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Abstract The ocean is a crucial area for future economic development. The marine environ-
ment has high energy-efficient and ecological requirements for building construction. Meteo-
rological parameters are the key basis for the analysis and design of building energy efficiency.
The lack of meteorological parameters for energy efficiency, particularly hourly data, under
oceanic climatic conditions is a universal problem. The appropriate calculation methods of
hourly meteorological parameters under oceanic climatic conditions are explored in this study.
The impact of the calculation errors of the hourly meteorological parameters on building en-
ergy consumption is also analyzed. Three key meteorological parameters are selected: tem-
perature, humidity, and wind speed. Five hourly calculations methods, including linear
interpolation, cubic spline interpolation, pieceated three-Hermite interpolation, Akima inter-
polation, and radial basis function interpolation, are selected to calculate the error of the dif-
ference method, with Xiamen, Haikou, and Sanya as the locations of meteorological research.
Appropriate interpolation methods are selected for the three parameters, and the seasonal
and regional characteristics of the errors of each parameter are compared. Different interpo-
lation methods should be selected for different meteorological parameters in different sea-
sons. The error data of the three parameters of different magnitudes are constructed. A
quantitative relationship between the sum of squares due to error of the three meteorological
parameters and the rate of change of cooling energy consumption is established. The hourly
calculation errors of meteorological parameters have an important impact on the calculation
of dynamic energy consumption. The energy consumption differences caused by the errors of
different parameters are significant. Obvious regional and seasonal differences also exist. This
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research strengthens the research foundation of building energy consumption calculation un-
der oceanic climate conditions.
ª 2022 Higher Education Press Limited Company. Publishing services by Elsevier B.V. on behalf
of KeAi Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Meteorological parameters are the key elements for
developing the calculation and design of building energy
efficiency. They are indispensable in the data input for the
calculation of the dynamic building energy consumption
simulation. The reliability of simulation results largely de-
pends on the accuracy of meteorological data, particularly
hourly data (Li and Yao, 2012; Pieter, 2018). The 21st
century is the century of the ocean. Therefore, island
construction has become the focal point of ocean devel-
opment. The energy-saving meteorological parameters of
islands have become increasingly important with the
continuous acceleration of the development and construc-
tion of low-energy buildings on islands. However, the lack
of meteorological parameters measured on islands,
including low- and high-resolution data, is a major concern.
China has vast access to the sea; however, only a few
meteorological observatories exist, and the time dedicated
to meteorological monitoring is minimal (Wang et al.,
2009). The weather data measured hourly are also partic-
ularly scarce (Han et al., 2021). The analysis of high-
resolution data offers a great chance to understand well
the nature of data variability, behaviors, and trends; it also
helps detect small changes (Pincetl et al., 2016). The high-
resolution meteorological parameters are particularly
needed for the development of building energy efficiency
calculation and for dynamic simulations. In many instances,
high-resolution climatic data are incomplete or completely
missing (Yozgatligil, 2013).

Studies concerning the development of building energy
efficiency require complete time series data. In the case of
missing data, imputation must be undertaken. The effective
handling ofmissing observations of fine-resolution datawould
guarantee a precise estimation of parameters, thereby
improving the decision-making process (Afrifa et al., 2020). In
addition, the oceanic climate is considerably different from
the continental climate; therefore, the study of the hourly
calculation method of meteorological parameters in marine
climate conditions has a vital role in furthering the research of
building energy efficiency on islands.

The hourly calculation method of meteorological pa-
rameters has attracted much attention from researchers.
The classical autoregressive integrated moving average
(ARIMA) and seasonal ARIMA models were applied to the
imputation of missing data in univariate time series (Yodah
et al., 2013). Bayesian multiple linear regression and dy-
namic regression models are well-known modeling tech-
niques for the hourly calculation of meteorological
parameters (Van and Groothuis, 2011). The model with
Kalman smoothing, an ARIMA model with Kalman smooth-
ing, and the multiple linear regression model were
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discussed (Afrifa et al., 2020). The studied models
demonstrate suitability in imputing hourly temperature,
humidity, and wind speed missing data. The performance of
the models varies across different locations. A multivariate
statistical interpolation method for optimal averaging of
incomplete climatological data was presented (Gebhardt
et al., 2000). Compared with the univariate optimal inter-
polation, the multivariate statistical interpolation method
can remarkably reduce the analysis error variance. The
method for missing data reconstruction based on the
empirical orthogonal function (EOF) decomposition was
applied to analyze the sea surface temperature of the
Adriatic Sea (Alvera et al., 2005). The EOF method reduces
the process of data computation by nearly 30 times. The
smoothing functions can extract the signals from the time
series and be jointly modeled with the state-space repre-
sentation of time series models for prediction and impu-
tation purposes (Moritz and Bartz, 2015).

