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a b s t r a c t

Scale is a fundamental concept in geography. Although multiscale data, models and other products are
considered when studying geography, scale mismatching can produce adverse results. Thus, scale
compatibility is becoming crucial for decoding dynamic and interactive geographic processes. This paper
presents a definition of scale compatibility for studying geographic processes and partitions this concept
into four levels: multiple processes, dimensional, type and component. These four levels operate
differently, as described in detail to support the implementation of scale compatibility. Applying the
procedure to assess scale compatibility, a meteorological simulation case study in Hong Kong was
investigated with regard to the use of multiscale digital elevation model (DEM) data and the Weather
Research and Forecasting (WRF) model. This case study considered spatial dimension, measurement
scale type and component level. The experiments showed that using DEM data and a model with
different resolution and grid spacing, respectively, affected the dynamic simulation capacity, even ac-
counting for 38% of the mean absolute error (MAE) for temperature. Furthermore, our 3 and 30 arc sec
resolution DEM data are relatively more compatible with the WRF model of 1 km grid spacing. This case
study not only helps to improve meteorological simulations by considering scale compatibility as an
issue but also explains the significance and implementation of scale compatibility in geographic
processes research.

© 2014 Elsevier Ltd. All rights reserved.
Introduction

In the discipline of geography, scale has always been a major
issue (Meentemeyer, 1989). As widely accepted, changes in scale
may alter significant and relevant variables (Di Vittorio & Miller,
2014; Kachanoski, 1988; Openshaw, 1983; Palmer & White,
1994). Similar to multiscale geographic patterns, such as land-
scape patterns (Wu, 2004), geographic processes also exhibit
scale-related problems (Brown, Riolo, Robinson, North, & Rand,
2005; Hofer, 2009; Yuan, 2007). Due to the scale dependence
and cross-scale linkage of multiscale geographic processes, the
specification of an appropriate analysis scale and the representa-
tion of hierarchical relationships are important components
(Goodchild, 2009; Syphard & Franklin, 2004). Furthermore, mul-
tiple geographic processes may interact to shape patterns or
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phenomena in the geographic world (e.g., soil erosion may be
influenced by climate change, vegetation distribution and human
activities), which would require exploration at a suitable scale.
Therefore, methods in which to conduct research with regard to
data, models, analyses, etc. at a compatible scale have attracted
attention from researchers and institutions (Cash et al. 2006;
Syphard & Franklin, 2004).

To answer the question of how to assess scale compatibility (or
fitness of scale), a generic scale-matching framework concerning
the data-model-problem was developed (Lilburne, Webb, &
Benwell, 2004). However, this framework did not pay sufficient
attention to understanding scale compatibility, which is a precon-
dition for scale compatibility analysis and management. Poole et al.
(2004) and Li, Liu, and Afshari (2006) recognized this multiscale
feature and proposed a hierarchical patch dynamics paradigm
(HPDP); however, this paradigm is still abstract such that the scale
matching is difficult to consider during practical implementations.
Thus, scale compatibility in multiscale and interplaying geographic
processes remains a vulnerable issue in studying and managing
geographic processes.
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This paper aims to address scale compatibility in dynamic geog-
raphy, attempting to reduce the negative effects that result from scale
mismatching. By partitioning scale compatibility into hierarchical
levels fromtheabstract to theoperational level basedon thedefinition
of scale, scale compatibility becomes more manageable in practice.
The remainder of the paper is organized as follows. Section 2 presents
the concept of scale compatibility and decomposes it into four
differentoperational levels tomake itmanageable. Section3discusses
procedures that assess scale compatibility with assessment criteria.
Applying the procedure to assess scale compatibility, Section 4 pre-
sents a case study of a meteorological simulation involving a multi-
scale meteorological model and digital elevation model (DEM) data.
The article is concluded with a discussion and summary.

