Quality Assurance &
Quality Control




IEEIC References

e Primary Reference

— Michener and Brunt (2000) Ecological Data: Design, Management
and Processing. Blackwell Science.

e Edwards (2000), “Data Quality Assurance™

e Brunt (2000) Ch. 2, “Data Management Principles,
Implementation, and Administration™

= Michener (2000) Ch. 7: “Transforming Data into Information and
Knowledge”™




e Define QA/QC
e QC procedures

— Designing data sheets
— Data entry using validation rules, filters, lookup tables

e QA procedures
— Graphics and Statistics

— Qutlier detection
e Samples
e Simple linear regression

e Archiving data




e “mechanisms [that] are designed to prevent
the introduction of errors into a data set, a
process known as data contamination”

Brunt 2000




- Commission: Incorrect or inaccurate data are entered
into a dataset

- Can be easy to find

- Malfunctioning instrumentation
Sensor drift

Low batteries

Damage

Animal mischief

- Data entry errors

- Omission: Data or metadata are not recorded
- Difficult or impaossible to find

- Inadequate documentation of data values, sampling
methods, anomalies in field, human errors




BEEI Quality Control

e “mechanisms that are applied in advance,
with a priori knowledge to ‘control’ data
quality during the data acquisition process”

Brunt 2000




SEEI Quality Assurance

e “mechanisms [that] can be applied after the
data have been collected and entered in a
computer to identify errors of omission and
commission”

— graphics
— statistics

Brunt 2000




=EBic OA/QC Activities

e Defining and enforcing standards for formats,
codes, measurement units and metadata.

e Checking for unusual or unreasonable
patterns in data.

e Checking for comparability of values between
data sets.

Brunt 2000




SEEIC Outline:

e QC procedures
— Designing data sheets




Flowering Plant Phenology -
Data Collection Form Design

e Three sites, each with 3 transects

e On each transect, every species will
have its phenological class recorded

Deep Well Five Points Goat Draw




Data Collection Form Development:

What's wrong with this data sheet?

Plant Life Stage




PHENOLOGY DATA SHEET
Collectors:

Date:

Transect: 1 2 3

Time:
Location: deep well, five points, goat draw

Notes:

Plant Life Stage

ardi PGV B FL FR M S D NP

arpu P/IG VB FL FR M S D NP

atca P/IG VB FL FR M S D NP

bamu PGV B FL FR M S D NP

zigr PGV B FL FR M S D NP
PG VB FL FR M S D NP
P/IG V B FL FR M S D NP

P/G = perennating or germinating M = dispersing

V = vegetating
B = budding
FL = flowering
FR = fruiting

S = senescing
D = dead
NP = not present



PHENOLOGY DATA ENTRY

Collectors |Mike Friggens
Date: |16 May 1998 Time: |13:12
Location:|Deep Well
Transect:| 1
Notes: Cloudy day, 3 gopher burrows on transect
ardi P/G Vv B FL FR NP
N N| LY N N N
arpu P/G Vv B FL FR NP
N N N| LY N N
asbr P/G Vv B FL FR NP
N N| LY N N N
deob  P/G Vv B FL FR NP
N N N N N




IEEI¢ Outline:

e QC procedures

— Data entry using validation rules, filters and
lookup tables




=EEK VValidation Rules:

e Control the values that a user can enter
iInto a field




LN Validation Rule
SgE Examples in Access:
e >=10

e Between 0 and 100
e Between #1/1/70# and Date()




=K

Validation rules in MS Access:.
Enter in Table Design View

Microsoft Access - [DataTable : Table] =1alx]
"B Fle Edt View Insert Tools ‘Window Help Type aquestion forhelp (=2 @ X
- HR 2Ry mB|o ot e e gNBa- D,
Field Mame | DataType | Description |a
% [1D AutoNumber
| |Date Text
[ |site Text
| [Species Text
e Number
| =]
Field Properties
General | Lookup I
Field Size Long Inkeger
Farmat
Decimal Places Auto
Input Mask
Caption An expression that limits the
Defaulk Value values that can be entered in
Yalidation Rule ol the figld, Press F1 for help
Yalidation T Please enter a cover valus between 0 and 100, o ualidation rules.
Required Bl
Indexed No
Diesign view, F6 = Switch panes. F1¥ Help. S