The hourly meteorological parameters are the basis for
the dynamic energy consumption simulation. Thus, their
calculation accuracy has an important impact on the
simulation results. However, the current research regarding
meteorological parameters and building energy consump-
tion mainly focuses on the role of different meteorological
parameters in building energy consumption. Studies
exploring the transmission law of energy consumption error
caused by errors in meteorological parameter calculation
are only a few. The impact of the meteorological factors on
the energy consumption of high-rise office buildings in Hong
Kong was comprehensively analyzed (Ma and Yu, 2020). The
spatiotemporal inaccuracies of TMY-based simulations were
discussed in error analysis and compared with those using
actual meteorological data. Liu et al. (2017b) studied the
relationship between meteorological data and urban heat
islands. They found that the dry-bulb temperature in urban
areas is increased by 1e2 �C, whereas the energy con-
sumption prediction increases from 3.25% to 11%. Lupato
and Manzan (2019) compared the old and the new ver-
sions of Italian Thermo-technical Committee weather data
for energy building simulation. They concluded that build-
ing performance is highly affected by the choice of the
weather dataset. The differences were illustrated using
heating and cooling performance indicators.

The hourly calculation model of meteorological param-
eters has already produced relatively mature research re-
sults. However, research aiming to develop building energy
efficiency and studies on the climate of ocean islands
remain lacking. The present study aims to explore the po-
tential of building energy conservation. Air temperature,
relative humidity, and wind speed were selected as the
analyzed parameters, given that they are the key meteo-
rological parameters that affect building energy
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consumption. Five hourly calculations methods were
selected: linear interpolation, cubic spline interpolation,
pieceated three-Hermite interpolation, Akima interpola-
tion, and radial basis function (RBF) interpolation. The
error comparison analysis of the five hourly calculation
methods in winter and summer was conducted using the
meteorological parameters of three coastal cities: Xiamen,
Haikou, and Sanya. Then, the data with different error
levels were constructed in accordance with the error levels
of the three meteorological parameters. Dynamic energy
consumption simulation was used to analyze the mecha-
nism that influences the calculation error rate of hourly
meteorological parameters affecting building energy con-
sumption in ocean climate conditions.

2. Methodology

2.1. Method of hourly interpolation

Air temperature, relative humidity, and wind speed, the
main meteorological parameters affecting building energy
consumption, are crucial for dynamic energy consumption
simulation (Liu et al., 2017a). The effect of solar radiation
on energy consumption is very important. Solar radiation is
the main factor for the formation of meteorological pa-
rameters, such as temperature and relative humidity. It
can directly influence building energy consumption by
affecting parameters such as temperature and humidity.
The hourly interpolation method of solar radiation is quite
different from that of other parameters. Hence, solar ra-
diation is not chosen in this study. The three parameters
have similar time-lapse methods. Thus, linear interpola-
tion, cubic spline interpolation, piecewise cubic Hermite
interpolation, Akima interpolation, and RBF interpolation
are used in comparing the effectiveness of temperature,
relative humidity, and wind speed to study the hourly
method of meteorological parameters under marine
climate conditions.

Linear interpolation refers to an interpolation method in
which the interpolation function is a polynomial of the first
degree, and the interpolation error on the interpolation
node is zero (Ali and Mazyar, 2018). Compared with other
interpolation methods, linear interpolation exhibits good
stability, guarantees convergence, and is easy to imple-
ment. Linear interpolation is widely utilized in collecting
meteorological data because it can be used as an approxi-
mate replacement for the original function.

Cubic spline interpolation is an ideal interpolation
method, because it can interpolate various meteorological
parameters while achieving accurate interpolation results
(Ali and Mazyar, 2018). The cubic spline interpolation
method divides the interpolation interval into several sub-
intervals, focusing on the monotonicity and concavity of
each interval function. Hence, it has the best approxima-
tion and optimal convergence. As a result, the interpolation
curve is smooth, and the interpolation effect of the
meteorological data is good.

The piecewise cubic Hermite interpolation curve is
continuous at the node; however, the interpolation curve is
not as smooth as the case with the cubic spline curve
because the continuity of the second derivative is not
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considered (Alexandru, 2012). Cubic spline interpolation
can obtain accurate results if the collected data are
composed of smoothing function values. For unsmooth
data, piecewise cubic Hermite interpolation has the ad-
vantages of having no overshoot and minimal oscillation.
Given the climate differences, meteorological data may
have no obvious consistencies and are prone to mutation.
Therefore, the piecewise cubic Hermite interpolation
method may achieve good interpolation results. On this
account, this method is selected as one of the time-lapse
methods for this study to investigate its applicability
under marine climate conditions.

