00 0.80 4 Cg 7.8 0.00 0.08 0.00 35
AC 6.5 0.11 0.20 1.06 168 Bk 79 066 0.05 1.06 909 Ck 8.2 1.00 0.00 1.20 23
Ap 6.9 0.71 0.15 0.71 982 Bk,C 7.9 1.00 0.00 1.00 52 7.5 0.70 0.20 0.17 273
Ap,A 6.6 0.88 0.07 1.68 81 Bk1 8.2 0.72 0.05 1.25 50
Apl 7.2 0.89 0.07 1.00 3 Bk2 8.2 0.00 0.04 0.02 50
Apc 53 0.34 0.05 -0.32 21 Bt 7.3 0.85 0.20 0.74 261
Au 6.55 1.00 na 0.60 2 Bt1 7.2 0.88 0.20 0.96 106 H Layers
E 59 0.27 0.38 0.48 14 Bt1, Bt2 6.7 0.92 0.12 0.99 10 Horizons Mean R2 RMSE Slope Observations
Ec 54 0.00 021 0.00 10 Bt2 7.3 0.91 0.15 0.98 104 H1 6.6 0.97 0.12 0.99 1028
6.5 0.69 0.11 0.70 2407 Btc 5.3 1.00 0.00 1.20 14 H2 6.6 096 0.18 0.99 968
Btg 6.9 0.34 0.22 055 15 H3 7.2 0.98 0.16 0.97 853
Btgl 6.3 0.01 0.28 0.13 17 H4 7.1 0.98 0.18 0.97 469
Btgl, Btg3 6.9 1.00 0.00 -0.80 3 H5 6.0 0.99 0.06 1.06 133
Btg2 6.8 0.89 0.19 2.56 19 6.7 098 0.14 1.00 3451
Btk1 8.1 0.96 0.05 0.95 34
Btk2 8.2 0.00 0.02 2.00 40
Btk3 8.2 1.00 0.00 0.00 27
Btkk 8.3 1.00 0.00 0.33 21
Btv1l 5.2 1.00 0.00 1.20 4
Bw 7.1 0.84 0.14 0.6 994
Bw, BC 6.6 1.00 0.00 0.80 5
Bw1l 7.3 1.00 0.00 1.20 50
Bwl, Bw2 6.7 0.15 0.09 1.10 9%
Bw2 73 na 0.00 -0.40 48

7.2 0.70 0.09 0.79 3076
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State Soil DB

Database Mean R2 RMSE Slope Observations Database Mean R2? RMSE Slope Observations
Alabama 5.3 0.96 0.03 0.99 41 STATSGO2 6.4 0.99 0.04 0.99 369

Colorado 7.7 099 0.04 1.04 115 SSURGO 7.1 0.96 0.17 0.99 10687

Florida 5.3 0.18 0.18 0.67 48 6.8 0.98 0.11 0.99 11056

Georgia 5.2 0.99 0.02 1.14 566

lowa 6.9 0.99 0.03 0.91 300

Illinois 6.7 0.71 0.38 1.00 563

Indiana 7 090 0.22 096 338 A ingful IVsi Id be b d
Kansas 75 0.98 0.09 1.03 1194 more meaningrul analysis wou e based on
Michigan 6.9 0.89 027 1.09 330 genetic horizons or perhaps depth increments,
Minnesota 7.2 0.97 0.10 0.95 636 recognizing that there are limitations to both
Montana 7.5 099 0.01 0.97 17

North Dakota 7.4 0.97 0.09 1.20 2850 approaches.

Nebraska 6.7 0.86 0.17 0.99 1178

New Mexico 7.6 0.99 0.02 1.00 93

Ohio 69 094 021 098 558 However, before getting there

Oklahoma 7.8 099 0.02 1.02 42
South Dakota 7.3 0.98 0.09 1.04 759
Texas 7.8 0.93 0.10 1.00 1016
Wisconsin 6.7 0.99 0.02 0.99 22
Wyoming 7.7 0.99 0.02 1.00 21

7.0 091 0.11 1.00 10687
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CEC Data Entry Method

Data Entry Method Mean R? RMSE Slope Observations
Mean of UL and LL 19.3 0.95 1.14 0.95 4215
Transferedfrom SOI-5/SOI-6 to SSSD 20.1 0.99 1.53 1.02 760
Manually Entered 16.1 0.99 0.63 0.99 5315

18.5 0.98 1.10 0.99 10290
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Can we address these questions

consistently and in a statistical manner

How close are the estimated RV to the
measured mean?