Y

>=(0 and

<= 100

Ha SRV i2e | @i Yey awxoa 2

e

=0l x|

“EE Fle Edt Wew Insert Format Records Tools  Window  Help -8 X
ID | Date | Site |  Species | Zower

7| 11121372004 Cerro Mantosa ACMA

*|  (AutoMurnber)

Microsoft Access

Record: HI‘” 1 FIHIHEI of 1

Datasheet Yiew

X

Flease enter a cover value between 0 and 100,




=SEBIKC Look-up Fields

e Display a list of values from which entry
can be selected




Look-up Tables in MS Access:
Enter in Table Design View

EJ Microsoft Access - [DataTable : Table] =10 5'
“E Fle Edt view Insert Tools  Window  Help Type a question for help (= o @ X

H-H8 SR |t meo-c-|8 2 g A
Field hame | DataType | Description \ﬂ
(s Autohumber
D.ata Text
T I Microsoft Access - [DataTable : Table] -10O] |
M- EHR(ERY 2R (@ (U YET dx B
“E Fle Edt ‘iew Insert Format Records Took  Window  Help -8 X

D | Date | Site | Species
(Autohumber)

Deep Well
Cerro Montosa
Fio Salado
Black Butte

EEEEEEEEEEEEEE NN NN EEEEE

Fisld By ties

General
Combo Box

Walue List

"Deep Well","Cerro Montosa";"Ria Salada”;"Black B

Raow Source
Bound Column The data type

1
Calumn Count 1 determines the: kind
Column Heads nu off e (7 Record: HI 1 || 1k |H IH!-I of 1
- 1 users can store in
1

&

. Ein on data Datasheet View

Lirnit Ta List Mo

Design wigw, F& = Switch panes. F1 = Help. v




SEEIC Macros

e \Validate data based on conditional
statements




to make sure that a value for vegetation cover is entered
ecord. To do this, create a macro called “NoData” that
examine the contents of the cover field whenever the field is

exited.

Microzoft Access - [Vegetation_data)

|E File Edt Wew Insert Format Records Tools Window Help
J = | M3 Sans Serif =ll: =

| Observation_M =

b

Date |
Location | =1

Flant_Species | E@/ >

Obzervation_Number | [&wtal umber)




LR T

AET .-Ii‘:_. Ergl = :_. ..........

Ishulli[Forms]![Wegetation_data]![ Cover]) MegBio %T -

|~ |

.........

This is what the “NoData” Macro looks like.

'PTTTTTTTTTTTTTTTTTTTTT

Please Enter Cover Datal
Yes
Mane




Form Header

& Text Box: Cover

Formak | [Caka Event ||:I:|t|-..3r| all I
Before Update . . .. ... ... |

After Update . .. ........

onChamge . e

onEnter o

| MaoData

Farm Fooker SR RS

- Toolbox B4

Attach the macro to the “On Exit Event” in the Text
Box: Cover Properties Window

o of funckion thak runs bef




File Edit Yiew Insert Format Records Tools Window Help

+ | M3 Sans Serif - |3 -

Flant_Species_Code |

—

Obzervation_MNumber |

Cover

BZU|SE==|d- A2 - =-.
Cover - - = - - y
by
7| Date [12/17/67 |
Location |Grassland -
Plot |1

e

Microsoft Access E

Pleaze Enter Cover Datal

| o T

IJlJl - hlLIlh*lnF"'}

= -..-'; .