Scale compatibility in geographical processes

Concept of scale compatibility

Although scale matching or compatibility has been discussed in
previouswork (Lilburne et al. 2004; Taleai, Sharifi, Sliuzas,&Mesgari,
2007), a definition of scale compatibility is lacking, hindering our
understanding and estimation of such issues. In this research, scale
compatibility isproposed to indicate thedegree towhich twoormore
of geographic data, models, visualizations and analyses, are inte-
grated into the study of geographic processes, without a significant
negative impact from scale mismatching. Enabling scale compati-
bility to be assessed in geographic studies, this concept is decom-
posed into the following four groupswith different operational levels
that range from the abstract to the operational: multiple processes,
dimensional, type and component (Fig. 1). The scale compatibility
between multiple processes is the most abstract and is identified as
the first group because effective research acrossmultiple processes is
dependent on a thorough understanding of each process studied at a
compatible scale (Adger, Arnell, & Tompkins, 2005; Syphard &
Franklin, 2004). The remaining three levels are identified according
to the theoretical three-tiered concept of scale: dimension, type and
component (Gibson, Ostrom, & Ahn, 2000; Wu & Li, 2006).

Decomposition of scale compatibility

Scale compatibility considering multiple processes (e.g., hydrology,
meteorology, land surface and human behavior)

Geographic patterns and processes that operate in the same
spatial-temporal space may exhibit “overlay” effects (Peterson &
Fig. 1. Four groups of scale compatibility concerning multisca
Parker, 1998). For example, the distribution of vegetation may be
influenced by both hydrological and meteorological processes.
However, this “overlay” effect might be limited to a range of scales,
and the mutual effects may be dissimilar for different scale ranges.
Scale compatibility of the multiple processes level refers to the
matching of scales within multiple interactive processes when
studying geographic processes (i.e., hydrology, meteorology, land
surface, human behavior, etc.). Concerning such level of scale
compatibility, the goal of the Susquehanna River Basin Experiment
(SRBEX) was to simulate the basin's hydrologic response to atmo-
spheric forcing at various time scales (Yarnal et al. 2000).

Scale compatibility within different scale dimensions
The spatial, temporal, hierarchical and semantic levels represent

the four primary scale dimensions (Zhang, Lin, & Chen, 2014). In
addition to the well-known spatial and temporal dimensions, the
hierarchical level is a directional ordering of interacting entities
that have distinctive process rates and thus form different levels
(Wu, 2007). Furthermore, the semantic dimension describes the
detail extent of geographical objects and their attributes in
geographical information. For example, in a semantic respect, a
patch of land can be classified as a paddy field, farmland or agri-
culture land at different semantic scales. Similarly, a road may be
described as a village road, county highway, provincial highway or
national highway according to the semantic scales defined by its
users (Liu, Wu, & Hu, 2007). Therefore, complementary to the
spatial and temporal dimensions, the hierarchical and semantic
dimensions are useful for specific geographic studies and applica-
tions (Liu et al. 2007; Worboys, 2001).

The above mentioned dimensions interactively affect the study
of geographic processes (Wu & Li, 2006). Therefore, separating one
dimension from another is not scientific. In this context, the goal of
dimensional level scale compatibility is to assess the matching of
different dimensions. For instance, when resolving a meteorolog-
ical feature at a more local scale, a finer spatial resolution, as well as
a shorter time step must be used to capture more frequent varia-
tions. It should also be remembered that the hierarchical and se-
mantic levels might change with changes in the spatial-temporal
dimensions. Thus, considering dimensions compatibility is valu-
able. However, studying a geographic process within one dimen-
sion is relatively simple; when multiple dimensions are considered
simultaneously, this process becomes difficult. Although some
preliminary work has been reported on the multiple dimension
interactions, such as the spatial-temporal dimensions (Young,
le geographic processes with different operational levels.



Fig. 2. Two possible explanations for mismatching process, measurement and obser-
vational scales.
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2003), relatively few quantitative studies have considered multiple
dimensions.

Scale compatibility within different scale types
For each scale dimension, the following four types of scales are

identified as the second tier of scale concept: process, observa-
tional, measurement and operational. The definitions of each scale
type are listed in Table 1.

Using the intrinsic geographic process scale and corresponding
objective as guidance, other types of scales can be estimated to
achieve scale matching (Fig. 1). On this level, scale compatibility
refers to the matching of different scale types (i.e., process scale,
observational scale, measurement scale and operational scale).
Fig. 2 shows the possible mismatching of scale types (Chave &
Levin, 2003). In this figure, the dots indicate the measurement
scale (grain), and the squares enclosing the dots specify the
observational scale (extent); the others denote the patterns that are
derived based on the process scale. In the left example, the sam-
pling scheme extent is too small to detect the local features because
all of the samples are within the process extent. In the right
example, the coarseness of the sample is too large relative to the
patterns, and thus, not enough samples to capture the patterns
result. As is shown, mismatching may hinder the discovery and
understanding of geographic patterns.