What about the UL and LL?

How can we quantify the impact of database
transactions to uncertainty, if at all?

What does this means for predicted soil
property maps?



RV pH 1:1W
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Measured pH vs. RV pH 1:1,,

RV pH1:1,, = 4.1 + 0.40*Measured pH 1:1,,

R2 =0.39

RMSE =0.41

Mean of Response = 6.9
Observations =262

Surface Horizons

RV Pedons

A Al

Measured pH 1:1W
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Estimated SSURGO pH RV vs. Mean Pedons

SSURGO_RV pH 1:1,, Pedon_Mean pH 1:1,,
° —T— 100.0% maximum 7.9 100.0% maximum 8.7 } T
i 99.5% 79 | 99.5% 8.7 )
7.5- 97.5% 79 | 97.5% 81 g .
90.0% 7.4 | 90.0% 7.9
\ 75.0% quartile 7.2 | 75.0% quartile 7.6 AN |
7 50.0% median 6.7 | 50.0% median 7.1 N\
\ [ < 25.0% quartile 6.5 25.0% quartile 6.2 7 — > I
/ 10.0% 61 | 10.0% 5.8 :|:| O
6.5 2.5% 58 | 2.5% 5.4 i

- 0.5% 5.3 0.5% 4.8
0.0% minimum 5.3 0.0% minimum 4.8 6—
6 Mean 6.8 Mean 6.9 -

Std Dev 0.54 | Std Dev 0.81
5 5—/

Std Err 0.03 Std Err 0.05 -
N 306 | N 262 O~
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Where did/do the Upper and Lower
values come from ?

[14] Soil reaction (pH)--See 603.02-1 for Enter the high, low, and representative values of the
definition. appropriate estimated pH range for each horizon. The high
Enter the range of pH (1:1 water, except and low values must correspond with the class limits.
Histosols which are measured in
0.0IM CacCl2). Reaction Class Range in pH
Use the following classes: Ultra acid 1834
<3.5, .
35-4.4, Extremely acid 3.5-4.4
4.5-5.0, Very strongly acid 4.5-5.0
5155, Strongly acid 5.1-5.5
5.6-6.0, Moderately acid 5.6-6.0
6.1-6.5,
6.6-7.3, Slightly acid 6.1-6.5
7.4-7.8, Neutral 6.6-7.3
7-9-84; Slightly alkaline 7.4-7.8
8.5-9.0, Moderately alkaline 7.9-8.4
>9.0, or
a combination of classes, e.g., 4.5-5.5. Strongly alkaline 8.>-3.0
Very strongly alkaline 9.1-11.0

Source: U.S. Department of Agriculture, Natural Resources Conservation Service.
National soil survey handbook, title 430-VI. Available online at
http://soils.usda.gov/technical/handbook/. Accessed [09/24/2012].

Source: NSH, 1984
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Laboratory Measured vs. NASIS

Laboratory Measured -ES Observations
Lower Limits (LL) Representative Values (RV) Upper Limits (UL)