Akima interpolation (Jain and Flannigan, 2017) is
approximated by cubic polynomial function in each subin-
terval. The derivative value of the intermediate point is
calculated using the intermediate point and two points
before and after the intermediate point, that is, five data
points. Akima interpolation is a first-order smooth local
interpolation method, which ensures that the first-order
derivative is continuous while using only a part of the
adjacent data. The smoothness, shape preservation, and
immunity of the interpolation curve are better than those
of the cubic spline interpolation.

RBF interpolation (Eldrandaly and Abu-Zaid, 2011; Rocha
and Dias, 2019) is an interpolation method based on an RBF,
which describes the localization characteristics of data “by
introducing kernel function.” RBF is a type of special basis
function. The most commonly used basis function is the
“Gorsky function.” RBF interpolation is often applied to the
spatial interpolation of meteorological data, and good
interpolation results are usually obtained. In this study, RBF
interpolation is applied to the interpolation of one-
dimensional meteorological data, and its applicability is
studied.

2.2. Error analysis method

The following two error evaluation indices are used to
compare the applicability of each interpolation method:

1) The formula for calculating the sum of squares due to
error (SSE) is as follows:

SSEZ
Xn

ðbyi � yiÞ2 ð1Þ

iZ1

2) The determination coefficient R2 (R-Squared) is calcu-
lated as follows:

Pn ðbyi � yiÞ2

R2Z1� iPn

i

ðyi � yiÞ2
ð2Þ

In Formulas (1) and (2), yi is the I real value, byi is the I
predicted value, and n is the total number of samples.

SSE calculates the sum of squares of the residual of the
corresponding points between the predicted data and the
standard data. The numerical value depends on the



Table 1 Specific information of experimental data.

Date Time (step/h) Meteorological parameters

Winter: 1:00 on January 17e24:00 on January 23 1 Temperature (�C), relative humidity (%),
wind speed (m$s�1)Summer: 1:00 on July 20e24:00 on July 26 1

Fig. 1 Comparison of monthly mean temperature for three
cities.
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calculated data of the model itself. The smaller the nu-
merical value is, the more accurate the prediction result of
the model is. If the RMSE is used to represent the relative
error of the parameter calculation, the RMSE of a param-
eter in this study ranges from 0.49 to 0.8, whereas the SSE
ranges from 5.8 to 15.5. The error range represented by SSE
is large. An extensive error range is convenient for
analyzing the differences between various interpolation
calculation methods. SSE has simple calculation, simple
data processing, and reduced operation steps, ensuring
data accuracy to a certain extent.

The range of SSE calculation has no limit. Thus, the
determination coefficient R2 is added to evaluate further
the goodness of fit of the model and obtain accurate
evaluation results. The combination of the two evaluation
indices shows the deviation between the real value and the
predicted value, analyzes how suitable the real value and
the predicted value are, and compares the errors occurring
between different dimensional meteorological parameters.

2.3. Data sources and analysis sites

The data source of this study is the meteorological
parameter set generated by Meteonorm software, including
timed data for calculation and standard hourly data for
comparison. The data of the Meteonorm software come
from the Meteonorm Institute in Switzerland. Meteonorm
software is a comprehensive meteorological calculation
software that includes a global meteorological database of
solar energy and applied meteorology. The validity of
Meteonorm’s data is vouched for by the meteorological
industry. Nematchoua et al. (2019) used Meteonorm data
combined with EnergyPlus to assess the impact of climate
change on the hospital demand for heating and cooling
energy in six different countries in the Indian Ocean region.
Tsoka et al. (2017) compared three typical annual data
generated by Meteonorm using different techniques with
actual datasets from weather stations. The impact of
different meteorological files on the building’s annual en-
ergy demand was assessed through dynamic simulations.
Carbonell et al. (2016) conducted a dynamic system simu-
lation of a solar ice storage combined with a solar heat
pump system in Zurich. The Meteonorm meteorological
data and the measured meteorological data were used for
simulation, and the effectiveness of Meteonorm is analyzed
according to the simulation results.