In studying and managing geographic processes, researchers
have realized scale compatibility on this level. Due to the scale
matching between measurement and process scales, decreasing
the spatial grid spacing of a meteorological model allows more
mesoscale factors to be included in a numerical solution and vice
versa (Pielke & Uliasz, 1998). Concerning process and operational
scales, a mismatch problem might emerge between the scale of
what is known about the world and at which action is taken (Kates
et al. 2001). For example, there is a grave mismatch between the
knowledge that is needed to act locally by different countries (or
states, counties, etc.) and what is currently being done globally to
generate knowledge about climate change, its impacts and re-
sponses to concerns (Sullivan, Ternan, & Williams, 2004; Wilbanks
& Kates, 1999).

Scale compatibility of component level
Scale components are the third tier of scale concept (Wu & Li,

2006). It is proposed such that the scale is manageable for each
scale type in each dimension, denoted as resolution (grain), extent,
zone window, sampling space, cartographic scale, etc. For example,
if the spatial scale compatibility of landscape indices was esti-
mated, which scale types to use must be considered, for instance,
the observational and measurement scales; and then to make it
quantifiable, the extent and grain size are used respectively to
compute the scale effect and achieve our target (Mochizuki &
Murakami, 2013; Simova & Gdulova, 2012). In this context,
component level scale compatibility refers to thematching of scales
within components (i.e., resolution, extent and grain size) between
Table 1
Definitions of scale types.

Term Definition

Process scale (Schulze, 2000) The scale at which natural phenomena o
including spatial-temporal dimensions, e

Observational scale (Schulze, 2000) The scale at which humans choose to co
observations and study phenomena.

Measurement scale (Crawford, 2009) The smallest observable (or observed) pa
entity, e.g., resolution or granularity.

Operational scale (Schulze, 2000) The working scale at which managemen
operations focus.
data, models, visualization and analyses. This level of scale
matching is very familiar in traditional research, especially for the
multiscale organization of geographic data and visualization
(Edsall, Harrower, & Mennis, 2000; Wu, 2004; Yuan & Hornsby,
2007). However, much work is required before these components
can be comprehensively matched with regard to different di-
mensions and scale types concerning data, models, etc., as shown in
Fig. 1 (Armstrong & Martz, 2003; Syphard & Franklin, 2004).

Implementation of scale compatibility

Procedure to assess scale compatibility

The aim of scale compatibility identification and decomposition
is to account for scale compatibility in our study, i.e., to implement
scale compatibility. To systematically consider such an issue, the
relationships between the aforementioned four levels of scale
compatibility are investigated in detail. As shown in Fig. 3, scale
compatibility is assessed formultiple interactive processes based on
the interactive processes (e.g., meteorology and hydrology). To
generate a concisefigure, only the link for thefirst itemsof each level
is plotted. For each process, scale compatibility is estimated with
respect to different dimensions. Furthermore, for each dimension,
different scale typesmust be considered. Each scale type is reflected
as the corresponding scale component. Therefore, the top level is
used as guidance for the lower levels of compatibility, and the scale
compatibility acceptability at the bottom level represents the
foundation for the higher compatibility levels. With such a proce-
dure, partitioning the scale compatibility step-by-step from multi-
ple processes to dimensions, types and components is feasible.

Criteria to assess scale compatibility

When reaching the component level, the method in which to
evaluate this compatibility must be regarded. This paper proposes
Remarks

ccur or operate,
xtent and unit aspects.

Similar to operational scale (Crawford, 2009),
phenomenon scale (MOntello, 2001) and instinct
scale (Wu & Li, 2006).

llect samples of Similar to experimental scale (Wu & Li, 2006).

rts of a spatial Similar to observational scale (Wu & Li, 2006).

t actions and Similar to policy scale (Wu & Li, 2006).



