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Quantitative Assessment of Mutual Representativeness between Collocated
Meteorological Towers at a Nuclear Facility Site: A Comparative Observation
of the Main and Temporary Towers at the HANARO Site
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Abstract Meteorological observation at a nuclear facility supports its safety assessment. As a
tower ages it must be replaced, inevitably interrupting the record. A temporary tower covers the
interruption; substituting it requires a criterion for homogeneity with the existing record. Regula-
tions and standards prescribe instrument accuracies and siting conditions, but not the agreement
required between two towers. To judge equivalence, we compared one month (June 2026) of
paired 10-min observations from two towers 15 m apart at HANARO. At the element level, an
allowable difference was formed by combining instrument uncertainty with siting-class repre-
sentativeness uncertainty. Conformity, regression, offsets, and condition dependence were then
examined for each variable. At the application-input level, the joint frequency distribution (JFD)
feeding dispersion assessment was compared by the Perkins skill score (PSS). The acceptance
line came from Monte Carlo propagation of allowable instrument errors (JCGM 101). Mutual
representativeness was strongly supported at 67 and 27 m (conformity 82.3-98.0%; stability
within +1 class 95.1%), and 10-m temperature and wind speed stayed within the allowable dif-
ference. Observed PSS exceeded the acceptance line at every height. At 10 m a spatial compo-
nent beyond instrument noise remained, but it is acceptable for the canopy environment of the
site. Within June 2026 and the dispersion-input level examined, the towers were equivalent.
Because these limits are rebuilt from site-specific specifications, the procedure should be useful
at other sites facing tower replacement, though validated at one site.
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Fig. 1. Workflow of the two-level substitutability assessment. At the element level (Sec. 2.3), an observational uncertainty floor
is built from the instrument uncertainty (/2 x WMO accuracy, GUM) combined with the siting-class representativeness
uncertainty, and the two towers are compared along four axes. At the application-input level (Sec. 2.4), the joint frequency
distribution (JFD) is compared by the Perkins skill score (PSS) against a Monte Carlo acceptance line (JCGM 101; S1 all-
random, S2 all-systematic), with a permutation null used descriptively. The final judgment attributes any difference beyond the
allowable instrument error to the spatial component.
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Fig. 2. Schematic layout (not to scale) of the main and
temporary meteorological towers at the HANARO site. Both
towers observe wind and temperature at 67, 27, and 10 m, and
atmospheric stability (StDT) is derived from the 67-10 m
temperature difference following the regulatory practice for
nuclear sites (lower level at 10 m and upper level corresponding
to the release height). The towers are approximately 15 m
apart and surrounded by a tree canopy of about 7.7-9.4 m.
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Table 1. Observation systems of the two towers at the HANARO site.

Item Main tower

Temporary tower

Location North side of the site

South side of the site (%15 m apart)

Observation heights 67,27, 10 m

67,27,10 m

Sensor (all heights)
weather sensor

Lufft WS500-UMB compact

Lufft WS500-UMB compact
weather sensor

Wind measurement Ultrasonic

same

Temperature measurement

NTC in ventilated housing

same

Data logger / averaging

Campbell Scientific CR1000X /10-min mean same

Verification / calibration

KMA instrument verification (valid); periodic same

multi-point calibration per KINS/RG-N01.03
(incl. AT pair correction to +0.1°C)

Stability (StDT)

AT between 67 and 10 m, 7 classes same

Table 2. Atmospheric stability classification by the vertical temperature gradient (AT/Az between 67 and 10 m), identical to the
regulatory classification for dispersion assessment (U.S. NRC, 2007; KINS, 2024).