Three days before and after the hottest/cold day, one
week is selected as the energy consumption simulation
period in summer/winter, as shown in Table 1. The annual
energy consumption simulation can comprehensively
reflect the inherent relationship between climate and en-
ergy consumption. In this study, the energy consumption is
calculated in the hottest/coldest week for the following
reasons: First, the relationship between climate and energy
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consumption in the hottest/coldest week is the most sig-
nificant. Second, the energy consumption in the hottest/
coldest week is the highest heating/cooling energy con-
sumption value in one year. Moreover, the influence of the
calculation errors of meteorological parameters on energy
consumption has an extreme value effect. The measure-
ment of meteorological parameters of islands and reefs
mainly relies on timed data, which are recorded eight
times. Thus, the meteorological data of every 3 h are
selected from the Meteonorm database for interpolation.
The hourly results are then compared with the hourly data
in the Meteonorm database.

The observed mean monthly temperature in Xisha is
compared with the database data of Sanya to verify the
consistency of the data of island, reef, and coastal sites.
The results are shown in Fig. 1. Although the temperature
of the coastal sites is different from that of the islands and
reefs in the South China Sea, the change trend is nearly
identical. Therefore, the meteorological data of the
southern coastal cities have a high reference value for the
study of the meteorological data of islands and reefs in the
South China Sea.

The meteorological data of coastal cities with tropical
maritime climate characteristics are selected as the
object of study. These cities include Xiamen, Haikou, and
Sanya, which are adjacent to the South China Sea. The
specific information regarding each of the cities is shown in
Table 2.

2.4. Energy consumption simulation settings

The simulated building is a six-story brick and concrete
structure residential building, as shown in Fig. 2. The
construction area is 1146.96 m2, and the air-conditioned
area is 1073.52 m2. The north and south window wall
ratio is 0.3, whereas the east and west walls are window-
less. The heat transfer coefficient of the wall, roof, and
north window is 0.7, 0.4, and 4.0 W/(m2$K), respectively.



Table 2 Specific information of representative city site.

Cities North latitude (�N) East longitude (�E) Elevation (m) Heating degree days
(HDD18/�C$d)

cooling degree days
(CDD26/�C$d)

Xiamen 24.51 118.09 8 490 178
Haikou 20.03 110.37 21 75 427
Sanya 18.25 109.50 26 3 498
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The energy efficiency ratio of the air-conditioning equip-
ment is 2.7, excluding indoor lighting and other internal
thermal gains. It meets the requirements of the energy-
saving design standards for residential buildings. The
thermal performance of the simulated building’s walls
meets the energy-saving standard in the hot summer and
the warm winter area. The bedrooms and living rooms are
air-conditioned, whereas the other rooms have no air-
conditioning and adopt split air-conditioning. The air-
conditioning time is 24 h. The dynamic energy consump-
tion simulation software EnergyPlus calculates the air-
conditioning energy consumption by utilizing the meteo-
rological data of Xiamen, Haikou, and Sanya. Different
levels of SSE error data are used to simulate the energy
consumption of air-conditioning according to temperature,
relative humidity, and wind speed.

The indoor thermal disturbance parameters simulated
by EnergyPlus are shown in Table 3.

3. Comparative analysis of the hourly calculation
methods of marine meteorological parameters

3.1. Temperature
Fig. 3 shows the summer SSE (illustrated with the bar chart)
and the winter SSE (illustrated with a broken line chart)
between the observed values at each meteorological sta-
tion and the hourly temperature data obtained by inter-
polation. Moreover, the interpolation of the temperature
data reflects the differences between the regions and the
seasons. The five interpolation methods exhibit regional
differences: the calculation error of the data recorded in
Sanya is the smallest, that in Haikou is the middle, and that
in Xiamen is the largest. Compared with the other inter-
polation methods, the cubic spline interpolation method
exhibits the smallest error in all three research locations.
Fig. 2 Building model.
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The Akima interpolation method and the RBF interpolation
method can be applied sufficiently in Sanya.

Fig. 4 shows the R2 values of summer (illustrated with the
bar chart) and winter (illustrated with the broken line chart)
temperature interpolation for the three meteorological
stations using the five interpolation methods. The hourly
error found in the temperature data interpolation among
the three stations shows almost no fluctuation, indicating
that the hourly accuracy of the temperature data under the
condition of maritime climate is slightly affected by the
region. The R2 values in winter and summer are both greater
than 0.97, and the temperature data in winter and summer
both display a good degree of fit. The piecewise cubic
Hermite interpolation achieves the best interpolation effect
in all three sites, both in winter and summer. The linear
interpolation error is at its maximum in all three meteoro-
logical stations in summer.