Fig. 3. Step-by-step implementation of scale compatibility.
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to use accuracy, efficiency, redundancy and other relevant factors as
evaluation indicators, focusing on geographic dynamics, as based
on previous reports (Costanza & Maxwell, 1994; Papanastasiou,
Melas, & Lissaridis, 2010; Zhang & Zhang, 2011). The criteria to
estimate scale compatibility can be comprehensively described by
the following expression:

Scale Compatibility
¼ Fðaccuracy; efficiency; redundancy; othersÞ: (1)

The accuracy of a modeled system depends on how closely the
reproduction of a quantity reflects that quantity’s actual (observed)
value (JCGM200, 2008). How to estimate the accuracy remains an
important but problematic necessity (Willmott &Matsuura, 2005).
Time efficiency usually describes the extent to which time is well
used for an intended task or purpose (Xu et al. 2010). In general,
accuracy and time efficiency change when different scales of data,
models and visualizations are employed. Redundancy is another
factor that can affect both accuracy and efficiency. Other factors,
such as storage cost, feasibility and cognoscibility, may also be used
to estimate scale compatibility, andmust be adjusted according to a
specific application and research goal.

Scale compatibility estimation in a meteorological simulation

Scale compatibility is very complex due to different processes,
dimensions, types and components. In addition, this concept per-
meates all stages of the study of geography, including data, models,
visualizations and analyses. However, for specific research projects,
the procedures proposed in the above section enable the estima-
tion of scale compatibility. For instance, if spatial dimension is
focused on, scale compatibility can be partitioned into component
level, according to Fig. 3. As an application of such an imple-
mentation, the following case study illustrates this procedure by
estimating the scale compatibility between multi-resolution DEM
data and a meteorological model in spatial dimension and mea-
surement scale at the component level (first column of Fig. 3).

Experimental description

Study area and model setting
Many previous studies have shown the significance of topog-

raphy in generating sea land breezes and in affecting environ-
mental conditions (Aalto et al. 2006; Miao, Kroon, de Arellano, &
Holtslag, 2003). The study area, Hong Kong and its surrounding
region, is situated on China’s southern coast and features a complex
coastline and numerous islands. The topography in this region is
regarded as complex due to the dominance of hills (comprising 75%
of the studied area), as shown in Fig. 4 (Liu, Chan, & Cheng, 2001).
To investigate the scale compatibility between multiscale topog-
raphy and the model, multi-resolution DEM data (3 and 30 arc sec
and 2 and 10 arc min, as processed in ArcGIS 10.0 using a simple
averaging aggregation method) were imported into the meteo-
rology model. The data source was the Shuttle Radar Topography
Mission (SRTM)with a resolution of 90m andwas obtained in 2003
(CGIAR-CSI, 2012).

The Weather Research and Forecasting (WRF) model (WRF,
2012) was applied to reproduce the meteorological field over
Hong Kong and its surrounding region. The WRF model is a fully
compressible and nonhydrostatic model. The vertical coordinate for
the WRF model is the terrain following hydrostatic pressure, and
the dynamics conserve scalar variables (Papanastasiou et al. 2010).
The WRF model runs with horizontal grid spacing of 1, 3, 9 and
27 km, centered at 113.367�E, 24.716�N, and the physical setting is
reported in Table 2 with reference to Jiang (2012) due to their
successful application over the studied area.

Experimental design
The WRF system includes a pre-processing tool that prepares

geographic and meteorological data for simulation. Regardless of
the scale of the DEM data that is imported into the WRF model, the
model will reprocess the data with the nearest neighbor interpo-
lation method to a corresponding model grid spacing by up- or
down-scaling (WRF, 2012). Due to this process, the capacity to
express topography using a dynamic model is affected by the scales
of the DEM data and model. This fact raises a scale-matching issue
between the multiscale DEM data and the WRF model, which may
further affect the capacity to reproduce a meteorological field, an
important component of geographic dynamics. The flowchart of the
experiment, designed to explore the solutions to this problem, is
shown in Fig. 5. After the data were imported into the multiscale
model, monitored elevation data from 45 validation stations in
Hong Kong (blue dots in Fig. 4(in web version)) were used to
evaluate the expression capability of themultiscale data andmodel.
Furthermore, a meteorological field was simulated in January and
July of 2006 to estimate the scale compatibility between the data
and model based on the observed meteorological variables at daily
resolution from eight typical weather stations (Table 3; pink dots in
Fig. 4(in web version)). The observations were provided by the
Hong Kong Observatory with information regarding instrumenta-
tion and observation methods (HKO, 2007). In the validation pro-
cess, four meteorological variables were considered (T2 refers to



Fig. 4. Topography map of Hong Kong with validation stations (HKO, 2012).
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2 m temperature, RH to relative humidity, WD to wind direction
and WS to wind speed). Based on the results from these two per-
spectives, the scale compatibility between the multiscale DEM data
and model was analyzed.