Soil Series  Min 0.5 Mean 99.5 Max Min 0.5 Mean 99.5 Max Min 0.5 Mean 99.5 Max Min 0.5 Mean 99.5 Max Laboratory NASIS
Amarillo 58 6.1 |79 89 9.0| 66 66| 74 |79 79| 70 70 7.8 83 83 |73 73|83 9.0 9.0 383 315
Barnes 57 5.7 |78| 91 91| 56 56| 69 |74 79] 65 67 74 82 82 |73 73 ]8.1 84 84 167 3697
Blount
Clarion 50 5.1 |68| 83 84| 56 56| 62 |76 76| 65 65 69 79 79 |73 73|77 |84 84 384 645
Drummer 55 56 |73) 85 86| 56 56| 61 |79 79| 60 60 7.0 82 82 |73 73|79 8.4 8.4 350 416
Harney 54 54 |74) 88 88| 56 56| 64 |74 74| 67 67 73 79 79 |78 7.8 |82 84 8.4 255 662
HustonBlack | 7.1 7.1 |80 86 86| 74 7.4 74 |74 74| 79 79 79 79 79 |84 84 |84 |84 8.4 110 217
Ipava 50 5.1 |63| 82 83| 56 56| 59 |74 7.4 58 58 68 82 82 |65 66|77 8.4 84 761 230
Olton 57 57 |79) 85 85| 66 66| 74 |79 79| 67 68 7.7 83 83 |73 73|80 8.4 8.4 56 241
Pewamo 58 58 |72 83 83]| 56 56| 64 |79 79| 63 63 71 82 82 |70 70|78 8.4 8.4 119 429
Pullman 59 59 |78) 85 85| 66 66| 74 |79 79| 70 70 7.7 83 83 |73 73|81 8.4 8.4 92 180
Richfield 57 58 |81 91 9.1)] 6.1 6.1) 70 |82 83| 67 69 7.7 90 90 |69 74|83 9.0 9.0 240 305
Tarrant 76 76 |76\ 7.7 77) 74 74) 74 |74 7.4 79 79 79 79 79 |84 84 |84 |84 84| 4(1pedon) 174
Tifton 45 45 |50 6.0 60| 40 40| 45 |51 51) 48 48 52 62 6.2 |55 55 )58 73 73 98 760
Ulysses 6.6 6.6 |81) 89 89| 66 66| 73 |79 79| 70 70 7.8 86 86 |73 73|82 86 9.0 254 576
Valentine 58 58 |62 68 6.8] 51 56] 56 |6.6 79| 53 58 65 72 82 |73 73|73 7.8 8.4 20 1231
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NASIS UL/LL vs. Lab Max/Min for pH

NASIS vs. Laboratory Measured
Lower Limits vs Lab_Min

Lower Limits vs Lab_0.5%

Lower Limits_0.5% vs Lab_0.5%
Upper Limits vs Lab_Max

Upper Limits vs Lab_95.5%

Upper Limits_95.5% vs Lab_95.5%

Mean R2

6.6
6.6
6.0
7.9
7.9
8.4

0.51 0.62
0.54 0.60
0.80 0.40
0.72 0.36
0.73 0.34
0.80 0.19

RMSE

Equation
ASIS LL=2.1+0.8*Lab_Min
ASIS LL=1.9 + 0.8*Lab_0.5%
ASIS_0.5% =0.25 + 0.99*Lab_0.5%
ASIS_UL =2.6 + 0.6*Lab_Max
ASIS_UL=2.5+0.6%Lab_95.5%
ASIS_95.5% = 4.8 + 0.42*Lab_95.5%
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Class vs. Confidence Limits
pH example