3.2. Relative humidity

Fig. 5 shows the SSE (illustrated with the bar chart) in
summer and the SSE (illustrated with the broken line chart)
in winter between the hourly relative humidity data and
the observed values. The humidity SSE values are affected
by the region and the season. The interpolation of the hu-
midity data is highly accurate in Xiamen in summer and
Sanya in winter. The results show that the interpolation of
the humidity data accuracy in summer is lower than that in
winter. The best interpolation method of the winter hu-
midity data is the Akima interpolation method, and the best
interpolation method of the summer humidity data is the
piecewise cubic Hermite interpolation method.

Fig. 6 shows the R2 values of the relative humidity
interpolation in summer (illustrated with the bar chart) and
winter (illustrated with the broken line chart) for the three
stations using the five interpolation methods. The R2 of the
humidity data interpolation results shows differences in the
seasons and regions. The results show that the interpolation
of the humidity data is the most accurate in Xiamen in
Table 3 Indoor parameter setting.

Type Unit Value

Cooling set-point �C 26
Equipment load W$m�2 0.317
Lighting load W$m�2 1.05
Personnel density m2$persone1 8
Latent heat gain from people W$persone1 45
The infiltration rate m3$he1 0.5
Ventilation rate Times$he1 1.0



Fig. 3 SSE of temperature interpolation.
Fig. 5 SSE of relative humidity interpolation.
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summer. Moreover, the cubic spline interpolation is the
most suitable for Sanya in summer. The results of the
winter humidity data interpolation are affected by region,
with Sanya having the best interpolation accuracy and
Haikou having the worst interpolation accuracy. Akima
interpolation is the most suitable for the winter humidity
data in all three regions.

3.3. Wind

Fig. 7 shows the summer SSE (illustrated with the bar chart)
and the winter SSE (illustrated with the broken line chart)
between the hourly wind speed data and the observed
values. The analysis shows that the interpolation accuracy
of the wind speed data in the three areas is the least
affected by the interpolation method. The interpolation
SSE of wind speed data of the three meteorological stations
decreases with the decrease of the station’s longitude,
indicating that the hourly wind speed data under marine
climate conditions are greatly affected by the region. The
interpolation error of the wind speed data in Xiamen is the
largest, whereas that in Sanya is the smallest. The simula-
tion results of the Akima interpolation method for
retrieving hourly wind speed data from all of the stations
show that the occurrences of errors are minimal in the
winter and the summer data. Therefore, the Akima inter-
polation method is the best.

Fig. 8 shows the R2 of wind speed interpolation in sum-
mer (illustrated with the bar chart) and winter (illustrated
with the broken line chart) with the five interpolation
methods at the three stations. The fitting correlation of the
Fig. 4 R2 of temperature interpolation.
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wind speed data in both winter and summer is poor. The
interpolation method has nearly no effect on the fitting
accuracy, whereas the regional differences have the most
considerable effect on the fitting accuracy. Sanya shows
good fitting accuracy in winter and summer. Moreover, the
Akima interpolation method has good accuracy in winter
and summer.

3.4. Comparative analysis of the experimental
results of different meteorological parameters

The following conclusions can be drawn by analyzing the
error observed in the analysis of the meteorological data and
the interpolation method: The temperature interpolation
calculation error is the smallest, the wind speed interpola-
tion calculation error is in the middle, and the relative hu-
midity interpolation calculation error is the largest. This
finding reflects the differences of the meteorological
parameter types when analyzed by the interpolation
method. Temperature data interpolation is affected by re-
gion and season. The five interpolation methods have
obvious regional differences. The error of the cubic spline
interpolation method is the smallest in all of the observed
stations. The Akima interpolation method and the RBF
interpolation method have good applicability in Sanya. The
five interpolation methods produce nearly identical results
in the same region with regard to the relative humidity data.
However, the same interpolation methods show a significant
difference when applied to data belonging to different re-
gions and seasons. The interpolation method for the relative
humidity data must be improved. The interpolation of the
Fig. 6 R2 of relative humidity interpolation.



Fig. 7 SSE of wind speed interpolation.
Fig. 9 Temperature change rate and SSE corresponding
relationship.
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wind speed data is greatly affected by the region. The Akima
interpolation method has the best applicability across all
regions, with minimal overall error, particularly in Sanya.
The error observed in the data in winter is greater than that
in summer.

