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Vesturdalsa river temperature

Objectives

22 years

The main objective of this case was to develop a method in PatternFinder to evaluate annual and
seasonal river temperature changes.

The research is based on 22 years of temperature data from the river Vesturdalsa in Iceland.
Vesturdalsa is located in the northeast of Iceland and enters the fjord of Vopnafjordur (estuary at:
65°44°N and 14°54°W). The catchment area is 190 km?® and has an average flow of 5.0 m®s™.
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Figure 1. Vesturdalsa river location.

It is classified as wetland heaths stream which originate in moraine heaths with lake and wetland
systems. Vesturdalsa has been an index river in studies on salmon for the northeast part of Iceland.
The temperature meter was located approximately 8.0 km upstream from the estuary.
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Method

We start by importing the temperature data and creating a project for river measurements.
The temperature data is appraised graphically, via histogram and daily graphical intensity.

The data is statistically evaluated by looking at periods, years and months. One of the
statistical parameters is energy that can yield yearly and monthly day-degrees.

Another way of looking at how the higher temperatures stretch over the years is by using
event analysis. By setting a temperature threshold and calculating the relative time
temperatures that exceed this limit, the distribution of the temperature can be seen.

As the data is not continuous in the first 10 years, a seasonal day-degree value is calculated
as an annual value, giving an alternative to the year-day-degree values. Seasonal period is
defined as 28.6-13.8, thereby all the years are represented.

Overlaying the temperature data annually gives a great view of the yearly changes. Monthly
overlaying reveals the monthly average temperature changes over a year, and daily
overlaying gives the daily average temperature oscillation.

Measurements on Salmon and Arctic charr have been carried out in Vesturdalsa river since
1979. A new project is created by importing annual population, length and weight numbers
for Salmon smolt. By extracting data from [1989-2009], a new file is created that can be
added to our Vesturdalsa river temperature project.

. Finally a summary of the main statistical results. We compare seasonal day-degree values to
Salmon weight data, visually and through correlation analysis.
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1 Creating a single file project (SFP)

As the data was collected from various recorders over the 22 years, the import option was used to

create the SFP.

# Import File to New SFP Project - 0| x

Impart aptions

File b import; |E:'I,P'F-Cases'l,'-.-'eiaimél-'-.-'estur-:lalsé'l,Hiti Westurd 1959-2010,kxt J

mame of new SFP project: |'u'D

Project Path: C:\PatternFinder 1.0M1YProjects)SFRIYDND, SFP

Calumn setup

Mumber of data columns: |1 =
[ Last column included as data poink comments
[v Measurement numbers included as First column

" Fixed sampling rate {specified in import File)

f* [Dake and kime as first column {2nd if meas, numbers)

[ Skark ke | J| —
Interwal | ﬂ | J

Select decimal poink Column separation
* Comma i) + Tab " Sermicolon
T " Space " Comma
Date separation Time separation
0 .
* Dot () f» Colon ()
" Slash ()

" Dok (),
" Dash(-) ()

(o] 4 Zancel

Date Format

0+ dd mim yy

T

Drate and kime column definition

i Jnined date and kime

{+ Seperate date and tine

Figure 1.1 Import options
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& Signal Chart
ue|lEElEd AW

(

WD.SFP - Signal chart - Temperature - C\PatternFinder 1. 001 Projects\SFPAWDVWD_TS1.5D3

er 1.0M1\Projects\SFPA\VD\VD_TS51.5D.
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Figure 1.2. Temperature values over 22 years.

The temperature file is given an alias name, “T".

057E

Number Time |TEmp(°C)|d
O0545 | 18.5.2010 1:00:00 11,4
| |ons4s | 1862010 14: 11,4
| |eosso | 188200015 11,2
| |ones: 1862010 16: 11,1
[ |onesz | 188201017 11,0
| |onesz | 1882010 18 10,8
| |oves+ | 18.8.200019: 10,7
| |oness 1882010 20:00: 10,5
| |onsse | 1s.&.z01021: 10,2
| |ones? | 1882010 22: 10,0
90858 | 18.8.2010 23:00:00 9,5
| |onese 19,8200 00: 9,5
| |ongen | 13.8.201001: 9,4
[ |ongs1  19.8.2010 02:00:00 9,2
| |oogsz | 19.8.201003: 3,0
| |s0sea 1962010 04: 8,8
| |onge+ | 19.8.201005: 8,7
| |onzes | 13.8.201006: 8,5
| |oogse | 13.8.201007: 8,5
| |s0s67 1962010 08: 8,7
| |onges | 19.8.201009: 9,2
[ |onzes | 13,2010 10: 9,9
| |eogro | 13.8.200011: 10,9
gugr1 | 19.8.2010 1z:00:00 11,7
[ousrz | 19.8.2000 13: 11,9
[ |onsrs | 13.8.2010 14: 12,5
HESD 12,7
a0a7s 12,6

The measurements are not continuous, most evident is the lack of measurements in the year 2000.
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Data Statistics
Min: -0,20
Mean: 4,71
Std, Dev: 4,98
Total: 427650,50

Max: 23,80
Median: 2,80
Variance: 24,76
RSD: 105,73

Print ‘

Range: 24,00
Paints: 90565
Mode: 0,00

Close ‘

Select:

Bin Settings
" Default Mumber of Bins Automatic
+ User iz distribution
Fram |T0 |Name |°.-"o |Value |
0,20 0,10 -0,z 8,66 | 7E6E
0,00 000 o 20,49 18620
0,00 040 o1 4,41 4005
0,0 500 5 24,78 22521
5,00 10,00 10 22,31 20271
10,00 15,00 15 17,14 15574
15,00 20,00 1947
20,00 25,00 62