Other methods for preventing
data contamination

e Double-keying of data by independent data
entry technicians followed by computer
verification for agreement

e Use text-to-speech program to read data
back
e Filters for “lllegal” data

— Statistical/database/spreadsheet programs
e Legal range of values
e Sanity checks

Edwards 2000




Flow of Information in Filtering “lllegal” Data

Table of

Possible

Values
and Ranges

[ &

Raw
Data
File

—>\

lllegal
Data
Filter

Report of
Probable
Errors

/_

Edwards 2000



Tree Growth Data

Tree_ID

Cover
(%)

DBH_1998
(cm)

(cm)

DBH_1999

43

300

|9

231

300

(¢]

46

530

109

200

300

200
400
480

A filter written in SAS

Data Checkum; Set tree;

Message=repeat(“ ”,39);

If cover<O or cover>100 then do; message="cover is not in the interval
[0,100]”; output; end;

If dbh_1998>dbh 1999 then do; message=“dbh_1998 is larger than

dbh 1999”; output; end;
If message NE repeat(* ”, 39);

Keep ID message;

Proc Print Data=Checkum;

Error report

Obs

A W N

ID
a
b

C

message

dbh_1998 is larger than dbh_1999
cover is not in the interval [0,100]
dbh_1998 is larger than dbh_1999

cover is not in the interval [0,100]




Spreadsheet column statistics:
Peromyscus truel example

K

id# mass body tail foot

1 225 810 856 230

2 250 810 90.0 230

3 210 760 800 220

4 260 860 902 220

5 236 1010 920 225

6 220 860 870 230

7 230 940 830 230

8 230 890 820 220

9 300 99 910 230

10 281 97.0 100.0 23.0

11 220 960 810 240

12 250 980 91.0 230

13 290 970 1020 220

14 510 750 900 215

15 230 813 89.0 210

16 290 850 880 230

17 330 890 843 210

18 670 900 850 220

19 210 862 870 24.0

20 250 780 917 225

21 320 800 900 220

mean 286 836 886 225
median 250 86.0 89.0 225
standard deviation 11.0 185 55 0.8
variance 120.7 3439 30.2 0.7
minimum 21.0 99 800 21.0

maximum 67.0 101.0 1020 24.0



Spreadsheet range
checks

id# mass body tail foot rangecheck mass

K

1 225 8L0 856 2300 o =if(mass>50,1,0)
2 250 810 900 23.00 0
3 210 76.0 800 22.00 0
4 260 86.0 90.2 22.00 0
5 236 101.0 920 2250 0
6 220 86.0 87.0 2300 0
7 230 940 830 23.00 0
8 230 890 820 2200 0
9 300 99 910 2350 0
10 281 97.0 100.0 23.00 0
11 220 96.0 81.0 24.00 0
12 250 980 91.0 23.00 0
13 290 970 102.0 22.00 0
14 510 750 90.0 21.50 1
15 230 813 89.0 21.00 0
16 290 850 88.0 2300 0
17 330 89.0 843 21.00 0
18 670 900 850 22.00 1
19 210 86.2 870 24.00 0
20 250 780 917 2250 0
21 320 80.0 90.0 22.00 0
mean 286 836 886 2252
median 250 86.0 89.0 2250
standard deviation 11.0 185 55 084
variance 120.7 3438 30.2 071
minimum 21.0 99 800 21.00

maximum 67.0 101.0 102.0 24.00



e QA procedures

— Graphics and Statistics to find:
e Unusual patterns
e Quitliers




tifying Sensor Errors: Comparison of data
from three Met stations, Sevilleta LTER

Day of the Year

41 = = 42 T 48

= SAS: Graph (L
Sevilleta Air Temperaturs
204
T ]
=20
M 4
F
&
rowpd W)
a i [ |
t :
u ]
r ]
=] 0 : =
r;:: ]
_-||:|_'
| IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII |
280 281 282 283 284 L 206 287 288




ﬁfication of Sensor Errors: Comparison of
data from three Met stations, Sevilleta LTER

= SAS: Graph g -
=avilleta Wind

10 ]
W g3
[ ]
h B ‘
d 3 '

i
5 67 ' | -
F E 1 | i
2 ) 11 (s 1 Ty
é 4 - i ) h ._-" :

3 é 1 --':I : L-I I lﬂ I-I:|-": . I:I'.\I-_.-'i: : :l i' I
;2] | *( VA A
= 1 | t
a1 | |
L |:| ] ! .-"

I IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII I IIIIIIIII | IIIIIIIII | IIIIIIIII | IIIIIIIII |
280 281 282 253 284 ) 267 288
Day of the Year
STA o 41 42 43




EEIK Metadata for ‘bad’ data

Variable 9* Name: Average Wind Speed
* Label: Avg Windspeed

* Definition: Average wind speed during the
hourat3 m

* Units of Measure: meters/second

* Precision of Measurements: .11 m/s
* Range or List of Values: 0-50

* Data Type: Real

* Column Format: #.###

* Field Position: Columns 51-58

* Missing Data Code: -999 (bad) -888 (not
measured)




Flagging Data Values oE|

Microsoft Excel - WNDCENO1

™ E‘_W File Edit ‘“iew Insert Format  Tools  Data  Window  Help  Adobe POF Type aquestion for help = o &

NG 3O IRIVE L BS9S] EE S @ @i -3 A- -

x [E3

=
L3 - 2
| ~ [ B [ ¢ [ D | E | F [ 6 | H [ ¢ | J [ KZF
) Andrews Experimental Forest LTER: HJA data domain details M5001 - Mozilla Firefox EJE|E| fir1 Wmdmag L&, winddir Faedd
File Edit Wew Go Bookmarks Tools  Help gg ;gi?
<:I| - I_IL,' - l@ E/]\J || htkp:ffewsee, Fsloorst, eduflterfdatafdomains, cfmPdomain=enu @ Go @, DB 1893
|| Customize Links | | Free Hotmail | | Windows Marketplace L Windows Media | | Windows DB 191 ?
- 0.4 186.9
0.7 137
A HJ Andrews Experimental Foresf 07 T
» _—;_&’ -_Leong Term Ecological Research 0.4 165.9
S 0.4 180.2
What's New  Links Opportunities LTERS [ [ 0.4 199
B 0.3 161.5
Andrews hame page > Data = Data Catalog > Research Categaries 0.1 A0 9
S Mso01 0.3 174.9
Land 0.1 £4.3
MEICLUE Attribute: FW1 hd ¥ ¥
Partnership
Data de d inti M h h
Data code escription I I I
Catalog Zood value I I ¥
Research E Estimated value ¥ ¥ ¥
c";‘;";::::w = Sensor most likely frozen (values are questionable) M M M
Carbon & M Missing I I I
s Q Questionable 03 106.3
Climate S Daily value based on sunrise to sunrise . :
Disturbance |:| 1 BDB
Ecophysiolog |:| . B ?D . 5
Hydrology FOF Sy LTER
Soils Ués usu @ 0. 1421 he
Stream & o Oregon State v > |
Forest
q\r‘:??t:?? Home Top of Page Website Map Contacts Addresses Disclaimers Credits
Done




=SEEIK Outliers

e An outlier is “an unusually extreme value for a
variable, given the statistical model in use”

e The goal of QA I1s NOT to eliminate outliers!
Rather, we wish to detect unusually extreme
values.

Edwards 20(?0




iIEEIK Outlier Detection

e “the detection of outliers iIs an intermediate
step in the elimination of [data]
contamination”

— Attempt to determine if contamination is
responsible and, if so, flag the contaminated value.

— If not, formally analyse with and without “outlier(s)”
and see If results differ. Or use robust statistical
methods.




Methods for Detecting
Outliers

= K

e Graphics
— Scatter plots
— Box plots
— Histograms
— Normal probabillity plots

e Formal statistical methods
— Grubbs’ test

Edwards 2000

e




X-Y scatter plots
of gopher tortoise
morphometrics

Michener 2000
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ﬁl( Box Plot Interpretation

2 IOR = Q(75%) — Q(25%)
Upper adjacent value = largest
— observation < (Q(75%) + (1.5 X
Inter- IQR))
quartile | < Lower adjacent value = smallest
range / observation > (Q(25%) - (1.5 X
= IQR))

Extreme outlier: > 3 X IQR

: / beyond upper or lower adjacent
O values




Box Plots Depicting Statistical Distribution of
Soil Temperature

40

gao'iiﬁi )
e ST |
§20 J[J[ J[ J[

[

[
!