LabData_Sites_Intersect_Mu _id - Di i | . .
~ [14] Soil reaction (pH)--See 603.02-1
4|~ Distributions - H
A= SSURGO pH 1:AWLL |4 = SSURGO pH 1:1WRV |4 = SSURGO pH 1:1WUL |4/~ Measured pH 1:1W for deflnltlon '
o o o x Enter the range of pH (1:1 water, except
8.5 8.5 8.5 8.5 T - - -
i g g % g Histosols which are measured in
7s] 73] [ 0.0IM CaCl2).
74 7 74 7 .
} ] ] ] < .
65 65 [ 55 55 Use the following classes:
5__:| 5__ 5__ - 5__ <3 5
5.5 [ 5.5 . 5.5 5.5 T
i ik ik % 1|11 35-4.4,
45 45 45 45-] 4 5_5 0
——Normal(6.06569,0.58548)  ——Mormal(6.8098,0.53901) ——MNormal(7.66013,0.43273)  —Normal(6.88015,0.80909)  |= ' Y
£ Quantiles £ Quantiles £ Quantiles £ Quantiles 5 1-5_5’
100.0% maximum 74 100.0% maximum 79 100.0% maximum 84 100.0% maximum 87
99.5% 74 99.5% 7.9 99.5% 84 99.5% 87 56—60’
97.5% 74 97.5% 7.9 07 50 T 97.5% 8.1425
90.0% 6.6 90.0% 7.4 : z 90.0% 7.9 6.1-6.5
75.0% quartile 6.6 75.0% quartile T2 75.0% quartile 78 75.0% quartile 76 l !
50.0%  median 5.6 50.0%  median 6.7 50.0%  median 78 50.0%  median 7.05 6 6_7 3
25.0% quartile 56 25.0% quartile 6.5 25.0% quartile 7.3 25.0% quartile 6.2 b )
10.0% 5.6 10.0% 6.1 10.0% 73 10.0% 5.8
=% 2 | 2.5% 5.3 25% 73 2.5% 5.3575 74 781
== T 0.5% 5.3 0.5% 6 0.5% 48315
0.0% minimum 45 0.0% minimum 53 0.0% minimum B 0.0% minimum 48 7-9_8-41
4 Moments 4 Moments 4 Moments < Moments 8 5_9 0
fean 5.065685p  [Wean 5.60050%5 [Mean 7.66013094 [ Mean 5.8801527 ' e
Std Dev 0.5854793 Std Dev 0.5390051 Std Dev 04327325 Std Dev 0.3090852 >9 O or
Std Err Mean 0.0334696 Std Err Mean 0.0308129 Std Err Mean 0.0247377 Std Err Mean 0.0499856 ]

I . .
Upper 95% Mean 6.1315459 Upper 95% Mean 6.8704362 Upper 95% Mean 7.7088087 Upper 95% Mean 6.9785791 a Comblnatlon of Classes’ e.g.’ 4.5_5.5.

Lower 95% Mean 5.9998247 Lower 95% Mean 6.7491708 Lower 95% Mean 7.6114525 Lower 95% Mean 6.7817262
N 306 N 306 N 306 N 262

~H O
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Class vs. Confidence Limits
pH example

RV/Pedon

(Mean of the LL)

(Mean/Median of the UL)

(Lowest/Median _
2.59 .59 L
of the LL) 5% 97.5% (Highest of the UL)
_J-/r - 2 St|Dev. + 2 St.De). ™
I I I | | —
5.6/5.3 6.1 6.8/6.9 7.7/7.8 8.4/8.5
68.2%
95.4%

99.7%
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SSURGO_RV _Cla
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SSURGO RV Clay vs. Measured Clay

A O
o O
| |

SSURGO_RV_Clay = 3.9 + 0.7*Measured_Clay

R2=0.72

RMSE =5.3

Mean of Response = 23.5
Observations 281 A -

Surface Horizons
. RV Pedons
Al

Ap
Apl

’ Ap/Btp
AB
Ap/BA
Ap/AB
Al

A3

Measured_Clay

: No name




Class vs. Confidence Limits
Clay example

4= CLAY DISTRIBUTION
4= SSURGO_Clay_LL

4/~ SSURGO_Clay_RV

4= SSURGO_Clay_UL

70 704 70+

G0 ED—] ED—] _
504 - 50 - 50+

40 40 - 40 -
30+ 30+ 30+ ]

g 1 1 L

20+ 20+ [ 20 1
104 [ 104 10 -

0 0 - 0
—Normal{18.8725,10.3408) —Normal{23.8261,10.2091) —Mormal(28.1275,10.5935)
4 Quantiles 4 Quantiles £ Quantiles

100.0% maximum 50 100.0% maximum 55 100.0% maximum 60
99.5% 50 99 5% 55 99.5% 50
97.5% 50 97.5% 55 | 97 5% {1 |
90.0% 273 90.0% 4 90.0% 40
75.0% quartile 22 75.0% quartile 25 75.0% quartile 27
50.0% median 18 50.0% median 23 50.0% median 27
25.0% quartile 10 25.0% quartile 18.25 25.0% quartile 24
10.0% 10 10.0% 14 10.0% 18
B 5% | 25% 55 25% g
0.5% 0 0.5% 3 0.5% 6
0.0%  minimum 0 0.0%  minimum 3 0.0%  minimum 7]
A Moments 4 Moments 4 Moments