Expork

Figure 1.3. Histogram for all the data in figure 1.2
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@& Statistics Chart (C:\PatternFinder 1.0M1\Projects\SFPAVDAVD_TS1X3.STA)
e EEIlLEe SEE %o
WENE] alug Uit s
WD BFP - Statistics chart - C\PatternFinder 1. 00 1'\Prejects\SFPAWIAWD_TE133 5TA y —
Sig. stat /Period: 1 days Date: 19.8.2010
| [Tirve: 00:00:00
] msx 12,7 Temp(*C)
|| Min &6 Temp(>C)
Middle 10,65 Temp(aC)
] Mean 10,26 Temp(C)
] Median 9,60 Temp(°C)
B Range 4,1 Temp({*C)
| Total 195,0 Temp(=C)
Std, dev. 1,5 Temp(*C)
| rso 14,82 Percent(%s)
:.Pn\nts 19 Count() e
Energy 665640,0 Temp{°C s}
B Kurtosis -1,5 Arb.()
: Skewness 0,5 Arb.()
|
T T T T T T T T T T T T T T T T T T T T T
1990 1991 1992 1993 1994 1995 1996 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2005 2009 2010 2011 = < > =
Measurement time: 25.6.1989 - 19.5.20M10

Figure 1.4. 1 day period, number of measurements and mean temp.

As can be seen in figure 1.4, from the year 1989 to 2001 measurements are performed every 4 hours
mainly from May to October. In 2001 to 2010 measurements are continuous and performed every
hour with a gap in 2005, where there are no measurements the first 5 months.
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2 Signal Periodic Statistics

2.1 Period definition

@ DAT Chart(C:\PatternFinder 1.0M1\Projects\SFPAVD\Hiti Vesturd 1989-2010.DAT)

= | = JULLH
Time-Averaging Statistics
signal
Temperature(*C) >
Period
© Minues 8 =
i |
coms =]
O Week Monday

12 ~

Paramaters
I Interpolate period
I Time weighted statistics

Craate cancel

Time-window Statistics for Temp(*e)

Max: 23,8 at 21.07

== 55 2 5o

Hiti Westurd 1988-2010

I

Min: -0,2 at 09,09

oBAZ  OFAZ 0742 0612

Measurement time:

Average: 4,706

0512 0512 0412 0412 0312

28.6.1980 - 19.8.2010

Number | Tirme. [rempe=cy] =]
45285 11.11,2004 09:00,00 000 0,7
45206 11.11.2004 10:00:00 000 0,7
| |4sze7 11.11.2004 11:00:00 000 0,5
45200 11.11.2004 12:00:00 000 0.4
| 45289 11.11,2004 13:00:00 000 0,4
| |#s290 11.11,2004 14:00:00 000 0,4
|_|4s291 11.11.2004 15:00:00 000 0,4
| |#s292 11.11,2004 16:00:00 000 o4
|_|4s293 11.11.2004 17:00:00 000 0,4
|_|#5294 11.11,2004 1e:00;00 000 0.2
|_|4s295 11.11.2004 19:00:00 000 0,0
45296 11.11,2004 20,0000 000 0.0
|_|4s297 11.11.2004 21:00:00 000 0,0
45298 11.11,2004 22:00:00 000 0.0
|_|45299 11.11.2004 23:00:00 000 0,0
> 7. ol 1. B
45301 7.6.2008 22:00:00 000 11,4
| |4s302 | 7.6.2005 23:00:00 000 11,0
| |4s303  @.6.2005 0o:00:00 000 10,5
45304 @.6.2008 01:00:00 000 10,0
| |4s308 | @.6.2005 0z:00:00 00D 9,2
| |#s306 | 8.6,2005 03:00:00 000 a6
|_|4s307 | @.6.2005 04:00:00 000 8,0
| |#s308 | e.6,2005 0si00:00 000 5
|_|4s305 | &.6.2005 06:00:00 000 7.5
| |#s210 | e.6,2005 o7i00:00 0o 7.4
| |4s311 | 5.5.2005 0s:00:00 000 7
45312 8.6,2005 090000 000 8.0
|_|4s313  &.5.2005 10:00:00 000 8.3
45314 5.6,2005 11:00:00 000 )
|_|4s315 | &.6.2008 12:00:00 000 10,5
[J4sate  o.6.2005 13o0i00000 | 10,8 =
(T T I |

Figure 2.1 Defining a Signal Period Statistics operation as a year (12months)

2.2 Year Period

& Statistics Chart (C:\PatternFinder 1.0M1\Projects\SFPA\VD2\VD2_TX1.STA)
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= >

WDZ2.EFP - Statistics chart - Ci\PatternFinder 1.03M 1 Projects\SFP\WD2\WD2_TX1.5TA
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spIod

Mame Walue Lnit -
5 =l
| | |Date: 1,1,1999
| | |Time: 00:00:00
L] max 17,4 | Temp(®C)
L mim 0,3 TempioC)
|| Middle 8,85 Temp(=C)
| rean 9,13 Temp(=C}
|| Median 9,30 Tempi=C)
| | Rangs 17,1 | Temp(>C)
|| Tokal 7145,0 Temp(=C)
Std. dev. 3,3 Tempi®C) |~
RSD 36,16 Percantioh)
| Wroints 763 Count()
Energy 288009980,6 Temp(*C's)
L urtosis -0,2 Ak £
Skewness -0,2 Aarb.()
[~

|« = = =|

Figure 2.2 Yearly statistics, Mean and number of points

The statistics chart in figure 2.2 is saved as T_xy.