Scale compatibility between the multiscale DEM data and the model

Evaluation of the capacity to express topography
Monitored elevation data were used to compare topographic

surface biases for the multiscale DEM data and models. For each
DEM from the corresponding model, vertical elevation errors be-
tween the observed and abstractedmodels were calculated for each
point from 45 stations using the following equation:

EðSiÞ ¼ PðSiÞ �MðSiÞ: (2)

Here, E(Si) is the error at location Si, P(Si) represents the pre-
dicted value of the DEM at location Si and M(Si) denotes the
measured value at location Si. The root mean square error (RMSE)
andmean absolute error (MAE), based on definitions byWang et al.
(2009) (e.g., unsigned error), were also calculated to measure the
global accuracies of the surfaces (Table 4).

Two points can be concluded based on the analysis in Table 4.
First, the residual RMSE and MAE between surfaces and validation
Table 2
Model physics and dynamics options.

Options Schemes

Microphysics SBU-YLin, 5-class scheme
Longwave radiation RRTM scheme
Shortwave radiation Dudhia scheme
Surface layer option Monin-Obukhov scheme
Soil layer option Noah land surface model
Land surface option Unified Noah land surface model
Boundary layer option YSU scheme
Cumulus option Kain-Fritsch scheme
points indicate that the 3 arc sec DEM from the 1 km model pro-
vides the best expression. Second, for a finer scale model, finer scale
DEM data provide a better topography expression. However, this
situation is different for coarser scale models.

Does this divergence in the capacity to express topography
affect the meteorological field simulation? If the answer to this
inquiry is ‘yes’, then what scale, data and model demonstrate more
compatibility to reproduce the meteorology over the studied area?
Capacity evaluation to reproduce meteorological processes
To investigate the scale compatibility between the data and

model, we evaluated the dynamic simulation accuracy using the
MAE to measure the scalar variable. This computation of MAE was
revised accordingly to estimate circular variance (wind direction).
Fig. 6 shows the validation results for the multiscale DEM data and
models with reference to observations from eight typical weather
stations. For temperature and relative humidity, the finer the data,
the more accurate the simulation results. Within the same model
scale (i.e., 1 km), discrepancies in DEM data due to different reso-
lutions constituted as much as 38% of the total MAE in temperature
reproduction (Fig. 6a). This result implies the scale compatibility
significance when data are used in simulations. Meanwhile, esti-
mating the uncertainty of dynamic simulations from imperfect data
is advantageous. Furthermore, when considering wind velocity,
high-resolution DEM data still provide better simulation results,
although the trend is not as significant. However, the trend is less
clear for wind direction, most likely because the time scale used in
the validation was unsuitable. In Hong Kong, wind is extremely
variable due to complex topography and sea-land breeze. There-
fore, the daily average wind direction might not be typical enough
to estimate the scale compatibility between topographic data and
the model. In summary, considering the four meteorological vari-
ables from four domains in a dynamic model, DEM data with 3 and
30 arc sec resolutions and a 1 km model provide the best
reproduction.



Fig. 5. Scale compatibility study framework of multiscale DEM data and the WRF model.

C. Zhang et al. / Applied Geography 52 (2014) 135e143140
Discussion

To evaluate scale effect and compatibility, computational effi-
ciency was also considered in this analysis. The results showed that
the time taken to obtain the simulation results was not significantly
lengthened when using detailed DEM data. The differential
Table 3
Eight selected stations for meteorological validation.

Station name Longitude Latitude Elevation (m)

Hong Kong Observatory 114.1742 22.3019 32
Nei Lak Shan 113.9111 22.2633 747
Hong Kong International Airport 113.9219 22.3094 6
Ching Pak House (Tsing Yi) 114.1092 22.3481 122
Tate's Cairn 114.2178 22.3578 575
Tai Po 114.1789 22.4461 15
Wetland Park 114.0089 22.4667 4
Tap Mun 114.3606 22.4714 15
equation computations that determined meteorological conditions
were more time consuming than DEM data processing.