[Tean Teo/2oge  [WMean Zoozotps  [Tean zﬁm
sid Dev 10340756 std Dev 1020813 S1d Dev T0.549

Std Err Mean 0.5911417 Std Err Mean 0.5836171 Std Err Mean 0.6055923
Upper 95% Mean 20.035781 Upper 95% Mean 24 974569 Upper 95% Mean 29319118
Lower 85% Mean 17.709317 Lower 85% Mean 22677718 Lower 95% Mean 26935783
I 306 I 306 | 306

£ =IMeasured_Clay

70 -
60 :.
50 i
40
304 [
204
10+
04
—Normal{25.2292,11.0323)
4 Quantiles
100.0% maximum 70.2
99.5% 67.945
97.5% 57.085
90.0% 3726
75.0% quartile 2975
50.0% median 247
25.0% quartile 18.55
10.0% 12.34
25% 5.16
0.5% 2.582
0.0%  minimum 25
A Moments
Mean iRl R E
Std Dev 11.032345
=id B Mean U.B281340
Upper 95% Mean 26.524701
Lower 85% Mean 23.933662
I 281

28 O

m

USDA

i

\

NRGS

Natural Resources Conservation Service
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Class vs. Confidence Limits
Clay example

RV/Pedon

(Median/Mean of
the LL)

(Median/Mean of the UL)

(Lowest of the LL) , o, 97.5% (Highest of the UL)

_J-/r - 2 St|Dev. + 2 St.De}. ™
l ] | | o

3/3 18/19 24/25 27/28 60/47

68.2%
95.4%
99.7%




ST

Natural Resources Conservation Service

Soil Legacy Data

- - ;
1 sm“ awaaIGNED TO. WCUW-LE 15 UNDER Eﬂh‘f"FHE Hza;a-r DAY,
MANAGE OUR LEGACY ' THE WALKWAY, MY SIDE g FTER YOU EAT ONE
SYSTEMS. THE DRESS - JOB IS SCARING vmtaoa, WORD GETS
CODE 15 “TROLL." VENDORS. 5 AROUND.
15 _
THAT % )
HARD?

A
123708 =200 5con
=
-~
vr
-

A —
= -

MY NEW ASSIGNMENT T GUESS T SHOULDN'T WOULD A
1S "TROLL IN CHARGE COMPLATIN. I™ LUCKY | FREE BAG OF
OF THE LEGACY 40iL TO HAVE A JOB IN g GARBAGE
O atTh SYSTEMS.” THIS ECONOMY. E MAKE YOU A
Lot fndand 5 FEEL BETTER? LITTLE
P E il { 15 ks
| it
- I

Source: Dilbert by Scott Adams at dilbert.com
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Chasing the Errors/Uncertainty

e Possible sources of Errors/Uncertainty:

— Analytical methods (precision estimates):
e Between Laboratories Reproducibility (R);

e Within Laboratory:
— Reproducibility (R));
— Repeatability (r).

— Pedotransfer Functions (ptf);

— Database Transactions;

— Pedon Accuracy Locations (PLS vs GPS);
— Other sources (ongoing).




A point having a given latitude and longitude in QSDA NRCS
NAD27 may be displaced on the order of many

tens of meters from another point having the

identical latitude and longitude in NAD83

ural Resources Conservation Service

No DatLLm 36 pedons T i

- , ..+-80 sheus [TTTI TR T

: NAD 27 -9 rﬁ"edons o R
 NADB83- 05 A -3 [ 308
o WGS 19842 N A
""‘." ."._' :':l'“‘l? "':* : e _‘. r{ ﬁ? ,-" i ::
Datum Shift Between Y ) *’\ |

NAD 27 and NAD 83 (Meter) | " 7 PranN oy
: - —r % - ST S

Conversion from NAD27 to NAD83 does not
affect vertical data; any conversion needs only
be concerned with the horizontal positioning
of the data
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Pedon Accuracy Locations

Legend
@ GPS_PLS_UTM_10
soilmu_a_ca069

Depth to Any Soil Restrictive Layer |
DCP, <}, [cm]

!
v
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A

Soil Legacy Data

e Due to many vintages the current SSURGO inherits many
consistencies;

e Can we asses in a meaningful manner the impact of
inconsistencies on uncertainty error prediction and
confidence limits?