The number of measurements is around 1000 per year from 1989 to 1999. The year 2000 is an
anomaly as there are very few measurements. In the year 2001 to 2010 the number of
measurements per year is about 8000, except in 2005 where the measurements are about 5000.
The mean values are obviously much lower in the years following 1999 because of all the near to
zero measurements in the years 2001-2010.
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2.2.1 Energy

Extract Energy from T_XY.

& Signal Chart (C:\PatternFinder 1.0M1\Projects\SFPAVD2\VD2_TX1S2.SDX)

e EE|l |- A K2

VD2.SFP - Signal chart - Temperature - C\PatternFinder 1.0M1\Projectst SFPWDAVD2_TX152 5DX umber|  Time | Temp(°C's) | 4|

11,1989 00:00:00 [320169025,6
) | 11,1990 00:00:00 2451357594,0
3BDUUUUUD'U_ . . . . . . . i i i i i i i . . . . . . . [ = — '

3000000004 || ! A O T A I [ O A R O A A R O e 1.1,1991 00:00:00 349581977,6
: 11,1992 00:00:00 269131757,

320000000,0 —
! 1.1,1993 00:00:00 224492177,6

30000000004 m

1.1,1994 00:00:00 211565426,1
1.1,1995 00;00:00 217850156,0
1.1,1995 00:00:00 294366181,2
1.1,1997 00:00:00 260643979,4
1o 1.1,1993 00:00:00 235964400,0

250000000,0 |
2600000000 ]
& 2400000000 :
{ 2200000000 | :

FEEREEREREEEE

£ 2000000000 | ! ¥ ;
& 1s00000000 { |tz t.1.2000 00:00:00 32171051,1
£ 1600000000 | ||tz |1.1.2001 000000 1163710444
"~ 140000000,0 4 | |14 1.1,2002 00:00:00 125592957, 1
120000000,0 |15 |1.1.2003 000000 148264745, 2
00000000 | | |te|t.1.2004 00:00:00 172169435,0 —
sooo00000 |7 112005 000000 173043488, 9
sooaoo00g | | | |t8|t.1.2008 00:00:00 135996884, 5
e N I I ||t |t.1.2007 00000 133723945, 3
IR AR 20 |1.1.2008 00:00:00 122160257, 1
20000000,0 Afmm—_————— e — 1 -
1383 1990 1931 1992 1993 1934 1995 1996 1997 1595 1993 2000 2001 2002 2003 2004 2005 2006 2007 2006 2009 2010 | |21 1.1.2008 00:00:00 125719331,5
Measurement time: 1.1 1989 - 1.1 2010 ||z 112010 o000 147003145,0 | |
Time-vwindow Statistics For Tempi(#C s}
Max: 349551977, 576863 at 1991 Min: 32171051,0712436 at 2000 fverage: 1,987E08 o« | o« | s | m |

Figure 2.3 Yearly energy

The signal chart in figure 2.3 is saved as Yenergy.

This is the energy per year in degree Celsius seconds (°Cs)

2.2.2 Day-Degrees

@ Scaling Filter Options Eli= ks

Unit: |Dav-Degree ﬂ
Offset: |EI
Scaling Fackor
" Mulkiply
186400
* Divide
Qi | Cancel
Figure 2.4 Scaling

By using the filter option Scale, you can divide the energy with the number of seconds in one day.
The result is day-degrees. At the same time this new unit can be defined.
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@ Signal Chart (C:\PatternFinder 1.0M1\Projects\SFPA\VD2\VD2_TX152.SDX)

e EE|l e A ? e

VD2.5FP - Signal chart - Temperature - Ci\PatternFinder 1.0M 1\ Projects\SFPAWWD2WD2 TH152.5DX Humber e [ Tempiecs) | o]
1 1.1.1989 00:00:00 320169025, 6
Energy i .00
ReCoonaoTID HE 1.1.1990 00:00:00 245138794,0
I —— HE 1.1.1991 00:00:00 349581977,6
4 1.1.1992 00:00:00 289131757,6
3200000000 H
P0G HE 1.1.1993 00:00:00 224492177,6
! e 1.1.1994 00:00:00 211565426, 1
2EH000000,0 L7 1.1.1995 00:00:00 217850158,0
260000000,0 [|e 1.1.1996 00:00:00 294366161,2
e HE 1.1.1997 00:00:00 260643979, 4
&, 2200000000 10 1.1.1998 00:00:00 [238964400,0
L 2000000000 |11

1.1.199900:00:00 253009950, &

E 180000000,0 »
£ 150000000,0 ! 1.1.2001 00:00:00 116371044, 4
= 1400000000 S 1.1.2002 00:00:00 125592957, 1
120000000,0 | |15 1.1.2003 00:00:00 148264745, 2
1000000000 | |18 1.1.2004 00:00:00 172169435,0
800000000 17 1.1.2005 00:00:00 173043458, 9
0000000 0 [ e 1.1.2006 00:00:00 |1 35996884, 5
40000000, 1s 1.1.2007 00:00:00 133723945, 3
200000000 14— . A O . ; HE . A [ e 1.1.2008 00:00:00 122160267, 1
1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 |_[21 1.1.200900:00:00 |125719331,5
Measurement time: 1.1.1989 - 1.1.2010 HES 11,2010 00:00:00 147003145,0 | ¥
Time-tindow Statistics For Temp(®C s}
Max: 349561977,576863 at 1991 Min: 32171051,0712436 at 2000 Average: 1,987E08 [ e

Figure 2.5 Yearly Day-Degree

The year day-degree seems to mimic the year mean degree graph and the number of measurements
and the period does play a role. The years before 2000 had only a few measurement months, and
there were no measurements in 2000. Thus looking at the data as is, only the years between 2001
and 2010, with a year-round measurement coverage, can give a realistic picture of year-day degree.