o
— [ ] o-n_ﬂ— —lO_
d—

April 1997 == April 1998

Month



0.4

0.3

0.2

0.1

0.0

Normal density and Cumulative Distribution Functions

a. The Normal Frequency Curve

1.0

0.8

0.6

0.4

0.2

0.0

b. Cumulative Normal Curve Areas

Edwards 2000




Normal Plot of 30 Observations from a Normal Distribution

N
— ] O

| | | | |
-2 -1 0 1 2

Quantiles of Standard Normal Edwards 2000



Normal Plots from Non-normally Distributed Data

a. a right skewed distribution b. a left-truncated Normal distribution
o o o
(@] ™
- O ]
& S ]
i > i o0 ©
o o | [e®)
| @99 — &é)
& g »
1o o OM 2 4o o ooooommS®
-2 -1 0 1 2 -2 -1 0 1 2
Quantiles of Standard Normal Quantiles of Standard Normal
c. a heavy-tailed distribution d. a contaminated Normal distribution
o o g T (@)
<
—
o N
o — foXe)
C§j o MO
i S
M > o
) © A o®
(@)
@ -
(@)
< A o
o o~ 40
-2 -1 0 1 2 -2 -1 0 1 2
Quantiles of Standard Normal Quantiles of Standard Normal

Edwards 2000



L— L e

sieLLIStical tests for outliers assume that

the data are normally distributed....

CHECK THIS ASSUMPTION!




Grubbs’ test for outlier detection
IN a univariate data set:

T. = (Y, = Y. )/S

where Y/, Is the possible outlier,

Y4 IS the mean of the sample, and

S Is the standard deviation of the sample

Contamination exists If T, Is greater than T gy,

Grubbs, Frank (February 1969), Procedures for Detecting Outlying
Observations in Samples, Technometrics, Vol. 11, No. 1, pp. 1-21.




A7) Example of Grubbs’ test for outliers
SEBK ainfall in acre-feet from seeded
clouds (Simpson et al. 1975)

4.1 (.7 17.5 31.4
32.7 40.6 92.4 115.3
118.3 119.0 129.6 198.6
200.7 242.5 255.0 274.7
274.7 302.8 334.1 430.0
489.1 703.4 978.0

1656.0 1697.8 2745.6

Ty = 3.539 > 3.029; Contaminated
But Grubbs’ test is sensitive Edwards 2000

to non-normality...... Vs



15 20

10

Checking Assumptions on Rainfall Data

a. rainfall
0 500 1500 2500
rainfall
c. log10(rainfall)
0.5 15 2.5

log10(rainfall)

3.5

Skewed
distribution:
Grubbs’ Test g
detects .
contaminating
points

Normal
Distribution: =
Grubbs’ test £

detects no

“contamination

1500 2500

0 500

2.5 3.5

15

0.5

b. Normal plot

(0]
@)

o8]

o©O

I OOOM
T T T T

-2 -1 0 1

2

Quantiles of Standard Normal

d. Normal plot

-2 -1 0 1

2

Quantiles of Standard Normal

Edwards 2000



References about
outliers:

e Barnett, V. and Lewis, T.: 1994, Outliers in Statistical
Data, John Wiley & Sons, New York

e |glewicz, B. and Hoaglin, D. C.: 1993 How to Detect
and Handle Outliers, American Society for Quality
Control, Milwaukee, WI.

= EiK




Simple Linear Regression:
check for model-based......

== —_ K

e Qutliers
e |Influential (leverage) points




o i Influential points in simple linear
SEEK regression:

e A “leverage” point is a point with an
unusual regressor value that has more
weight in determining regression
coefficients than the other data values.

e An “outlier” Is an observation with a
response value that does not fit the X-Y
pattern found in the rest of the data.