I™ PROMOTING YOU I WE MISSED ANOTHER

FROM LEGACY SYSTEMS DEADLINE. ALL IN

TROLL TO SCAPEGOAT. FAVOR OF SLAPPING
THE GOAT. .,

Source: Dilbert by Scott Adams at dilbert.com
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So, Let’s Talk

SLAP LIPSTICK ON THE

PIG, PUT A STAKE IN WAILT. . .

THE GROUND, AND VIEW gf_g"ég'r&}r AND WHY
1T FROM 30,000 FEET, Lty  DoTeEer
THAT HIRING UNDERPAID?
DELIVERABLE IS Your [

ACTIONABLE.

|

B -JE-2 o302 Sool Ao, INe. T iy Lk Lo

ilben com  DilbeftCanoonisifgmail com

Source: Dilbert by Scott Adams at dilbert.com



Indiana online Soil Surveys

Wweb Soil Survey (rmore... )

Indiana Major Land Resource Areas

Soil Data Mart

Major Land Resource Area Map Tool

State Soil Geographic Database (STATSGO)

Geospatial Data Gateway Indiana STATSGED (map'

STATSGO-Download

MLEA Project Offices

) Soil Data Yiewer (Wersion 5.2)
o Indiana Resource Soil Scientist (map)

State Sails

world Soil Resources
| Official Soil Series Descriptions (O5D)

Indiana University Spatial Data Server

Information for Soil Scientists

Mational Soil Survey Laboratory

Inforrmation For Teachers and Students

Indians Correlstion Amendments

Indiana Correlation Docurnents

Indiana Highly Erodible Land (HEL)

Indiana Hydric Soils List

NRCE Soils Soil Science Society of America

Indiana Registry of Soil Scientists ‘&

Mational Sail Survey Handbook

\
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Natural Resources Conservation Service

On-Line sources
for Soil Data
available to the
general public

46
http://www.in.nrcs.usda.gov/mlrall/soils.html




Published Soil Survey (paper copy, or on-line pdf format)

http://www.nrcs.usda.gov/

# 7 Matural Resources Conservation Service - Microsoft Internet Explorer provided by Purdue Agro..

D= X
File Edit Mjew Favorites Tools  Help a.\
@Eack - -\‘_.;l @ @ :qj pSearch “-E__\n?Favnrites @ D’ifzv :;,.. < l_J ﬂ -'3

Address |@ hikkpe: f e, mircs, Dsda,gov]

v B e ks
Goc glﬁ M -"' Seatch = 4¢ @ E li* ﬁ Bookmarks= | ¥ % E l._:_.l SignIn -
L2 <Al

k“ Search Wweb - _547 * {é} Anti-Spy @ |
United States Department of Agriculture . -
0 NRC Natural Resources
</ Conservation Service

MRLCS Home | About Us | MNews | Programs | Technical Resources

Partnerships Features | Contact U=

Search

All HRCS Sites | w

Enter Keymwards m

Information For:
Helping People Help the Land...