There are other options, one is to remove all the zero values and near to zero values. Another

approach, which we prefer, is to look at seasonal values that can reflect annual fluctuations.
We'll take a closer look at that later.

2.3 Monthly Period

For more detailed results we can look at changes per month.

By using the same procedure as with the year period we get the Monthly statistics for the T data.

@ Statistics Chart (C:\PatternFinder 1.0M1\Projects\SFPA\YD\VD_TS1X4.STA)

CwEEL |- AT ? o

VD.SFP - Statistics chart - C\PatternFinder 1.0M1\Projects\SFPYWDWD_TS 134 5TA
Sig. stat / Period: 1 marths Date: 1.8.2010

200 H H 7500 Time: 00:00:00

230 VAN Max 16,8 Temp(*C)

20 Zoo Min 8,6 Temp(*C)

210 B500 Middle 12,70 Temp(~C)

200 Mean 12,72 Temp(*C)

180 600,0 Median 12,70 Temp(°C}

180 50 Range 8,2 Temp("C)

170 Total 5738,5 Temp("C)

16,0 5000 Std, dev, 1,7 Temp(*C)

150 RSD 13,64 Percent(%)
5140 4500 Points 451,0 Counk(}
Tae 4000 o Energy  20619360,0 Temp(*C's)
& 120 E Kurtosis 0,6 Arb.()
1o 3500 @ Skewness 0,2 Arb.Q)
€
2100 3000

a0 L

80 2500

70

&0 2000

50 1500

40 .

30 I 1000

20 -

s Nl L | 50,0

o0 ‘ 1t s b a3 : 00 =

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 200§ 2006 2007 2008 2009 2010 === s

Measursment fime: 161989 - 1.8.2010

Figure 2.6 Monthly statistics, Max, Mean, Min and number of points

There are 175 points in the chart, thus there are 80 months with no measurements.
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By using the same procedure as in chapter 2.2.2 we get the Day-Degrees per month.

& EE|l|-@ AW B2 o

VD SFP - Signal chart - Temperature - CAPatemFindsr 1. 0M1\Projects\ SEPWDAVD_TS1348251 DK [ [Humber Time o607 oifference | o]

Erergy e 16,1993 00:00:00 228,5 19743611,5
4200 _ — | |53 17,1995 00:00:00  278,5 24062541,5
4000 ' | |54 18,1995 00:00:00  315,3 27241604,7
3800 | |55 19,1993 00:00:00 176,53 15276733,2
56 1,10,1993 00:00:00  153,0 13655227,7
e 15,1999 00:00:00 99,4 B8585732,7
e 1.6.1999 00:00:00 240,4 20767439,6
HE 1.7.1999 00:00:00 355,29 307479641
[ e 1.8.1999 00:00:00 354,3 30613325,7 J
_E-l 1.9.1999 00:00:00  210,3 |168170429,7
M
L 63 1.10.2000 00:00:00 90,8 7549343,6
&4 1,11,2000 00:00:00 15,5 13391845

65 1,12,2000 00:00:00 15,8 1362764,2

| |es 112001 0000000 3,3 282086,7

L le7 122000 00:0000 1,4 1214986

&5 1,3.2001 00:00:00 0,0 0,0

[ ee 1.4.2000 00:00:00 11,6 10055284

HED 1.5.2001 00:00:00 635 | 72099955

HE 1.6.2001 00:00:00 241,9 20896138, 1

. e 1.7.2001 00:00:00 341,7 28520018,3

1359 1530 1351 1982 1993 1394 1395 1 356 1 357 1395 1339 2000 2001 2002 2003 2004 2005 206 2007 2008 2009 2010 2011 NE 1.0.7001 BOOIR 0.7 JPO0H1Z05,3
ometement fime 1 61555 <1 8901 [ 7e 15,2001 0000 | 2150 esT704s,0] |

Time-window Statistics for DE{D*)

Masc: 4095 at 1991 Min: 3,1 at 2008 Average: 160,7 W |« e | e

Figure 2.7 Monthly Day-degree

We look at average temperature values, combining the monthly and yearly mean for the years 1989 -
2010:

PatternFinder 1.0M1\Projects\SFPAVD\VD_MO5.0|
Qe kEElLE=«& AW ? e

VDLEFTP - Overlay chart - - ClPatternFinder 1. 001\ Projecta\SFPVWWINVD_WO5 ODI

# Mame  [Value Linit Mumnber | &

Date; 1.8.2010
Time: 00:00:00
1 |¥mean Tempi*C)
2 Mmean 12,72 Tempi{=C) 175
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11,00

10,00

Temperature(™C)

T T T T T T T T T T T T T T y
1889 1990 1991 1992 1995 1894 1995 1896 1937 1995 1839 2000 2001 2002 2003 2004 2005 2006 2007 2005 2009 2010 2011
Measurement time: 1.1.1989 - 1.8.2010

Figure 2.8 Yearly and Monthly averages
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3 Event analysis

3.1 Event definition

As a comparison to the Day-degree values, we can analyze the time the temperature is above a
certain limit. We use the T file and set our limit to 5°C.

