CHAPTER 4

STATISTICAL ANALYSIS

In this chapter regression analysis is used instead of two-way analysis of
variance to analyze the hydrographic measurements. The advantage of regression
analysis is that it gives a more complete summary of the results including the
individual day effects and station effects, togéther with their standard errors. In the
two-way analysis of variance results a number of outliers were seen. In the results
reported in the present chapter, these outliers are removed before fitting the regression
models, giving more stable results. This chapter concludes with separate analyses of

the day and station effects, from which the temporal and spatial patterns are evident.

Regression analysis

Figure 25 shows the results from fitting the regression model to the
temperature readings. The p-value indicates significant differences between stations at
the 0.05 level (p=0.036). The highest temperature occurs in March and the lowest
oceurs in February. This contrasts with the result obtained from the two-way anova.
The difference is due to the fact that outliers are omitted in the regression analysis.

With the outliers omitted, the normality assumption is more reascnable.
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Figure 25: Linear regression analysis of temperature from Pattani Bay in 1995-96
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Figure 26 shows the linear regression analyses of salinity. As in the case of the
two-way anova, the p-value indicates significant differences between stations at the
0.05 level (p=0), the highest salinity occurs in June and the lowest occurs in

November. The normality assumption is valid, after omitting the outliers shown in

Figure 16.
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Figure 26: Linear regression analysis of salinity from Patiani Bay in 1993-96
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Figure 27 shows the lincar regression analyses of transparency. The p-value
indicates significant differences between stations at the 0.05 level (p=0). The highest
transparency occurs in June and the lowest occurs in November. The normal scores
plot shows that omitting the two outliers appearing in Figure 17 has validated the

normality assumption.
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Figure 27: Linear regression analysis of iransparency from Pattani Bay in 1995-96
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Figure 28 shows the linear regression analyses of alkalinity. The p-value
indicates significant differences between stations at the 0.05 level (p=0), the highest
alkalinity occurs in June and the lowest occurs in November. Again, the omission of

the outliers shown in Figure 18 gives a better approximation to normality.
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ligure 28: Linear regression analysis of alkalinity from Patiani Bay in 1995-96



28

Figure 29 shows the linear regression analyses of oxygen. The p-value
indicates significant differences between stations at the 0.05 level (p=0.0002). The
highest and lowest oxygen occurs in August. Omitting the single (low) outlier shown

in Figure 19 has clearly improved the normal scores plot.
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Figure 29: Linear regression analysis of oxygen from Pattani Bay in 1995-96
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Figure 30 show the linear regression analyses of pH. The p-value indicates
significant differences between stations at the 0.05 level (p=0). The highcest pH occurs
in March and the lowest occurs in November. Omitting the four low outliers shown in

Figure 20 improves the normat scores plot markedly.
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Figure 30: Linear regression analysis of pH from Pattani Bay in 1995-96
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Figure 31 show the linear regression analyses of log?2 (nitrite). The p-value
indicates significant differences between stations at the 0.05 level (p=0.00003). The
highest log2 (mtrite) occurs in August and the lowest occurs in March. Omitting the

outliers shown in Iigure 21 improves the normal scores plot.
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Figure 31: Liniear regression analysis of log2 (nitrite) from Paitani Bay in 1995-96
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Figure 32 shows the linear regression analyses of log? (nitrate). The p-value
indicates significant differences between stations at the 0.05 level (p=0.00043). The
highest log2 (nitrate) occurs in August and the lowest occurs in March. A single high

outlier has been omitted, based on the analyses shown in Figure 22.
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Figure 32; Linear regression analysis of log2 (nitrate) from Pattoni Bay in 19935-96
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Figure 33 shows the linear regression analyses of log2 (phosphate).
The p-value indicates significant differences between stations at the 0.05 level
(p=0.000065). The highest log2 (phosphate) occurs in July and the lowest occurs in
March. Omitting the three high outliers shown in Figure 23 improves the normal

scores plot.
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Figure 33: Linear regression analysis of log2(phosphate) from Pattani Bay
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Figure 34 shows the linear regression analyses of sqrt(silicate). The p-value
indicates significant differences between stations at the 0.05 level (p=0.00028). The
highest sqrt(silicate) occurs in July and the lowest occurs in March. The normality

assumption is valid, after omitting the cutliers shown in Figure 24.
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Figure 34: Linear regression analysis of sqri(silicate) from Pattani Bay in 1995-96
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Table 1 shows the day effects in the fitted models, using the Dato station as a
referent value. This table shows the seasonal variation in the hydrographic variables.
The cells containing the minimum and maximum values are shaded.

