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Improved Trend Estimation of Non—monotonic Time Series Through
Increased Homogeneity in Direction of Time-variation
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Abstract

In this paper, a hypothesis is tested that division of non-monotonic time series into monotonic parts
will improve the estimation of trends through increased homogeneity in direction of time-variation
using LOWESS smoothing and seasonal Kendall test. From the trend analysis of generated time
series and water temperature, discharge, air temperature and solar radiation of Lake Daechung, it is
shown that the hypothesis is supported by improved estimation of trends and slopes. Also,
characteristics in homogeneity variation of seasonal changes seems to be more clearly manifested as
homogeneity in direction of time-variation is increased. And this will help understand the effects of
human intervention on natural processes and seems to warrant more in-depth study on this subject.
The proposed method can be used for trend analysis to detect monotonic trends and it is expected to
improve understanding of long-term changes in natural environment.

keywords : Locally weighted regression smoothing, Trend analysis, Non-parametric statistics, Seasonal
Kendall test, Time series
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Fig. 1. Time series plot of total phosphorus recorded at the spring overturn in
Prospect Lake and Glen Lake (Regnier, 1998)
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Fig. 2. Estimation procedure to detect trends for non-monotonic time series
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Table 1. Statistics of seasonal Kendall test for generated time series

Homogeneit SEa;Oé];iw Seasonal-Kendall slope
Time series data 8 Y .. (a=0.05) Trend
statistics
X p Z D lower limit slope upper limit
Total 101 data | 0.164 | 0.983 | 0.000 | 1.000 -0.003 0.000 0.003 No trend
The Ist half | 001 | G908 | -9368| 0.000 | -0022 | -0020 | -ooig | Definite negative
of data trend
The 2nd half 1 011 | 0998 | 9.368| 0.000 0.020 0.018 0.022 Definite positive
of data trend
EAetx] Feths AT 1AEHN e 71ge 9 % sgez FAH ATHAAZ &, 19)).
000 Uekgk dhdel ¥k 517 ARe AR el EAlolge Ay %, B4 100, 24 26%
7= 93687 #stA F7hehe Aol e Ae=Z o 9 2%, AN7EAY 2 YA 1.7% AEelt) 1980l
Ehtom, p7h 000024 Aol B wEths oA 190K SoldEA SNl 20% sl

AR L 71ZtE e 71871 00182 YEFs T
AL Tl A 2 oupel Fo] vjghxz oz Wz}
sHe AlAEA o) tH3le] seasonal Kendall testE A
g3t Aae] A3
= v dxA
A0l Een,

.
oz AuH AR W Belshs Aol b

5
Fe & ot
4. 38 A 1&
[H¥s 2 2 QIXje| M 24

T AEHAAL 21%, HTEL B2ELm, HAFFEHE
237km, SFHTE 044, 9B GAT 00740t F99
A BaL 9o

]

3 AR 20% Z71ee B BARAY] aet At
Y= Ade] 7Pt s e Siti 8
H FE ZA 93], 2002).

1980 iAol AMEEA 24E UHdses A
2 64.3km, FAFEH oF 159 m(FHTAATAL,
olty, sty AFAIZE <o 02892 (HEE T,
1991) A-g-o] =il AFAIZro| BluA 71
AFZEA wid o5 Fgdsrt
(FHEAATY, 1998). ¥ =Fo e vz
o At glon SRR AN Aesta A
= 2 o] &S ATHE A1,
= PR FAN2002) oA
245 dd JdFAEAEE dAaE WEste o] g3}

23 dz 5 AR E V1R dHEEA
o]-&-a (714, 1990~2001). AE.9
A7 FeAtE st 7HEE 1990 129 E 2001
129714 12137 o]t} Table 20 AE &9 SAHZ &4
o] Arjwef glrt.

uch

Table 2. Summary statistics of time series data of Lake Daechung

= » f F 2 7 & Yz
- (cms) C) cC) (MJ/m)
Mean 80.3 16.1 12.86 401.6
Median 33.8 16.0 13.65 398.6
Skew 2.745 -0.014 -0.073 3.018E-4
Kurtosis 8.628 -1.344 -1.386 -1.077
Min 54 2.0 ~-25 158.9
Max 726.7 32.0 29.2 6479
1st Quartile 175 9.0 4.3 291.9
3rd Quartile 85.3 24.0 21.7 503.7
Std. Deviation 1155 8.2 95 125.1
Coef. of Variation 1.439 0.509 0.738 0.312
AFdgs 124 12 124 124
=474 g o4 a4 |44
23713 90~01 90~01 90~01 90~01
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Table 3. Statistics of seasonal Kendall test for total 12 years

Homogeneit Seasonal-Kendall Seasonal-Kendall slope
Time series data g Y statistics (a=0.05)
, , Trend
('90~'01) @ 7 lower slone upper
b p limit D limit
Water Cn
23.273 0.016 -1.117 0.264 -0.167 0.000 0.000 |No significant trend
temperature
Discharge 5.096 0.926 -0.653 0513 -1.629 -0.513 0.600 No definite trend
Air temperature | 7.467 0.760 -0.179 0.858 -0.067 0.000 0.052 No definite trend
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Table 4. Statistics of seasonal Kendall test for the data of increased homogeneity in direction of

time—variation

Homogeneit Seasonal~Kendall | Seasonal-Kendall slope
Time series e ¥ statistics (=0.05) Trend
data & 7 lower slone upper
b P it Pe | timit
Case 1A =\ 776 | 0703 | 2432 | 0015 | 0000 | 0500 | 1.000 Significant
90~'95 positive trend
Case 1B : ~ B ~ Significant
Water oy | B174 | 0698 | 2314 | 0021 | 0500 | -0250 | 0000 | i FC
temperature | Case 2A | o50 | gas | 3089 | 0002 | 0033 | 1250 | 2000 |Definite positive
90~'93 trend
Case 2B | coe | og9 | 4150 | 0000 | 0500 | -0.333 | -0.167 |Definite negative
94~'01 trend
Case 1A & | woor | 0829 | —2657 | 0008 | -10.673| -4200 | -1.074 |Definite negative
. 90~'95 trend
Discharge Case 1B - No significant
ase 1By 901 | 0372 | 0922 | 0357 | -4s882 | 1325 | 1149 | O SEMICAR
96~'01 trend
Case 1A : B B B No significant
Air s | 5419 | 0909 | 1013 | 0311 | -0300 | -0.083 | 0.080 N
temperature stﬁ}ejé: 8239 | 0692 | 0164 | 0870 | -0.132 | 0000 | 0.200 |No definite trend
Case 1A : Definite positive
9
Solar ogp | 8085 | 0710 | 3742 | 0000 | 7913 | 15910 | 22518 o
radiation C%zejgl' 3235 | 0987 | 0054 | 0957 | -8037 | 0607 | 10383 |No definite trend
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