& Create Event Graph !EH

1. Select series For event chark <+, Define amplituds levels
Murnber of lewvels = —

[ Automatic definition
| [=]
L1: From -0,z [L=] =.0
2. Select parameter bvpe LZ: Fraom = 4= 25
" Behawioral
ko
= ambient
to
" manual
o]

3. Set event conditions (behawiaral anly)

=
-
Staktus: Ok
r“ =
= Ok I Cancel

Figure 3.1 Ambient/Limit event definition
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VD2 SFP - Bvent Chart - Temperature - C\PatternFinder 1 0M1\Projects\ SFPVDWDE_TE2 B3 Hurber | e [reme0)] A
240 ] — — |_|9567 5.10.1999 04:00:00 3,1
o : s | |ss68 | 5.10.1393 n&:00:00 2,5 —
Do | |ss62 | s.10.1993 12:00:00 3,5
; : B I ol 9570 4,0
o : : R RN |
=0 ‘ : I Pl D
120 : B e ol | |s572 3,7
18,0 . . il N N N N b . . | |9573 11.10.2000 17:00:00 2,7
170 ~ ! I A B N ! | |s574  |11.10.2000 18:00:00 2,4
. N N N N N N . N . . . | |9575 11.10.2000 19:00:00 1,9
9576 11,10.2000 20:00:00 1,6 j
S
ot . Event|tart Time amplitude [Leve il
£ i
B ES
Z & 2Tl 990 00:00:00 Temperature 1
id _
= Ll stz | 571990 1z00m0 Temperature| 136 2
Ll 4 | 491990 040000 Temperature 0z 1
Ll sz | 49150 0m00m0 Temperature 08 2
Ll et | 5999000000 Temperature 04 1
Ll 7z | ssase0omonm Temperature 41 2
Ll e | 7oase0 040000 Temperature 0z 1
Ll etz | 7sassoomonmo Temperature 59 2
Ll 1ol | 119080 040000 Temperature 04 1
Ll e | 1nsase0 osonmo Temperature 54 2
il i : h : Ltz | 1zese0 om0 Temperature 171
[ S i e e e s e s e p iy UG WS v s e Frz o [ 13012 | 12919850 09:00:00 | 14.9.1990 00:00:00 Temperature 59 2
19591990 1991 19921993 1994 1995 1996 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 || 14|71 | 14.8.1950 00:00:00 | 14.9.1950 08 Temperature 26 1
Measurement fime: 26 51985 - 1382010 15/7L2 | 14,9.1990 08:00:00 | 16.9.1990 00:00:00 Temperature: 53 2 |

Figure 3.2 Event analysis results. TL2 holds the higher limit (>=5°C)

The results of the event analysis can be seen in figure 3.2.

(10]




Case study STAR : 0DDI

3.2 Periodic statistical event analysis

3.2.1 Monthly statistical event analysis

We define the periodic event as a month and look at the event duration.

& Event Chart (C:\PatternFinder 1.0M1\Projects\SFP\VD2\VD2_TE2.ESX) HEIE
n 2k . E/lE
e = =g ol L )
Create Event Statistics . -
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Figure 3.3 Periodic statistical event analysis definitions

Part of the results of the event statistical analysis can be seen in figure 3.4. Occurrences and total
time parameters are active.

~ 5 : -9 |-
e EElL=d SEE o
Mame: ialue Unit a
WDLSEP - Statistics chart - C\PatternFinder 1,001\ Projects\SFPWDAWD_TZ1E1XH1.5TE Y —
Evt stat: TL2 f Period: 1 months Date: 1,7.2010
IR T S el lmlmlomlomgme itmite g o= L b || Tme: 00:00:00
[ ﬂ [ [ (| I n sl wﬂr I f'[ : W 125000000 L] max 2676400,0 Time(s)
Sl s | eeaododk § 2 L] min 2676400, Time(s)
: : H : : : : : : : : : : : : i ]2 qlu o0 Middle 2675400,00 Time(s)
S (O | AL 1 L IO (A (1 1 Ouurrences ! count(}
1S | T T A O o Total 2678400,0 Time(s)
N BRI I U b ] oo E 16 | mean 2670400,00 Time(s)
AU TR T R L] || oot dre o - eoen . zereson Tnet)
: : : ' ' 3 | | otd. dev. 0,0 Time(s)
L 1 A e o A A0 A NI R 108 e o S A 0,00 Percert(?:)
H H H T 4 q‘g i} 2 Rel. Dur, 100,00 Percent(%s)
NIRRT S 1Y N KT SR A1 A O S A
' ' 1 fopoogio
T be
UL | Bondaglio
UEHIE R Hobeotlo 12
AEHLA potetto
: L l Ll ﬁ b2
L -l
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2005 2007 2008 2009 2010 = = = ou
Measurement time: 1.6.1989 -1.6.2010

Figure 3.4 Monthly statistical event analysis. Occurrences and total event time per month.
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The Rel. Dur. parameter represents relative event time per month. The value is shown in
percentages.
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Figure 3.5 Monthly relative event duration.

3.2.2 Yearly statistical event analysis

We compute the yearly event duration in the same manner.
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Figure 3.6 Periodic (Yearly) event analysis, showing occurrences and relative duration.

The green line represents the relative duration per year. As can be seen the year 2000 has no values
as there are no measurements and in 2005 only half the year is represented. We will therefore
extract the relative duration and interpolate these two years, i.e. 2000 and 2005, to reveal a more
realistic trend.
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Figure 3.7 Yearly relative duration.

We emphasize that this case study is not a scientific paper and we change the values in 2000 and
2005 knowing that this is not a scientific procedure. This case study is meant to show the possibilities
in PatternFinder and we leave the scientific deductions to the scientists.

(13]




Case study STAR *0DDI

4 Seasonal periodic analysis

As the data is not continuous in the first 10 years, a seasonal day-degree value is calculated as an
annual value, giving an alternative to the year-day-degree values calculation method.