Class (StDT) Pasquill category

Stability AT/Az (°C/100 m)

1 A
2 B
3 C
4 D
5 E
6 F
7 G

Extremely unstable
Moderately unstable
Slightly unstable
Neutral

Slightly stable
Moderately stable
Extremely stable

AT/Az<-1.9

-1.9 <AT/Az<-1.7
-1.7<AT/Az<-1.5
-1.5 <AT/Az<-0.5
—0.5 <AT/Az<+1.5
+1.5 <AT/Az < +4.0
AT/Az > +4.0

g=717483 7] #136d 35 (2026)
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Fig. 3. Mean vertical profiles at the two towers during June 2026: (a) wind speed by stability group (unstable, classes 1-3;
neutral, class 4; stable, classes 5-7; circles with solid lines, main tower; squares with dashed lines, temporary tower) and (b)
temperature (mean + standard deviation). The shaded band marks the canopy-top range (7.7-9.4 m) derived from the site

roughness length; note the logarithmic height axis.
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Table 3. Observational uncertainty floors by element, following Eqs. (2) and (4). The instrument floor F is /2 times the WMO
operational measurement uncertainty taken as the tolerance; at 10 m the representativeness uncertainty F,, adopted from siting
class 3, is combined in quadrature to give the composite floor F. U denotes the pairwise mean wind speed of the two towers (m

s™).
Element WMO accuracy Instrument floor F, 10 m F; 10 m composite floor F
Wind speed (<5 m's™) 0.5ms" £0.71 ms" 50% of speed + /[0'712 +(0.50U)7]
Wind speed (>5 m s™') 10% +14% 50% of speed ~ +0.52U
Wind direction 5° +7.1° not quantified +7.1°
Temperature 0.2°C +0.28°C 1°Cc +1.04°C

Table 4. Decision thresholds for the element-level assessment (set a priori).

Metric Strong support Conditional Limited
Conformity (JA] < floor) > 90% 75-90% <75%
Regression slope 0.9-1.1 0.8-1.2 otherwise
Coefficient of determination R* >0.95 0.80-0.95 <0.80
Residual SD (offset removed) < floor <2 x floor > 2 x floor
Stability agreement (+1 class) > 90% 80-90% < 80%
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Table S. Wind-speed classes of the joint frequency distribution (JFD), following the regulatory format for atmospheric
dispersion assessment (ANSI/ANS, 1984; KINS, 2024). The JFD is composed of 16 wind-direction sectors (22.5° each), the 12
wind-speed classes listed here, and the 7 stability classes of Table 2; calm (wind speed < 0.22 m s™') is counted separately by
stability class. The low-speed range is finely divided in accordance with the regulatory wind-speed classes.

Class Wind speed (m s™) Class Wind speed (m s™)
1 0.22-0.5 7 3-5
2 0.5-0.75 8 5-7
3 0.75-1 9 7-10
4 1-1.5 10 10-13
5 1.5-2 11 13-18
6 2-3 12 > 18
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Fig. 4. One-to-one comparisons of the two towers at 67, 27, and 10 m (top to bottom), June 2026: (left) wind speed and (center)
temperature scatter plots with the 1:1 line (black dashed), least-squares fit (red), and regression statistics; (right) wind-direction
difference distributions for non-calm pairs (pairwise mean wind speed > 0.22 m s™') with the instrument floor of +7.1° (red

dashed).
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Fig. 5. Confusion matrix of the stability classes (StDT,
classes 1-7) derived at the two towers (numbers, pair counts;
shading, percent of all pairs). The dashed line marks exact
agreement.
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Table 6. Summary of the element-level assessment against the thresholds in Table 4.

Element (height) Conformity® (%)  Slope /R*  Mean offset Assessment

Wind speed, 67 m 97.7 0.965/0.974 —0.08ms' Strong support

Wind speed, 27 m 98.0 0.965/0.940 —0.06 ms™  Strong support (R* marginal)

Wind speed, 10 m 97.9° 0.465/0.472 —0.10ms™  Magnitude within floor; weak co-tracking
attributed to canopy-driven spatial variability

Wind direction, 67 m 92.8 0.984¢ — Strong support

Wind direction, 27 m 82.3 0.982°¢ MAE 4.8°  Conditional; sector distribution agrees

Wind direction, 10 m 38.5¢ 0.720° MAE 13.2° Limited for instantaneous angles; same
prevailing direction with local scatter