The following conclusions can be drawn by analyzing the
fitting degree of the meteorological data and the interpo-
lation results: The correlation between the temperature
data and the interpolation results is the highest, followed by
that between the relative humidity data and the wind speed
data. The R2 of the five interpolation methods used in the
three stations in winter and summer is stable above 0.97,
and the fluctuation of the R2 value between the stations is
minimal. The temperature data and the fitting results are
slightly affected by the region and interpolation method.
The correlation between relative humidity data and the
interpolation results is inferior to that between the tem-
perature data and the interpolation results, thereby
showing regional differences. The interpolation accuracy of
the five methods in Xiamen is better than that of the five
methods in Haikou and Sanya. The accuracies of the cubic
spline interpolation and the Akima interpolation in Haikou
and Sanya are similar. The accuracy of the RBF interpolation
is the worst in Haikou and Sanya. The fitting of the wind
speed data and the interpolation results is the worst, and
the regional differences can be observed easily. The wind
speed interpolation accuracy obtained by the five methods
in Sanya is good. Moreover, the difference between the five
methods is the smallest in Sanya. The variation trends of the
different interpolation methods in the Xiamen and Haikou
areas are similar. The interpolation accuracy of the wind
speed data in the Haikou area is the worst.
Fig. 8 R2 of wind speed interpolation.
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4. Dynamic simulation of building energy
consumption under sea climate

The temperature, relative humidity, and wind speed were
increased or decreased positively and negatively with
different magnitudes according to SSE to study the error
transfer law of hourly calculation error of meteorological
parameters on dynamic energy consumption calculation.
The meteorological data with different SSE error levels
were constructed. Then, the newly constructed meteo-
rological data for dynamic energy consumption simulation
for the three parameters were used. The mathematical
relationship between the SSE of meteorological parame-
ters and the rate of change of building energy consump-
tion would be analyzed based on the simulation results.

4.1. Error variation method of meteorological
parameters

Operating the data directly according to the SSE is not easy
when the error data of different magnitudes are con-
structed. The easy solution in this situation is to increase or
decrease the percentage of the meteorological parame-
ters. Establishing the corresponding relationship between
the increased or decreased meteorological parameters and
the SSE is necessary for constructing different levels of the
SSE meteorological parameters for the simulation.
Fig. 10 Relative humidity change rate and SSE corresponding
relationship.



Fig. 11 Wind speed change rate and SSE corresponding
relationship.
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The positive and negative bidirectional changes of
temperature and relative humidity were carried out by
taking the hourly temperature, relative humidity, and wind
speed data on July 22 in the Meteonorm database as the
change benchmark. The variation range of the SSE was
determined by the results of the above five interpolation
methods. The corresponding relationship between the
increased or decreased rate and the SSE is shown in Figs.
9e11. The temperature data of Xiamen, Haikou, and
Sanya are �1.5%, �2.0%, and �2.5%, respectively. Fig. 9
shows that the SSE values of the positive and negative
variations of the three observation stations are very close,
corresponding to 5, 10, and 15, which are close to the
temperature error range of 3e13 calculated by the five
interpolation methods. The relative humidity data of
�5.0%, �7.5%, and �10.0% were constructed, as shown in
Fig. 10. The difference of the SSE corresponding to the
relative humidity is larger than that of the temperature.
However, all of them are within the error range of
400e1500. The wind speed is too slow or nonexistent in
some places. This scenario is convenient for the positive
change but not for the negative change. The corresponding
relationship between the increase rate and the SSE is shown
in Fig. 11. The wind speed in Sanya is relatively slow. Thus,
the increased proportion of the wind speed in Sanya is 55%,
95%, and 130% to make the calculation SSE of Sanya close to
that of the other two places. The SSE of the three places is
between 5 and 40, close to the SSE range calculated by the
five methods.
Fig. 12 Relationship between Haikou temperature SSE and
hourly energy consumption.
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According to the relationship described above, the
simulation error data of the three parameters with
different SSE levels were constructed for the subsequent
dynamic energy consumption simulation. The wind speed in
Sanya is significantly lower than that in Xiamen and Haikou.
The change rate was increased to keep the SSE level in
Sanya identical to that in the other two places.

4.2. Overview of building energy consumption
simulation

In this model, the building parameters set previously
remain unchanged. The three represent the main energy-
using season of cities in summer. The meteorological data
of the week before and after July 22 were selected as
major heat days. The air-conditioning operation mode was
set to 24 h a day to analyze the influence of the meteoro-
logical parameters on hourly energy consumption. The
temperature, relative humidity, and wind speed in the
simulated meteorological files were replaced with the SSE
error data of different levels. Moreover, the daily hourly
and the daily total air-conditioning energy consumption of
Xiamen, Haikou, and Sanya were simulated under the in-
dependent change of the three meteorological parameters.