We select the original data and define the period to be 28" of June to 13" of August, thereby all the
years are represented.
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Figure 4.1 Seasonal periodic analysis results. Energy is brown, Max is red, mean is orange and min is
purple.

There is a similarity between the year period statistics and the seasonal ones, but mean values are
more persistent and the energy looks better. We observe now the drop in max, mean and energy
values in 1993 and also in 1998, although not as much. In figure 1.2 we see that these two years are
obviously lower, so this is normal

We extract the energy value, convert it to seasonal day degrees and interpolate the year 2000.
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Figure 4.2 Seasonal day-degrees.
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5 Overlaying data

5.1 Annual overlay
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Figure 5.1 Annual overlay of the original data (chart T)

All data is overlaid to the year 1989.
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Figure 5.2 Annual overlay statistics. Max, mean, min and SD.
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5.2 Overlay of monthly data

We use the monthly day degree data, see figure 2.7.
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Figure 5.3 Annual overlay of Monthly-“ Over 5° threshold relative duration”

By performing an overlay statistics analysis we get the average value for the monthly day degree.
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Figure.5.4 Annual overlay statistics of Monthly-Day Degree. Showing average and SD
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5.3 Daily overlay

By looking at the temperature data it can be seen that half the year is near 0°C, for example, in the

year 2008.
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In order to get a fair average of daily temperature changes, we concentrate on the interval from May
23 to September 27. We also interpolate all measurements to 1hour.

All the data

is then overlaid to cover a singular day.
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Figure 5.6 Daily overlay of the all the years in the interval 23 May-27 Sept.
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The overlay statistics reveal the average daily temperature changes from May to September over a

22 year period.
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Figure 5.7 Statistical results of daily overlay
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5 Importing Salmon smolt annual data

Measurements on Salmon and Arctic charr have been carried out in Vesturdalsa river since 1979.

A summary of these measurements can be found in “Vesturdalsad 2009. Génguseidi, endurheimtur,
talningar og seidabuskapur” by pérélfur Antonsson and Ingi Runar Jonsson employed by Institute of
Freshwater Fisheries in Iceland.

We create a new project named PLW by importing average annual population(number per 100m?,
length(cm) and weight(g) data for two year old Salmon smolt.

@ DAT Chart(C:\PatternFinder 1.0M1\Projects\SFP\L WP2\IlwP+2_.DAT)

TwP+2 humber Time. prt 00m2(POP) [Lengthicm) weight(g)] o
Lt 11,1979 00:00:00 000 4,9 7z 39|
140 e 1.1.1980 D0:00:00 000 13,6 75 46
135 HE 11,1951 00:00:00 000 15 6,4 2,7
130 [ 1.1.1982 D0:00:00 000 45 8,2 61
125 s 1.1.1983 0:00:00 000 3,0 8,1 56
120 s 11,1984 D0:00:00 000 12 7z 3,9
15 g 1.1.1985 00:00:00 000 0z 8,3 7,4
10 W 11,1986 D0:00:00 000 0,1 9,0 76
105 s 1.1.1987 00:00:00 00D 07 95 92
o [ 1= 1.1.1988 D0:00:00 000 16 86 67
85 [t 1.1.1989 00:00:00 000 7,5 7,8 5,1
€1 |1z 1.1.199000:00:00 000 73 75 4.6
85 s 1.1.1991 D0:00:00 DOO 3,5 8,2 6,1
- ~ L+ 11,1992 00:00:00 000 31 83 61
§ ;z H 15 1,9 8,3 6,0
g £ B I B Y
8 en 2 | L3 8,2 6,0
55 [t 11,1996 00:00:00 noo 1,5 8,5 7.5
50 |19 1.1.1997 oo:00:00 000 0,4 95 95
15 [len 11,1395 00:00:00 noo 6,0 85 64
40 []e1 1.1.1999 o0:00:00 000 41 8,6 67
35 [ |ez1.1.2000 00:00:00 000 06 8,6 70
30 [ |es  1.1.2001 00:00:00 000 1z 96 9,8
25 [ Je+  1.1.2002 00:00:00 000 0,3 9,2 9,3
20 [ |es  1.1.2003 00:00:00 0oo 05 1,3 16,2
15 [ Jes 1.1.2004 00:00:00 000 1,0 11,7 17,8
10 p |27 1,1,2005 00:00:00 000 34 10,1 1,9
o3 ! | |o= 1.1.2006 D0:00:00 DOD 3,8 88 7.8
0o i [ |es 1.1.2007 00:00:00 000 4,5 8,5 6,6
0082008 [ ]ao1.1.2008 o0:00:00 000 2,1 8,7 7.2
Measurement time: 1.1.1573 - 1.1 2003 [lst 1.1.2009 00:00:00 noo 1,6 8,3 61 v
Time-Windaw Statistics for Length(em)
Max: 11,7 3t 2004 Min: £,4 ot 1981 Average: 8,616 e - > >

Figure 5.1 Annual average 2 year old Salmon smolt population, length and weight, 1979-20089.

We can see that the weight (brown) and the length (green) go hand in hand, but the population is
somewhat different.

We extract both the Length(cm) and the Weight(g) signals from DAT file, cutting out the years 1989-
20009.
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We now return to our Vesturdalsa river temperature project. By using the Add Files to Project button

M we incorporate the Length and Weight signals from the PLW project.

For comparison purposes a index signal that incorporates both the length and weight values would
be ideal. Not a scientifically proven comparison method, but one we like to “experiment” with here.

By selecting one of the signals we can use the multiply option in the Signal Operation menu to
multiply these two signals together.