Table 1 also shows the day of variables that have minimum and maxtmum
value, so that the minimum and maximum value of temperature occurred in February
and March, salinity occurred in November and May, transparency occurred in
September and May, alkalinity occurred in November and June, oxygen occurred in
July and August, pH occurred in November and March, rﬁtrite occurred in March and
August, nitrate occurred in June and October, phosphate occurred in January and

June, silicate occurred in January and October,



Table 1. The predicted value of the hydrographic variables af Dato

35

Day | Date [Temp.| Sali. |Trans.| Alk. |Oxygen! pH | log2 | log2 | log?2 sqrt
(Nitri)] (nitra} | (phos)| (silicate)
76 Mar.17 28.3 71.9 | 609 |(8.36|-7.48 -10.94
88 |Mar 29¢ 300 | 25,5 | 72.5 | 108.1 8.50 -4.62
108 (Apr. 18} 31.9 | 253 | 60.7 |1100| 509 |8.52|-657
122 May2 | 31.0 | 26.8 | 8261 108.5| 472 |838
151 May31i 312|248 | 622 |109.6| 471 |858|-749-787{-792
165 (Jun. 14 | 303 | 21.9 | 55.1 | 100.5| 485 |B.64|-8.61
178 |Jun.27 { 30.5 | 198 | 502 |1024| 438 |833;-6931-526]-539 0.79
201 |Jul. 20 | 308 | 193 | 43.5] 91.8 -6.10 -60.88 0.71
213 jAug. 1 [ 30,0 | 177 1 489 [ 95.0 -6.65(-590(-497| 0.79
229 |Aug. 17| 293 | 1491376 | 783 | 6.73 822|-645|-574|-434| 0.67
241 |Aug. 29| 28.1 | 10.1 | 485 | 75.0 | 7.25 -4.69| 1.04
263 |Sept. 20| 308 | 9.8 702 | 7.32 |[8.11 -6.08:: -6.01 |-487] 069
303 |Oct. 30| 305|158 ({4661 648 | 661 |8.14]|-735 | -4.65
321 [Nov. 17| 26.7 6.59 -5.73 (-434 | 426 0.43
333 [Nov. 29 296 | 41 | 508 | 4273 568 [848|-597|-477]-550 0.39
348 |Dec. 14| 274 | 101 | 763 | 636 | 803 (853|-809|-708]-754 0.72
369 |lan 4 277 96 | 469 | 597 ¢ 675 |831|-7.55|-6.65
382 |Jan 17 | 28,7 | 198 | 636 | 85.1 781 [8.22(-904|-575]-7.23 0.55
402 |Feb. 6 281 | 664 964 | 667 |820|-865|-588-699| 062
431 {Mar. 7 | 29.5 | 26.0 | 633 1059 6.07 |8.65(-9.55]-5431-6.73 1.02
445 Mar. 21 268 | 676 {1085} 5.86 -7.45 1.12
472 |Apr. 27 273 | 698 1968 | 644 -8.37 | -8.01 1.12
485 |[May 10 251 | 544 1 933 | 735 [8.19]-949 —6.06 -6.74 0.76
493  |May 18 : 1004 775 18.46]-9.63 -6.25|-7.83 0.65
507 |Jun. 1 30.0 | 19.5 743 18.501-9.33]-525]-4.65 0.77
Range | 6.9 | 30.9 | 55.2 | 78.9 | 3.94 [115] 4.99 | 539 | 7.18 0.94
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Table 2 shows the variations between the station at the various locations in the

Bay, expressed differences from the referent values at Dato shown in Table 1.

Table 2: Spatial variation in hydrographic variables on January 4, 1996

(From Dato)
Station Temp. | Salin. | Trans. | Atk. O3 pH | log2 | log2 | log2 | sqrt
(nitri.) | {nitra.){(phos.)| (silic.)
Dato 831 | -7.58 | -6.65 |-10.07| 0.35
Yaring River 0111 033 | 082 002 | 0.05
Bay Centre -0.12 | -0.40 | -0.06 0.05
Parae 0.06 -0.32 ) 0.09 | 0.06
Cockle Bed| -0.5 0.8 0.4 -13 | 0.10 | -0.01 { <016 | 0.02 | -0.17 | -0.03
Tunyong Lulo -0.03 | -0.16 -0.05 1 -0.02
PSU 0.14 | -0.11 | 0.14 | 0.06 | -0.01
" Talo Samilae] 06 | 2.5 | -55 | 11.5 | 0.51 | 0.02 | -0.39 | -0.10 | -0.16
Laem Nok| -0.1 38 {-150{( 27 |-006|-007| 044 | 019 | 0.53
Industry; -0.2 14 {-172 | -3.0
Barn Num{ -0.8 4.1 12.4 20 | -014]-005| 024 | 008 | -0.14 ] 0.03
Budy -0.5 3.5 -6.3 42 | -048 | -0.15| 027 | -005 | 037 | 0.03
Pattani River{ -0.4 1.9 021 | -022 | 041 } 009 | 032 | -0.0t
Ban Nal -0.3 4.0 0.44 -0.17 1 004  0.12 | -0.01
range| 1.0 10,9 | 43.0 | 24.1 | 157 | 041 | 1.67 | 1.70 | 1.70 | 0.21

Table 2 shows that extreme values for six variables (minimum values for

oxygen and pH, and maximum values for nitrite, nitrate, phosphate and silicate) occur

at the Industry location. Transparency also reaches a low value on occasion at this

site.