F Cormmunities

P —— Dhuhlin CMammant Dariad

& Internet
_ \‘_'J

L L= e | g

|@ hittp: /e, in. necs. usda. gov| M G0
http://www.in.nrcs.usda.gov/ . ] Woewen -4 & - @
YT - ¢

QS%NRCS | =

Natural Resources Conservation Service

¥ Farmers and Ranchers
vl

47
http://www.in.nrcs.usda.gov/mlrall/soils.html



http://www.in.nrcs.usda.gov/mirall/soils.html

Indiana Online Soil Surveys

Spatial and Tabular Soil

Indiana Major Land Resource Areas Data
Soil Data Mart

Major Land Resource Area Map Toal

State Soil Geographic Database (STATSGO)

} United States Department of Agriculture 5 ! ! E
Geospatial Data Gateway Indisna STATSGO (map) N RC Natural Resources
Conservation Service

ETATSGO-Download Select State State Contacts Template Databases SSURGO Metadata Status Map

eral 5

Logon /Register Help

MLRA Project Offices Welcome to the Soil Data Mart! The Soil Drata Mart allows you tao:
Soil Data Viewer (Version 5.2)

® Determine where soil tabular and spatial data is available,

Download data for one soil survey area at a time, (Download requests for rmore than one survey area at a
time can be submitted through the Geospatial Data Gateway, Going through the Geospatial Data Gateway

e H alsa prowvides the option to obtain data on CD or DVD.)

Cownload a template Microsoft Access® database for working with downloaded data,

Generate a variety of reports for ane soil survey area at a time,

Find out who to contact for infarmation about sail data for a particular state.

"Subscribe" or "unsubscribe" to a sail survey area, A person who is subscribed will automatically be notified
whenewver data for that sail survey area is updated, You rmust register and login befare doing this.

Indiana Resource Soil Scientist (rmap)

State Soils

World Soil Resources : ] ; ; : ; : :
Official Soil Series Descriptions (OS0} An alternative presentation of the sail survey ares dats contained in the Soil Data Mart, including on screen or

ptinted zail maps and survey area manuscripts, when they exist for the corresponding survey area, is available
through Web Sail Survey,

Before vou start, see Soil Dats Mart - Purpose and Procedures (2579x), il

Pleasze either select from the list of options across the top of the page, or to request 2 download or generate
Information for Soil Scientists reports, begin by selecting a state or territ

Indiana University Spatial Data Server

MWational Soil Survey Laboratory Select State

Information For Teachers and Students

Indiana Correlation Amendrments S [ ] I D t M t
Indiana Correlation Docurnents o I a a a r

Indiana Highly Eradible Land (HEL)

Indians eFoTe http://soildatamart.nrcs.usda.gov/

Indiana Hydric Sails List

Soil Science Society of America

MRCS Sails

Indiana Reqistry of Soil Scientists ! 48

Mational Soil Survey Handbook




& sSoil Data Access - Query - Mozilla Firefox

Eile

@ - c (el I ﬂ 'http:h’sdmdataaccess.nrcs.usda.gow’Query.aspx

Wiew  History  Bookmarks  Tools  Help

[Ei Mosk Wisiked " Getting Starked 2 | Latest Headlines

[

Subrmit your own SQL or $S3L Data Shaping query to retrieve data from the Sail Data Mart, You can choose tao
view the results of the query irmmediately or, for larger valurnes of data, you can choose to subrmit the query
to be queued and run in background. Information about the queries that may be run, including rules and
sample queries, can be found on the Query Help page.

If you choose to view the results immediately, they will be displaved in a separate browser window, In order to
view the results, popup blocking must be disabled. The SDMTabularService.RunQuery web method is used to
run the query, therefore this is a good place to test any queries that you would like to use with that web
methad, Further infarmation iz available on the Web Service Help page.

If you choose to submit the query to be queued and run in background, the results will be packaged either
one gquery result set per text file if the Text option was selected ar into a single XML file if the “ML option was
zelacted, with all filas then placed in 3 WinZip® archive (see the Downloads secion of the Help page if you
need rmore inforrmation about archives), You will be notified via e-rmail when the results are ready to be
downloaded, and that e-mail will include an FTP link for retrieving the data you requested.

For imrmediate queries, the tirmeout iz 20 seconds and no more than 10,000 record:s can be returned to 2
browser, Irmmediate requests that can complete within 30 seconds but return more than 10,000 records must
be submitted as a queued request. For queued queries, the timeout is 10 minutes and there is no enfarced
limit to the number of recards that can be returned.