@v

Subiract

ultiply
Carmpare
Correlation

& Signal Chart (C:\PatternFinder 1.0M1\Projects\SFPAVYD2\VD2_LS151.SDX)

QR EE|l @ IAEE B

VD2 SFP - Signal chart - Length - C\PatternFinder 1 0M1\Projects\ SFPWD2WD2_L3151 5DX Humber|  Time  [Lw-Indexicmeq)] |
210 |1t 11,1989 o0:00:00 40
a0 |1z niissnononion *®
qand 13 niiesiononion 50
we0] [+ L1199z ononioo 51
470l | |15 1.1.1993 00:00:00 50
.k | |te 111994 00:00:00 43
150 4 i _1? 1.1.1995 00:00:00 49
a0 18 11199 ononion 66

a H 19 1.1,1997 00:00:00 a0

1304 L

= ' 20 1.1.1998 00:00:00 54

F1o04 L

=R BE 11,1999 00:00:00 55

0] | |2z 1.1.2000 00:00:00 60
agd ! | [es 112001 00000 %
and ! | |es 1.1.2002 00:00:00 a6

o | |5 1.1.z003 00:00:00 183

eod | |es  1.1.2004 00:00:00 208

e | |e7 11,2005 00:00:00 120

i o8 1.1, 2006 00:00:00 £

29 1.1,2007 00:00:00 =)

30 T T T T T T T T T T T T T T T T T T T T

1989 1990 1991 1932 1993 1934 1995 1996 1997 1933 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Messurement time: 1.1.1989 - 1.1.2009

Tirne-window Statistics For L-Indexicm g}
Max;: 208,26 at 2004 Min: 34,5 at 1990 Average: 74,99 | o« | |

Figure 5.2 Annual average 2 year Salmon smolt Length-weight index (cm.g), 1989-2009.

The resulting Length-Weight Index (cm g) value signal can be viewed in figure 5.2.
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Results:

R.1 Seasonal statistics results

Summarizing statistical results.

First we take a better look at the statistical seasonal yearly temperature values, correcting the 2000
(no measurements) year.

@ Overlay Chart (C:\PatternFinder 1.0M1\Projects\SFPAVD2\VD2_MO19.0DX)

e@EEl -3 AW &P

VD2 5FP - Owetlay chart - - ChPatternFinder 1. 0M1\Projects\SFRWDZWD2_MO12.0DX
240 : : : : g g g g g Date: 28.6.2001
Time: 00:00:00
220 1 |Svmax 17,6 TempioC) 13
00 | S¥min 8,5 TempiC) 13
3 SVmean 10,87 Temp(®C) 13
180 4/ 5¥sd 2,1 TempiC) 13
160
e
L1400
3
F 120
g
E
& 100
80
&0
40 H H H H H H H H H H
: : : : : : : : : : : =
: : : : : : T T T T T : : : : : : : : : t —
1990 1991 1992 1993 1994 1995 1996 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 |
Measurement time: 28 5.1959 - 26 6.2010 SEAPE

Figure R.1 Statistical seasonal values, max(red), mean(green), min(blue) and SD(brown)

Average values are fairly stable throughout the years. The years 1993 and 1998 stand out.

Histogram of mean values reveals the mean of the mean to be 11,45°C, and the histogram in figure
R.2 shows the standard deviation to be 90% around 2°C.

& Histogram and data statistics ﬂ
Select Bin Settings
SYsd
" Default i
11364% = £ Siman 7 @ s — Automatic
(s Lser 2 distribution
90,91% 1 From |T0 |Name % |\.-'alue |
— i i
Z en1m | St 1,20 (300 2 90,91 20
— B8,
E 3,10 9,09 =
T 4545% |
i S¥mean
22 73%
o . [r— + S¥sd
2 4
Data Statistics
Min: 1,20 Max: 5,10 Range: 3,90
Mean: 2,47 Median: 2,40 Paoinks: 22
Std, Dew: 0,71 Variance: 0,50 Mode: 2,47
Tokal: 54,30 RSD: 28,61
Print ‘ Close ‘ Export

Figure R.2 Histogram of standard deviation.
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R.2 Average monthly comparison

We take a look at average monthly day-degrees and average monthly 5°C duration.

& Owerlay Chart (C:\PatternFinder 1.0M1\Projects\SFPA\VD2\VD2_MO9.0DX)

< @& EE|LL = a2 N b= ® o
SFP - Owerlay chart - - CiPatternFinder 1.0 13Projects\SFEAWVD2VWD2_ MO9S 5 S kS S Hurber | <
1oo00 fo--1-- - F-- --{-- D R [ -]t fpEsoeo Date: 1.7.1988

A A ol S e W A N I _ i f3a0,.00 Time: 00:00:00
90,00 __ L S Y S - ,5,'32'3-'3'3 1 |MES,0RD%amean 99,67 Percent(%) |7
_i fp=oo00 z Mdaydegreemean| 355,11 DG(D*) 7

: f=zso00
" Feso00

85,00 FA S N 9.
&0,00 R S b

iy “TF=2a000
A | 22000
=
F 9800 _200'00%
E s000 |- 180,00 =
2 =
5 55,00 [ 150,00 =
=~ =
50,00 = | 140,00 =
45,00 : E - I L -: 12000
40,00 P . - IR T _: f1oooo
35,00 S L] | AL _ifEomo
. H . H H B Sl=i=Rulul
30,00 fd--c-romm oL R S BT TP .
H H H H H H . faooo
25,00 fo--roobomtes - Rl SRR CEE LT EEleh R
: : B H : : : H . | 20,00
G 18 oot N B s ot 1 -

jan.  feb. mar. apr. mal  jun. O, &0, sep. okt név. des

Measurement time: 1.1 1988 - 1.12.1988 I< = > =l

Figure R.3 Comparison of average Monthly day-degree and average Monthly -“ Over 5° threshold
relative duration”

There is a relatively good coherence between the two averaging values, compared to the yearly data.
Probably the 2001-2010 years play a dominant part.