Based on the experimental results, the following conclusions
regarding the scale compatibility betweenmultiscale DEM data and
models in simulating a meteorological field over the studied area
were drawn. 1) The different resolutions of DEM data and model
setting affected the capacity of dynamic simulation, even ac-
counting for 38% of the MAE. 2) Finer scale models are more sen-
sitive to changes in DEM scale data than coarser ones, as illustrated
by the MAE of topographical expression capacity, temperature and
relative humidity simulation. As shown in Fig. 6a and b, the MAE
decreases dramatically for the 1 km grid spacing model (domain 4),
and the slopeweakenswhen themodel grid spacing becomes large.
However, given the dependence of model scale and meteorological
variables, it is difficult to conclude that the error decreases in the
modeling results as the spatial resolution of the input data are
improved, which may be due to the coherent effect from both
model and input data. 3) Regarding the MAE of topographic
expression and simulated meteorological field, the 3 and 30 arc sec



Table 4
Global statistics summarizing the validation errors for multiscale DEM data and the model.

Model
domain

Model grid
spacing (km)

DEM
resolution

MAE (m) Min error (m) Max error (m) Range (m) RMSE (m)

1 27 10 arc min 105.458 �74.17238 893.21913 967.39151 209.7969
1 27 2 arc min 104.9682 �57.67582 894.85195 952.52777 210.2143
1 27 30 arc sec 106.7903 �74.47359 885.15499 959.62858 210.007
1 27 3 arc sec 124.3945 �107.4932 849.9256 957.4188 207.5968
2 9 10 arc min 107.1517 �89.1978 859.36944 948.56724 206.3295
2 9 2 arc min 102.0897 �126.2455 808.0195 934.265 198.0149
2 9 30 arc sec 102.7571 �127.5296 814.7288 942.2584 198.1462
2 9 3 arc sec 115.1197 �153.4283 787.9332 941.3615 197.7991
3 3 10 arc min 106.3394 �94.4999 844.5648 939.0647 203.7569
3 3 2 arc min 91.78251 �143.6018 640.998 784.5998 162.1727
3 3 30 arc sec 84.22306 �137.0462 557.7419 694.7881 143.3935
3 3 3 arc sec 85.29091 �146.4543 546.2455 692.6998 143.7579
4 1 10 arc min 106.0111 �97.5142 841.547 939.0612 203.08
4 1 2 arc min 86.47708 �139.8105 557.8616 697.6721 147.0135
4 1 30 arc sec 54.50903 �94.77366 313.1541 407.92776 81.30814
4 1 3 arc sec 50.86265 �104.7876 295.9706 400.7582 79.07633
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resolutions DEM data are relatively more compatible with the WRF
model of 1 km grid spacing in this case study. Other DEM data and
model resolution combinations might have unacceptable scale
compatibilities from the perspective of the modeler.

Conclusions

Along with research into the dynamics of geography, multiscale
characteristics constitute a key problem facing geographic re-
searchers. Thus, with increasing geographic data and models, scale
matching has become a significant issue when attempting to deter-
mine appropriate scale ranges to study geographic dynamics. In this
paper, based on a three-tiered scale concept, scale compatibility was
Fig. 6. Comparison of modeled and observed variables to identify the effects of scale on th
respectively; 30 and 3 s denote 30 and 3 arc sec, respectively).
identifiedandpartitioned into four groupswith differentoperational
levels. For each compatibility group, relevant recent literature was
reviewed to improve the understanding of such issues. Thus, by
partitioning the complex scale compatibility into more manageable
groups with procedures that account for multiple processes, di-
mensions, types and components of scale, understanding and
assessing scale compatibility have become practical. Some
commonly used indicators to estimate scale compatibility was also
discussed. The output from this work will help researchers to sys-
tematically evaluate scale compatibility, reducing the negative ef-
fects from scale mismatching by considering scale matching.

Applying the proposed procedure to assess scale compatibility,
we used a meteorological simulation in Hong Kong as a case study
e simulation results in the data and model (10 m and 2 m represent 10 and 2 arc min,
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and investigated the scale compatibility between multiscale DEM
data and the WRF model. Through the reproduction of this mete-
orological field over Hong Kong, our findings showed that DEM
data with 3 and 30 arc sec resolutions are relatively more
compatible with theWRFmodel of 1 km grid spacing in such a case
study. Simultaneously, the MAE induced by scale mismatching was
stronger than the model grid spacing variation that has been
identified as the sixth most important factor in the forecasting
capacity of mesoscale meteorological models (Zhu & Xu, 2004). As
shown in Fig. 6, the differences between the four domains with the
same DEM scale data are not as great as the differences when the
same domain is used with DEM data of different scales. Thus, with
the implementation of scale compatibility, this case study might
provide a practical contribution to meteorological simulations.
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