Edwards 2000




Influential Data Points in a Simple Linear Regression

150

100

50

©)

leverage pt
O
outlier and
_ leverage pt
outlier
O
o
O
O
OOO
O
O
Q0
oOO
O
| | | | |
10 20 30 40 50

Edwards 2000



Influential Data Points in a Simple Linear Regression

leverageg’pt
o
Lr) —]
i
o
> 97
o _|
()
| | | | | |
0 10 20 30 40 50

X Edwards 2000



Influential Data Points in a Simple Linear Regression

50

outlier
O

30

40

50

Edwards 2000



Influential Data Points in a Simple Linear Regression

o
LO —]
i
S o
> outlier and
leverage pt
o _|
()
| | | | | |
0 10 20 30 40 50

X Edwards 2000



Brain weight vs. body weight, 63 species of terrestrial
mammals

brain weight (g)

1000 2000 3000 4000 5000

0

Leverage pts.

lephant

\

O
Asian Elephant

“Outliers”

2000

| |
4000 6000

body weight (kg)

Edwards 2000



Logged brain weight vs. logged body weight

o O
Elephants
™ © Man
O o
O
= 00 L®
£~ Chinchilla %0 77
=
© o
p. O .
S o 0o “Outliers”
S ©
(@)} O @ o
f! o o o
& 0©° /
O
o — O . .
mispunched point
@)
O
O © ©
O
— _]
! | | | | | | |
-2 -1 0 1 2 3 4

log10 body weight (kg) Edwards 2000



), Outliers in simple linear
regression

Observation
d 62

250 /

200 +

Phosphatase

50 ~

Beta-Glucosidase




ﬁ'( Outliers: identify using

studentized residuals
Contamination may exist If
L B

a = 0.01

Where r, is a studentized residual




n =86
t,,,83 =1.98

Outlier identification

The SAS System

KSimple linear regression:

s

14:12 Thursday, October 12, 2000

Dep Mar  Predict  5td Err Std Err | Student
Obs= PHOS Yalue Predict Reszidual Residual |Residual
43 82,3000 166,11 7,290 -8%3,1836 B2,045 -1,341
B 238.6 1649,2 7,114  E9,424E B2, 0BE 1,119
51 215,1 179.5 6,765 35,6463 B2,100 0574
52 166, 8 136,0 10,206 30,8387 Bl,.B33 i, 500
53 157.,0 151.,0 g.531 B.,0253 B1,887 0,097
54 142,2 167 .4 7,932 -15,2357 B1,966 -0, 246
55 202,19 104,323 2,215 48,6407 B1,929 0,785
5E 22a.4 12,2 11,183 100, 2 E1,4E3 1,631
57 145.9 168, 2 7.866 -12,3208 £1,370 -1,199
53 218,4 216.5 0,624 1,805 E1,574 0, 030
59 156,58 1625 7,032 -5.6964 B2,016 -(1,092
B 210,2 164,19 7.364 45,2760 B2,036 0,730
61 2008, 7 176,2 6,833 49,4711 B2,037 0,797
[ 402 .9 199,48 7,280 208,1 B2,060 3.273
B3 161,32 146,4 9,001 14,8672 E1,520 0,240
B4 227,3 174,2 6,896 53,1002 B2, 090 (1,805




d@l( Simple linear regression:
detecting leverage points

h. = (1/n) + (X, — X)?/(n-1)S,?

A point is a leverage point if h, > 4/n,
where n is the number of points used to fit
the regression




Regression with leverage point:
Soil nitrate vs. soil moisture

Mooz e Hao

| Responze Distribution: Mormal

Link Function: Identity

Mo Model Equation

MNO3 = 12,3348 - 31,3432 H20
251 e "

_____ Curve | Degree(Polynomial} | "OF _ :'Mean Square | IDF ! Hean ?9995‘?-? R-Square ;| F Stat | Prob > F
| 1 =i = 1 ; 107,9918 | 290 ¢ 24,2399 | 00181 ¢ 4 4551 . 00,0357
Mo Summary of Fit

HMean of Responze 10,7858 | B-Square 00151
Foot HSE 4,9234 | Adj R-59  0,0117




Link Function:

Identity

I todel Equation
MNOZ = 12,4791 - 27,8885 H20
25 e B
28 I ::_ "

L [ -

Observation 46

[ Tuwe || Tegres(Folunoniald | DF IMean Square | IF IMean Square |R-Sauare | F Stat | Prob 3
| 1 =il = 1 79,6479 | 289 . 24,2620 10,0112 3.2823 10,0710