Temperature, 67 m 96.4 1.019/0.997 -0.03°C Strong support

Temperature, 27 m 92.0° 1.010/0.997 -0.35°C Static microenvironment offset; strong support
after offset removal

Temperature, 10 m 99.8" 1.021/0.997 —-0.05°C Strong support

Stability (StDT) 95.1" — —0.003 class Practically identical classes

*Fraction of pairs within the floors of Table 3 (instrument floor unless noted). *Composite floor including the
representativeness uncertainty adopted from siting class 3. “Sector-frequency correlation (16 sectors, non-calm). “Instrument
floor only (strict side; representativeness of wind direction is not quantified). “After removing the static offset. ‘Within +1

class (exact agreement 78.3%).
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Table 7. Observed PSS of the two-tower JFDs and Monte Carlo acceptance criteria (June 2026, n = 4,320 pairs; N = 200,000
Monte Carlo trials). S1: all-random instrument error; S2: all-systematic instrument error (acceptance line = 5th percentile);
permutation: label-reassignment null distribution (descriptive).

Height Observed PSS S1 5th pet S2 5th pct / median Permutation 5th pct Gap from S1
67 m 0.814 0.826 0.610/ 0.757 0.846 0.011
27 m 0.806 0.826 0.522/0.727 0.841 0.019
10 m 0.709 0.859 0.138 / 0.501 0.865 0.150
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e R —_— =
0.8 - 0.814 == 0.806 %
B 0.709 ——p———
2
& 0.6 1 -
& =
= =
3
a 0.4 1
=]
-‘- Observed (Main vs Temp)
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Fig. 6. Observed PSS of the two-tower joint frequency distributions (JFDs) at three heights, compared with Monte Carlo
acceptance criteria derived by propagating allowable instrument errors (JCGM 101, N = 200,000): all-random (S1) and all-
systematic (S2) scenarios, and the permutation null distribution (descriptive). Boxes span the 5th to 95th percentiles of each
Monte Carlo distribution and horizontal bars mark the medians. Black markers give the acceptance line, the 5th percentile of
S2, with its bootstrap 95% confidence interval; the interval is narrower than 0.002 and therefore smaller than the marker.
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Fig. 7. JFDs (stability-integrated wind-speed class x sector, %) of the main (left) and temporary (center) towers and their
difference (right; Temp — Main) at 67, 27, and 10 m, June 2026. Calm fractions are annotated in the Main and Temp panels.
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Appendix

R
Yolmz AL Fo| % ujel 47Hdo] Hrh2.34),
F, — 717] vpetd, 2 Al A ool gl

FEEe 72 F, = 2 aolt2()]. 7171 &&7t
S&FAE A ArolE 7 ' Aol of 91%7}
o] <¢koll ETHA(3)].

F, — 34 B3%. F AHo] ZHoz thE ¢
Agte A ox AEoR, A5 1=E
2 AN F7F B3oA Fojdth(2.37).

F — &= B3% g, & ARS A Aga

o= 48 F = J[FT +Flolm, 2.4 e Table
30 ATA ()]

g=717483 7] #136d 35 (2026)

oto1
JFD (joint frequency distribution) — AZRI =&
AE, 5 A4, 3F 4999 AFNNE=, oy
Hrtel 717 dge] Hrh2.44, Table 5).
PSS (Perkins skill score) — & SER L/ AX= 4
T8 Ale AXE F X9 7 A Z & FE
S BF ¢% PSS = T min(p, q)°]™, 1o]H ¢4 &
2| o]tH2.47).
SIDT — <17 7] 24pol| o9& 7|8 =E 5+. 67 m
o} 10 me] 71225 71 20E AT/AZE 31 765
°2 BFITH2.1%, Table 2).
S1, S2 — EHFEE 3PS vi= ko3 )
SIS #Z At} 238 5Yo g FE5e A-F
219, 2= gwith g i) AFE ol A HS
17 Hgshs d-Ago|th2.4%).
7Q — BiEx. bt g @
T 7 T FEO|ItH2.44).
MAE (mean absolute error) — B At} F32] 7
TA A71E 2978 w) &th3.14, Table 6).
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