5. Influence of the hourly error of marine
meteorological parameters on building energy
consumption calculation

The air-conditioning energy consumption data of the three
observation stations, alongside the temperature, relative
humidity, and wind speed, were comprehensively analyzed.
The differences among the three parameters were calcu-
lated by analyzing the hourly air-conditioning energy con-
sumption per day. The differences between regions and
parameters were calculated by analyzing the daily total air-
conditioning energy consumption.

5.1. Influence on hourly energy consumption
calculation

The regional differences in the energy consumption per
hour caused by the changes in temperature, relative hu-
midity, and wind speed are small. Given the low wind speed
in Sanya and the low temperature in Xiamen, Haikou
was selected for a neutral analysis. The hourly energy
consumption caused by temperature, relative humidity,
and wind speed is listed in Figs. 12e14. Figs. 12e14 shows
the relationship between the SSE of each parameter error
and hourly energy consumption. The left side of the coor-
dinate is the hourly energy consumption change caused by
the positive change of the error SSE, and the right side is
the hourly energy consumption change caused by the
negative change of the SSE. The wind speed only changes
the positive error. Thus, no negative energy consumption
curve exists. According to the analysis in Section 4.1, the
proportional change of meteorological parameters has
irregular changes in the SSE. Thus, the positive and nega-
tive changes of the SSE of the three parameter errors are
inconsistent.



Fig. 13 Relationship between relative humidity SSE and
hourly energy consumption in Haikou.
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As shown in Fig. 12, the increase and decrease of tem-
perature have a different influence on the hourly energy
consumption of air-conditioning. The influence of the
increasing temperature is more significant than that of the
decreasing temperature, particularly at 6e8 and 20e22
o’clock. The error caused by temperature reduction has the
most significant effect on energy consumption at 4e6
o’clock and has the minimum effect at 19e21 o’clock. On
average, the hourly energy consumption change rate of air-
conditioning for each temperature error magnitude pre-
sents an obvious time difference, and the change law is the
same. For the same SSE, the maximum difference of energy
consumption change rate in different periods is close to 8%.
When the temperature SSE is increased by 5, the energy
consumption increases by 1.8% on average; when the
temperature SSE decreases by 5, the energy consumption of
air-conditioning decreases by 1.7% on average.

Fig. 13 shows that the influence of the positive and
negative changes of relative humidity on the hourly energy
consumption of air-conditioning has a significant time dif-
ference. The maximum period of energy consumption
change rate caused by the decrease of relative humidity is
equal to the minimum period of energy consumption
change rate caused by the increase of relative humidity.
For the same SSE, the maximum difference of the energy
consumption change rate in different periods is close to 8%.
Before 12 o’clock, the rate of change of energy consump-
tion with a positive increase in relative humidity is
Fig. 14 Relationship between wind speed SSE and hourly
energy consumption in Haikou.
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significantly lower than that with a negative decrease in
energy consumption. After 12 o’clock, this trend is the
opposite: the rate of change of energy consumption with a
negative increase in relative humidity is significantly lower
than that with a positive decrease in energy consumption.
However, the increase of the positive change of the SSE is
smaller than that of the negative change. The results show
that when the relative humidity SSE is increased by 400
steps, the hourly air-conditioning energy consumption in-
creases by an average of 2%. When the SSE is decreased by
400 steps, the hourly air-conditioning energy consumption
decreases by 1.6% on average.

Fig. 14 shows that the influence of wind speed calculation
error and energy consumption is significantly different from
that of the temperature and the relative humidity. However,
the error change is not proportional when the wind speed in-
creases proportionally, unlike in the case of temperature.
Relative humidity also possesses this characteristic. The in-
fluence of wind speed change on energy consumption is
constantly changing. Thus, no permanent regularity exists.
Thehourlyair-conditioningenergyconsumptionchangesbyan
average of 0.04% when the wind speed SSE is increased by 10.

5.2. Influence on the calculation of daily total
energy consumption

The relationship of the SSE levels of temperature, relative
humidity, and wind speed with the daily total air-
conditioning energy consumption was analyzed to study
the influence of meteorological parameter error on building
energy consumption error on a macroscopic level. The
relationship is shown in Figs. 15e17. Figs. 15 and 16 show
that when the SSE of the calculation error of temperature
and relative humidity changes positively, the total energy
consumption shows a positive increase change, and vice
versa. The total energy consumption shows a decrease
change. In Fig. 17, the SSE of wind speed only makes pos-
itive increase changes.

