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Effects of Persistent Flat-Line Segments in Wind Speed Time Series on Spectra
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Abstract Within the quality control (QC) procedures, this study reassesses the threshold of the
persistence test from the perspective of sub-daily timescale analysis, using 1-min mean wind-
speed time series from seven Automatic Weather System (AWS) sites in the Ulsan region in
2024. First, we performed preprocessing steps to prevent distortions in spectral analysis arising
from temporal discontinuities or nonphysical signals. Next, to quantify the impact of flat-line
segments on the spectrum, we randomly selected 21 out of 286 days with no missing values and
flat lines shorter than 5 min, and inserted and moved a 0 m s~ segment of varying length (6, 10,
15, 20, 30, 120, 240 min) within each time series. As a result, the spectral relative error
increased with segment length; in particular, the increase in error was markedly larger for 10~15
min than for 6~10 min. In the 240-min case, the largest error appeared at a timescale of about 8
h, and consistency with the spectrum of the original time series deteriorated substantially across
the entire frequency range. In addition, the longer the flat-line segment, the more the daily mean
wind speed was underestimated and the more the variance tended to be overestimated. These
results suggest that the 240-min threshold used in the KMA persistence test imposes limitations
on analyses at sub-daily timescales. Considering the need to minimize spectral and statistical
distortions, this study proposes 10 min as a realistic and physically sound threshold for the per-
sistence test applied to 1-min mean wind-speed data.
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Fig. 1. Maps of the Korean Peninsula (left) and the target region (right). The black rectangle in the left panel indicates the target
region, which is enlarged in the right topographic map. The locations of the seven Automatic Weather System (AWS) in the

mountainous region are shown with station names and numbers.

Table 1. Basic information on the seven AWS stations. The height represents the elevation above sea level.

Station name Station number Latitude [°] Longitude [] Height [mASL]

Sannae (SNA) 842 35.7576 129.011 170.66
Choengdo-Geumcheon (CGC) 848 35.6792 128.8953 104.4

Samdong (SAM) 854 35.4953 129.1357 166.84
Duseo (DUS) 900 35.6203 129.1436 117.49
Yangsan-Sangbuk (YSB) 905 35.4414 129.0429 83.57
Danjang (DAN) 922 35.4865 128.9291 138.03
Songbaek (SGB) 927 35.582 128.8837 126.74

Table 2. Basic information on wind observation instruments.
Type Six AWS stations Samdong

(excluding Samdong)

Sensor type (model)

3-cup anemometer (JS-WS2082)

Ultrasonic anemometer

Wind vane (JS-WT2081) (WMT?703)
Manufacturer JinsungENG (Korea) Vaisala (Finland)
Wind speed 1
Measurement range 0~75ms
Wind direction 0-360°
Measurement range
Operation temperature —40~60°C
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Table 3. Monthly summary of missing timestamps for the 1 min mean wind speed data at seven AWS stations in 2024. The
table reports the number of missing timestamps (i.e., time points absent from the record) for each month and station. Shaded
cells indicate the month in which each station records its maximum value among the 12 monthly values.

SI:ZE;H Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
SNA 2 9 2 1 3 2 2 (0.‘1‘3%) 2 (O.(l)f%) 2 3
CGC 0 (O.éi%) 1 1 2 1 1 2 3 (0.13555%) 2 5
SAM 1 (0'(.1);%) 0 1 1 0 (13’;;/0) 1 3 3 3 2
bus (O.;)g%) (0.531»%) 0 (0.3737“1%) 8 0 ! 0 3 2 ! 2
YsB ! (0.('1);%) (0.(1)5%) (0.32%) 2 0 ! 0 3 2 ! 2
DAN 0 (0.(;;%) @ .13421%) (0. ?g %) 2 0 ! 0 3 2 ! 2
SGB 0 (O.ég%) © .25?’/0) ! 3 2 (0.12151%) ! 3 (O.(l)Z%) 2 2