Figure 35 shows how the temperature predicted by the model varies over the
course of time and from location to location. Clearly, the variation over time is much
greater than the variation between locations in the Bay. The pattern of variation over
time is fairly smooth with the exception of three occasions. On days 263 (September
20, 1993), 303 (October 30, 1995) and 333 (November 29, 1995) unusually high
temperatures were recorded, while on day 402 (February 6, 1996) unusually low
temperatures were recorded. Not surprisingly, the peak temperatures occurred during

summer on days 108 (April 18, 1995) and 445 (March 21, 1996).
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Figure 33: The variation of temperature from Patiani Bay in 1995-96
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Figure 36 shows how the salinity predicted by the model varies over the
course of time and from location to location. Clearly, the variation over time is much
greater than the variation between locations in the Bay. The pattern of variation over
time is fairly smooth with one or two exceptions. On days 303 (October 30, 1995) and
493 (May 8, 1996) unusually high salinity were recorded, while on day 321

(November 17, 1995) unusually low salinity was recorded.
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Figure 36: The variation of salinity from Pattani Bay in 1996-96



Figure 37 shows how the transparency predicted by the model varies over the
course of time and from location to location. In this case, the variation over time is
comparable with the vanation between locations in the Bay. The pattern of variation
over time is fairly smooth with one or two exception. On days 122 (May 2,1995) and

348 (December 30, 1995) unusually high transparency were recorded.
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Figure 37: The variation of ransparency from Pattani Bay in 1995-96
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Figure 38 shows how the alkalinity predicted by the model varies over the
course of time and from location to location. Clearly, the variation over time is much
greater than the variation between locations in the Bay. The pattern of variation over

time is fairly smooth with a few exceptions.
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Figure 38: The variation of alkalinity from Pattani Bay in 1995-96
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Figure 39 shows how the oxygen predicted by the model varies over the
course of time and from location to location. Clearly, the variation over time is much
greater than the variation between locations in the Bay. The variation over time is

irregular, and not easily accounted for by a seasonal pattern.
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Figure 39: The variation of oxygen from Pattani Bay in 1995-96
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Figure 40 shows how the pH predicted by the model varies over the course of
time and from location to location. Clearly, the variation over time is much greater
than the variation between locations in the Bay. The pattern of variation over time is

fairly irregular, with unusually low readings on day 321(November 17, 1995).
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Figure 40: The variation of pH from Pattani Bay in 1995-96



time and from location to location. Clearly, the variation over time is much greater

Figure 41 shows how the log?2 (nitrite) the model varies over the course of

43

than the variation between locations in the Bay. The pattern of variation over time is

relatively smooth.
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Figure 41:

The variation of log2(nitrite) from Pattani Bay in 1995-96
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Figure 42 shows how the log2 (nitrate) predicted by the model varies over the
course of time and from location to location. Clearly, the variation over time is much
greater than the variation between locations in the Bay. The pattern of variation over
time is irregular, with low readings in days 165 (June 14, 1995) and 472 (April 27,
1996).
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Figure 43 shows how the log2(phosphate) predicted by the mode! varies over
the course of time and from location to location. Clearly, the variation over time is
much greater than the variation between locations in the Bay. The pattern of variation

over time is fairly smooth with some exceptions.
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Figure 44 shows how the sqrt(silicate) predicted by the model varies over the

course of time and from location to location. Clearly, the variation over time is much

greater than the variation between locations in the Bay. The pattern of variation over

time 1s quite irregular, and these are no clear evidence of any seasonal pattern.

Minimum (Cockle Bed) and maximum (Industry)

T T 1 ¢ rr o1 rrrrrrrr 1 17 1771 11 T1T¢%

| Y N TN OO SN AN N N Y TN NN N N N O OO [N N SO N I A

0.5

1
sqrt{Silicate)}

—
[4)]

Dato

Yaring River
Bay Centre
Parae
Cockle Bed
T Lula

psu

T Samilae
Laem Nok
Industry
Barmn Num
Budi
Pattani River
Ban Na

‘Minimum (4 January) and maximum (30 October)

T

T

T

0.5

1
sqrt(Silicate) in part per million (ppm.)

1.5

Figure 44 the variation of sqrifsilicate) from Pattari Bay in 1993-96