The energy consumption value changes of the three cities
in the negative change curve of SSE are very similar when
the temperature calculation error changes (as shown in
Fig. 15). In addition, the impact of temperature error
on energy consumption in Xiamen is slightly less than that
in Sanya and Haikou. Fig. 16 shows that when the SSE of
relative humidity changes positively, the energy
Fig. 15 Relationship between SSE and total energy con-
sumption of air temperature.



Fig. 16 Relationship between relative humidity SSE and total
energy consumption.
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consumption trends in Xiamen and Sanya are similar,
whereas the energy consumption in Haikou is significantly
affected. However, when the SSE of relative humidity
changes negatively, the significance of the impact on energy
consumption in Haikou, Xiamen, and Sanya is in descending
order. The SSE of humidity has a great influence on Haikou
when it changes positively. In comparison, it has a great
impact on Sanya when it changes negatively. Fig. 17 shows
that the change of wind speed SSE has the greatest influ-
ence on Sanya. The change of wind speed SSE in Xiamen is
8 m/s�1, and the change of energy consumption is 0. The
change trend is relatively gentle. In the process of 5, 10, and
15 times of growth, the SSE of Sanya presents an equal
proportion of growth, and the average change of energy
consumption is approximately 0.1%.

Compared with the daily hourly air-conditioning energy
consumption, the daily total energy consumption caused by
temperature and relative humidity errors shows positive
and negative trends that are essentially equal. The regional
difference in relative humidity is significant, particularly
when the relative humidity changes negatively. The change
rate of energy consumption caused by the positive change
of relative humidity in Haikou is higher than that caused by
the negative change. Xiamen and Sanya are the opposite:
the change rate of energy consumption caused by the
negative change of relative humidity in Xiamen and Sanya is
higher than that caused by the positive change. The original
wind speed of Sanya is low. After the amplification of the
Fig. 17 Relationship between wind speed SSE and total en-
ergy consumption.
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wind speed, the error of wind speed has a significant impact
on the air-conditioning energy consumption of Sanya, which
is stronger than that of Xiamen and Haikou, with the
highest energy consumption change rate of 0.35%.

From the overall perspective of the three meteorolog-
ical parameters, the change intensity of the total energy
consumption of the three parameters with the SSE is basi-
cally consistent with the hourly energy consumption. The
energy consumption is changed nonlinearly, and the change
rate decreases with the increase of SSE. The influence of
meteorological parameter error has a great impact on en-
ergy consumption. Moreover, different meteorological pa-
rameters have different limitations.

6. Conclusions

This research aims to construct a methodological system for
calculating hourly meteorological parameters under marine
climate conditions. Three coastal cities in China, namely,
Xiamen, Haikou, and Sanya, were used as the research lo-
cations. Three key meteorological parameters were
selected: temperature, humidity, and wind speed. The five
hourly calculations methods, including linear interpolation,
cubic spline interpolation, pieceated three-Hermite inter-
polation, Akima interpolation, and RBF interpolation, were
compared and analyzed. The applicability and character-
istics of the three meteorological parameters under
oceanic climatic conditions were discussed. The influence
of hourly calculation errors on the calculation of building
energy consumption was also analyzed.

Under oceanic climate conditions, the best interpolation
method for temperature in winter is the cubic spline inter-
polation method. The best interpolation method for hu-
midity in winter is the Akima interpolation method. The best
interpolation method for temperature and humidity in
summer is the piecewise cubic Hermite interpolation
method. The best interpolation method for wind speed is the
Akima interpolation method. The following are the interpo-
lation errors of the meteorological parameters in ascending
order: wind speed, humidity, and temperature in summer;
wind speed, humidity, and temperature in winter. The re-
gion has little to no effect on the interpolation error of the
temperature parameter, whereas the parameters of humid-
ity and wind speed are greatly affected by the region.

The error of different meteorological parameters has a
significant effect on the air-conditioning energy consump-
tion. The hourly air-conditioning energy consumption in-
creases by 1.8% on average when the temperature SSE
increases by 5. The energy consumption of air-conditioning
decreases by 1.7% on average when the temperature SSE
decreases by 5. The hourly air-conditioning energy con-
sumption increases by 2% on average when the relative
humidity SSE increases by 400 steps. The hourly air-
conditioning energy consumption decreases by 1.6% on
average when the SSE decreases by 400 steps.

The regional difference of the influence of the hourly
wind speed calculation error on energy consumption is
significantly higher than that of air temperature and relative
humidity. The hourly air-conditioning energy consumption
changes by 0.04% on average when the wind speed SSE in-
creases by 10 steps. Meteorological parameter errors have a
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major influence on energy consumption, whereas different
meteorological parameters have limitations.
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