Table 4. Monthly summary of missing records for the 1 min mean wind speed data at seven AWS stations in 2024. The table
reports the total number of missing data points after the missing timestamps were inserted and their corresponding values were
filled as missing values to create a continuous dataset. Shaded cells indicate the month in which each station records its
maximum value among the 12 monthly values.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
name
409 18
SNA 2 9 2 1 3 2 2 (0.92%) 2 (0.04%) 2 3
12 155
CGC 0 (0.03%) 1 1 2 1 1 2 3 035%) 2 5
SAM 100 167 203 4 | 3 5,668 31 181 363 498 327
(0.22%) (0.40%) (0.45%) (12.70%) (0.07%) (0.42%) (0.81%) (1.15%) (0.73%)
3,167 32 334 165 917
DUS (7.09%) (0.08%) 0 (0.77%) 8 0 ! 0 (0.38%) 2 (2.12%) 2
YSB | 11 145 51 ) 395 116 1,123 758 148 259 65
(0.03%) (0.32%) (0.12%) (091%) (0.26%) (2.52%) (1.75%) (0.33%) (0.60%) (0.15%)
121 141 64 10 67
DAN 0 (0.29%) 1 (0.32%) (0.15%) (0.02%) 0 ! (0.15%) 3 2 ! 2
12 238 111 17
SGB 0 (0.03%) | (0.53%) ! 3 2 (0.25%) ! 3 (0.04%) 2 2
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Fig. 2. Time series of 1 min mean wind speed (top) and wind direction (bottom) at Yangsan-Sangbuk on 16 July 2024. The
wind speed record shows a flat-line sequence lasting 240 min with a minimum variation of 0 m s™', representing a case that
meets the KMA persistence test criterion (i.e., durations of up to 240 min are considered valid). In the wind direction record,
red markers indicate wind direction values when wind speed is below 0.5 m s~', and blue markers indicate cases where wind
speed is 0 m s™' but the reported wind direction is not ‘00’ (i.e., internally inconsistent records).
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Fig. 3. (top) Time series of 1 min wind speed observations at AWS Cheongdo-Guemcheon on 7 July 2024, and (bottom) the
corresponding discrete Fourier spectra. To assess the spectral sensitivity to the persistence test, an artificial 240 min flat-line
segment with wind speed fixed at 0 m s~ was inserted sequentially—one point at a time—throughout the entire 24 h record
(1440 points), so that every possible position of a flat-line of the same length was represented. The spectra were computed for
each realization, and the red line denotes the median spectrum, with the shaded area indicating the interquartile range (IQR).
The gray line (circles) represents the spectrum of the original observed data. The red time-series in upper panel is shown for

illustration only.
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Fig. 4. From the 2024 1 min mean wind speed dataset, 21 daily time series were assembled by randomly selecting three days
per station (seven stations in total) with no missing data and flat line segments shorter than 5 min. For each station, three daily
time series are shown: black lines denote 1 min mean wind speed, and red dashed lines indicate the daily mean wind speed.
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Fig. 5. Relative spectral error from artificially imposed flat-line intervals of 0 m s~

with durations of 6~240 min, applied to

selected AWS wind speed series in 2024. Days with no missing data and with flat-line segments shorter than 5 min were

chosen, and the segments were then sequentially inserted into the daily records. Errors were computed as

E() ~ E (/)
Ei(f)

, where

E(f) is the spectrum of the original series and E(f) is the spectrum after flat-line insertion.
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Table 5. Monthly summary of missing data points for the 1 min mean wind speed at seven AWS stations in 2024, after all
quality control procedures were applied, including timestamp reconstruction, internal consistency checks, and persistence (flat-line)
tests. The table lists the total number of missing records (upper row) and the corresponding missing rate (%) in parentheses for
each month. Shaded cells indicate the month in which each station records its maximum value among the 12 monthly values.

Station Jan. Feb Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Now. Dec.
name
SNA 863 742 394 1,026 352 171 95 1,183 860 652 1,084 347
1.93%) (1.78%) (0.88%) (2.38%) (0.79%) (0.40%) (0.21%) (2.65%) (1.99%) (1.46%) | (2.51%) (0.78%
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) | ( ) ( )
cGe 202 142 202 527 413 189 113 171 304 287 487 211
0.45%) (0.34%) (0.45%) (1.22%) (0.93%) (0.44%) (0.25%) (0.38%) (0.70%) (0.64%) | (1.13%) (0.47%
( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) | ( ) ( )
SAM 813 614 1,015 1,609 1,377 1,146 6,142 1,587 2,210 1,815 682 327
(1.82%) (1.47%) (227%) (3.72%) (3.08%) (2.65%) (13.76%) (3.56%) (5.12%) (4.07%) (1.58%) (0.73%)
DUS 13,721 470 793 2,111 1,423 1,199 422 1,139 5,608 4,459 5,450 166
(30.74%) (1.13%) (1.78%) (4.89%) (3.19%) (2.78%) (0.95%) (2.55%) (12.98%) (9.99%) (12.62%) (0.37%)
YSB 308 1,361 1,850 3,387 1,805 6,853 5,280 1,1208 10,651 9,142 8,555 4,638
(0.69%) (3.26%) (4.14%) (7.84%) (4.04%) (15.86%) (11.83%) [(25.11%) (24.66%) (20.48%) (19.80%) (10.39%)
DAN 2,276 1,750 1,457 1,777 899 1,421 1,121 1,971 774 601 1,001 800
. 0 . 0 - 0 . 0 o 0 o 0 5 0 ! 0 7 0 o 5 0 o 0 7 0
5.10%) (4.19%) (3.26%) (4.11%) (2.01%) (3.29%) (.51%) (4.42%) (1.79%) (1.35%) (2.32%) (1.79%)
SGB 108 41 290 185 155 701 437 250 423 194 168 42

024%) (0.10%) (0.65%) (0.43%) (0.35%) | (1.62%) (0.98%) (0.56%) (0.98%) (0.43%) (0.39%) (0.09%)

m s 2 ooyt oA Q) oz HEole s F A B g 43
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