R.3 Annual river temperature vs. Salmon smolt data

Now we compare the Seasonal yearly day-degree (D°) and the event based over 5°C yearly relative
duration (%) to the Salmon smolt Length-Weight index (cm g) data.

The day-degrees indicate the energy in the river.
The 5°C duration relates to the stretching of the warm summer periods over the years.

The LW-index value is an indication of Salmon smolt growth.

R3.1 Visual inspection

The seasonal values are all dated 28.06 and the relative duration values as well as the LW-index
values are dated 01.01. To clarify visual comparison, we use a time shifted start option so all points
start on 01.01.
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@ Overlay Chart (C:\PatternFinder 1.0M1\Projects\SFP\VD2\¥D2_MO15.0DX)
e EE|l @ AEE B[P o
5 # Mame Walue Unit Mumber | a
VD2 SFF - Overlay chart - - Ch\PatternFmder 1001\ Projects\ SFRAWD2WD2_WO 15 0D
4000 b E Date: 11,2003
38,00 Tirne: 00;00;00
500 5800 1| ES,OM_YRD% 39,10 Percent(%) 15
i o ? Stdaydegres | 565,7 DG(D®) 15
34,00 3 wieight 16,2 sight(g) |25
P . fs400
3000 Dot Fsoo0
| i 5
F 28,00 oo fso0p 3
7 : i
zsi0l b{as00 2 b
B 5
2 8 +as00 2
2200 ;
91 4400
20,00 L
T 4200
18,00 :
(8@m T Fa000
14,00 . fae0p
e —_— — (hamp El
1989 1990 1991 1992 1993 1994 1935 1936 1997 1995 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 | |
Measurement time: 1.1.1999 - 1.1.2010 b | | | B

Figure R.4 Comparison between Seasonal Yearly day-degree (Red), 5°C yearly duration (green) and
LW-index (brown)

There is some similarity between the day-degree and the 5° relative duration, especially after 2000.
However, as expected, they don’t go hand-in-hand, especially seasonal day-degrees in the year 1993
and 1998 stand out.

Comparing the LW-index against the duration and day-degree parameters, one must lean towards
the 5°C duration parameter.

R3.2 Correlation analysis.

By using the Correlation option in the Signal Operation menu two signals can be compared
periodically. In this case we select the whole signal (a single period).

D~
Subtract

P [y
Compare

Correlation

The main correlation result parameters are:
Pearson’s-r:  Linear correlation
Sperman’s-r:  Correlation not restricted to linearity

Correlation comparison reveals the following:

Covar Pearson’s r Spearman’s r
1) LW-Index vs. Seasonal-day-degrees 55 0,36 0,34
2) 5°C relative duration vs. Seasonal-day-degrees 113 0,45 0,42
3) LW-Index vs. 5°C relative duration 164 0,58 0,76
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The highest correlation, although not good, was number 3) LW-Index vs. 5°C relative duration.

Cross correlation was also computed and the best result there was also for 3), where a shift of one
year gave Covar = 149, Pearson’s-r = 0,62 and Sperman’s-r = 0,76 (as before)
Results for number 3) correlation analysis can be seen in figure R5.

@ Overlay Chart (C:\PatternFinder 1.0M1\Projects\SFP\VD2\VD2_MO23.0DX)

eREE|l -3 AWK B2 o

VD2.5FP - Overlay chart - - C:PatteraFinder 1.0M1\Projects\ SFPWD2WD2 MO23 ODI S i flame [Value____{Uni furberf = |
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390 oo L Date: 1.1.1989
380 L Tirne: 00:00:00
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60 |80 L Signal B 'sb 40 Lengthicmeg) 1
350 F170 L Covariance |Cov 164,05 |Arb.() 1
o F1eo L Pearson'sr ¢ 0,55 |Arb.i) 1
) | Spearman's tho p 0,77 [arb.) 1
=y :7150 L Nurnber of paints | # 21 Count() 1
2 3'145 Signal & High |sah Percent(%:)
3?31 o 3-130 § ] Signal B High |sbh Lengthicm g}
o e Time Shift Hich tsh | 91536000 Time(s) 1 |
% 29,0 ‘—11U § L Covariance High | Cavw H 149,51 |Arb.() 1
o 250 (= Pearsan's ¢ High r H 0,62 Arb.{) 1
7 p1ee || Spearmans rho High p H 0,76 irb.d) 1
26,00 if80 || Mumber of poirks Hig # H 21 |Count 1
25,0 | =) L Signal & Low sal Percent()
2400 3—?0 L Signal B Low sbl Lengthicm g}
230 i Fen || Time: Shift Low |tsl 410227200 | Time(s) 1
220 : L Covariance Low Cov L -61,62 Arb.() 1
21,0 = Pearson's r Low rL 0,89 | Arb.) 1
20,0 : : : : : : : : : : : : : : : : : : |40 : Spearman’s tho Low [p L -0,30 | Arb.) 1
19,0 ? H B B B B B | | | | | | B B B B B B | a0 L Mumber of points Low |# L 9 Count() 1 ﬂ
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Figure R.5 Correlation between. 5°C relative duration and LW-Index.

Figure R.5 shows the LW-index signal shifted one year which was the highest cross correlation.
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