Please enter your SQL query:
SELECT mapunit.mukeyw, legend.areaname, mapunit.musyrm, MapunitmMUname, camponent.compnanme,
component.comppct r, chorizenhzname, chorizan.hzdept r. chorizon.hzdepb v chorizan.caco3_r FROM (legend INMER
J2IM (mapunit INMER JOIN component @M mapunitmukey =

MHER JOIM chorizon ON companent.cokey = chorizon.cokey
ncaco3_r = 0 and compone

companent, bmponent.comppct r <, chorizan.hzdept r. chorizon.cace3_rn;

Plezase zelect the time frame and format in which you would like to s2e the results:

O Imrediate / BML (same format returned in the SDMTabularService.RunGuery web method respaonse)
& Immediate !/ HTML (results dizplayed in tables for easier viewing)

Q Queued / ML

O Queued f Text

First row contains column names Field Delimiter: | = 5| BEa |

Text Delimiter: | ] Hiote |

Submit Clueny

w
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County Fip Code can
be changed. This
query generates
Representative
values (RV) for
depth to
Carbonates for the
soil series mapped
in Howard county,
Indiana.

49
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Geospatial Data Gateway

http://datagateway.nrcs.usda.gov/

+ Service Center Inibatwve +

Gt/

IE'et Data Login Logout News

| _|_ + Natural Resources Conservation Service +
+ Farm Service Agency +

+ Rural Development +
the one stop source of

natural resources data

ata at any
The Gateway
Fint

narrmally

_|_

Mon-Discrimination Statement Privacy Policy Disclaimer Data Distribution Policy
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Soil Laboratory Characterization Data ot st Corsrain e
http://ssldata.nrcs.usda.gov/

& 7NSSC SSL Seil Characterization Data - Microsoft Internet Explorer provided by Pur... u@ﬁ
File Edit ‘Wwiew Fawvorites Tools  Help ﬂ.

»»

eﬁack - \._.JI @ @ \-:;j ﬁﬁearch %Favurites @' B' :; T \_pJ

Address |@ http: fissldata, nrcs, usda, gov) &I Go  Links
Google w | search ~ v 2 ~ G- | P €4+ (signin -

3' Y_f I é-—?"| M| searchweb » &7 [+ .ﬁ.nti-Spy P *»

United States Department of Agriculture

Natural Resources NSSC Soil Survey Laboratory
\; N RC Conservation Service Soil Characterization Database

Home Data Usage User Manual Characterization Data FAQ'S Lirnks

B Data Usage and

Citation Welcome
» Disclaimer Welcome to the NSSC Soil Survey Laboratory
How Tao: FReport

Research Database. This application allows users

Generation e ) o
b How To: Downlosd 3 to generate, print and download reports containing
Crata LiH soil characterization data stored and rmaintained by
B Characterization the NSSC Soil Survey Laboratory, Data can also
Data be downloaded in commma delimited text files for
F S5L Methods in oth licati
Manual use in other applications. M

1111 ] [l]

& Internet

51
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Natural Resources Conservation Service

File Edit ‘iew Favorites Tools  Help

£7TNSSC SSL Query Page - Microsoft Internet Explorer provided by Purdue Agronomy g@

@Back - @ - @ @ _h ..;'_j Search “E':‘:S’Famrites @ [/r_q{' :.!.. v _J ﬂ ﬁ

Address |@ htkp: ffesldata.nros . usda. gov/quervpage. asp M G0 Links
Go glE M -" Search =4+ 52 - I:?* <% EBookmarks= % = Sign In =
S X! - £'| k” Searchweb = &/ [~ #* anti-spy (@ | >

(]

w NSSC Soil Survey Laboratory Soil Characterization Data Query Interface

[ Clear All Search Criteria ]

[] =eek Site Area Selection

Country State Admin Div County
Lnited States (LIS 1R% W W

[] Lab Pedon Mumber

[] user Pedan ID

[] soil series I !I

correlated [ Execute Query ][ Return ]

field Samples Advanced Query Page * M
<] as SSL | (2]
@ Done ﬁ Inkernet
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