I I Summary of Fit

Mean of Response 10,8031  B-Square 00112

Foot. MSE 4,3256 | Adj R-5q 00073




KOutput from SAS:

Leverage points

The SAS System 155
16:12 Wednesday, October 11, 2000
Hat Diag Ciowy INTERCEP H20
Ob= PRezidual FRstudent H Fatino Iffitz Dfbetaz Dfbetasz

33 -3,8319  -0,7795 | 0,0068 | 1,005 -0,0645  0,0264  -0,0460
n = 336 34 -4,8160 -0,3806 | 0,0076 | 1.0079 -0,0855  0,0387 -0,0638
35 -4,9625 -1,0199 | 0,0255 | 1.0260 -0,1652  0,1217 0,153
[ -0,7222  -0,1473 | 00041 | 1,021 -0,0176  0,0112  -0,0154

h . CU toff 0 -0,7013 -0,1426 0, 0063 1,026 -0,0118 00043 -0,0084
I A -1.6159  -0,3283 0, 0058 1.0120 -0,0251 Qo033 -0,0164
\/EiILJEB- 23 0, 6302 0,1279 0, 0050 1.0118 Q0031 -0, 0022 0, 0052
- 40 -3,4884 -0.7141 0,0197 1.0235 -0,1013 Q.08 -0,0323

4/336=0.012 41 -4,8933 -0,9952 | 0,0082 | 1,0053 -0,0723  -0,0614 00434
=V. 42 -5,6034 -1,1396| 0.0042 | 1,0022 -0,0737  -0,0543 00325

43 -4,4392  -0,9029 | 0,0088 | 1,0071 -0,0B90 -0,0R08 00449

44 -4,8692 -0,9906 | 0,0088 | 1,0060 -0,0757  -0,0BE7  0,0432

45 -3,8633  -0,7ER2|  0,0062 | 1,0079  -0,0670 -0,0485  0,0343

4 29308 o d4E93 ) oo7il 110893 01999 -0 1079 0. 17FA

47 -3,3892 -0,6889| 0,0058 | 1,0094 -0,0827 -0,0464 00342

48 -0,9312  -0,1893| 0.0071 | 1,0138 -0,0161 -0,0143 0,017




IEEIK References:

e Rousseeuw, P.J. and Leroy, A.M.:1987 Robust
Regression and Outlier Detection, John Wiley & Sons,
New York.

e Cook, R. D. (1977). "Detection of influential
observations in linear regression" Technometrics 19, 15-
18




=EEK Outline:

e Archiving data




Archiving high quality data
for easy reuse

=K

*Avoid inconsistencies (e.g. different date ranges in title vs. the data)

*Avoid using the same column title more than once

A | B | ¢ bl E | F |6/ H | 1 [J K L M N 0
All long-term data are from W6 (weighted averages of all gauges in the watershed), frdgn 1964-2000

4
E published in USFS-USDA tech report NE-305
6
7| PRECIPITATION (mm) TEMPERATURE. (deg
8 Total % of avg I June/July % of avg Sept/Oct % of avg y % of avg % of avg
9 1246.3 88 2392 98 169 72 18.7 107 10.25 100
1 14835 104 2172 89 361.2 154 18.6 107 10.25 100
1823.7 128 4163 171 2432 104 1715 98 10.1 99

1326.7 93 253 104 1191 a1 17.75 102 10.4 101
14749 104 432.9 178 21 90 16.9 97 10.55 103
1495.5 105 199.2 82 440 188 19.15 110 11.05 108
1499.7 105 194.7 80 180.8 77 16.85 97 10.15 99
1042 73 201.6 83 230.4 98 17.85 102 11.75 115
1394.8 98 183.9 76 2353 101 17.5 100 10.5 102
1674.6 118 187.6 77 396.4 169 18 103 10.75 105
13135 92 2152 89 153.7 66 16.6 95 10.9 106

avg fotal 1423 June/July avg 243 Sept/Oct avg 234, June/July avg 1745  Sept/Oct avg 10.25

Figure courtesy of Christine Laney, JRN LTER




Avoid formatting errors,
i€ cryptic data, and metadata
iInterspersed with the data

Microsoft Excel - dataformatproblems_examples.xls [Read-Only]

@]Ee Edt Vew Insert Format Took Data Window Hep Typeaquestonforhelp = 2 B x
BETREIERE A WEESE RN 2218 I A HE 20 oBI U EERAE 0 A ]
._] o | JE'_}I \ [ %]L&.d \ Reply with Changes... Euj Revieyw., !
122 v #
! Al B | ¢ [ o] € T Ff T e 1l w0 1T o1 «x T ¢ I wm [nN]Jolr
‘ 1 |year julian day date station GMT (hour) GMT (min) lat (deg) lat (min) long (deg) long (min) irradiance depth (m) NO2- (uM) 1
| 2 | 2001 313 11/9/2001 B | 13 55 -64 46.685 -64 4161 100 1 0.84
3 2001 313 11/9/2001 B | 13 55| -64 46.685 -64 4161 50 3 0.53
4 2001 313 11/9/2001 B . 13| 95| -64 46.685 -64 4161 25| 10 0.502
| 5| 2001 313 11/9/2001 SWI 19| 0 -64 46.442 -64 3.29| 0 0 0.809
| 6 | 2001 319 11/15/2001 SWI | 17 40 64 46.442 -64 3.29| 1] 0 0.573
L 2001 320 11/16/2001 B | 13| 50 64 46.784 64 4456 100 0 0.46
| 8 | 2001 320 11/16/2001 B 15 50 64 46.784 64 4456 50 6 0.5
\ 9 | 2001 320 11/16/2001 B 18 50 -64 46.784 -64  4.456 25 15| 1.125]
| 10| 2001 320 11/16/2001 B | 13 50 -64 46.784 -64 4456 10 28 0.281
11 2001 320 11/16/2001 B | 15 50 -64 46.784 -64 4456 5 41 0423
| 12 |Probe broke, replaced 11/17/2001 | | | | | . | |
| 13| 2001 320 11/16/2001 B 15| 50/ -64 46.784 64 4.456 ~1 45 0.321
| 14| 2001 323 11/19/2001 13 13 -64 48.933 64 2273 100 0 0.227
i 2001 323 11/19/2001 13| 13| 64 48.933 64 2273 50 5 0.197
| 16| 2001 323 11/19/2001 13 13 -64 48.933 64 2273 25 14.5 0.198
\ 17| 2001 323 11/19/2001 E 12 13 -64 48.933 -64 2273 10 27 0.148
| 18| 2001 323 11/19/2001 E | 13 13 -64 48.933 64 2273 3| 38 0.195
i 19| 2001 323 11/19/2001 E 13| 13 -64 48.933 -64 2273 1 12| 0.1
20 2001 324 11/20!2001- 14 12 64 46.784 64 4.34 Deep 0 0.208
. | ] | | | —

Figure courtesy of Christine Laney, JRN LTER



SEEIC The nit-picky details

e Dates as an example:
- 2-digit years

- range of dates in single cell (e.qg., 02/01-
03/2006 or 02/01/2006,02/03/2006)

— date with a letter appended to the end (ex:
02/01/1999A)

- single digit day and month, especially when
there are no delimiters between month,
day, year. (e.g., 1212005)

Figure courtesy of Christine Laney, JRN LTER




e Preferred data formats for
=Y = synthesis
e Simple ascil delimited with commas, spaces, tabs, etc.

with headers, or very simple excel spreadsheets. If
fixed-width, give widths and spaces.

e Metadata in separate file

e All data in single file, not separated by year. If not
possible, each file in exactly the same format.

Complex formatting systems, like multisheets & several

tables in one sheet, are more difficult to interpret and
extract information.




SIE B Best practices reference:

e Cook, R. B., R. J. Olson, P. Kanciruk, and
L. A. HoOok. 2001. Best practices for
preparing ecological and ground-based

data sets to share and archive. Ecol.
Bulletins 82:138-141.
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