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Abstract The Northwest Seismic Network of Mexico (RESNOM) is operated by personnel from the Center Production m‘t‘?“
for Scientific Research and Higher Education of Ensenada, Baja California (CICESE), which supervises station ‘ ﬁa‘r(eltﬁf#?";'?g
installation, improvement, and maintenance. We employed seismic noise and the Horizontal to Vertical Spec- ‘ Pabib Heres'
tral Ratio (HVSR) method to determine, for each station, the following site condition parameters: the depth Copy & Layout Editor:

of the rock layer (Heng_teq) and the geotechnical parameter Vs, obtained from 1D shear wave velocity mod- Ethan Williams
els. Other parameters such as the fundamental frequency (f,) and the average amplitude at the fundamental

frequency (Ao) were also estimated. Our results show clear differences between the values obtained for the Re :
Mexicali Valley and the Peninsular ranges regions. The Vs3 obtained for stations of the Mexicali Valley region November 14, 2023
falls in the range from 173 m/s to 535 m/s, while for the Peninsular Ranges region it is between 213 m/s and Septembe'"r‘"ilﬂg;;‘
958 m/s. Regarding the Heng_tes parameter, the values are similar between both regions, from 23 m to 850 m for Published:
the Peninsular and from 42 m to 926 m for the Mexicali Valley. Additionally, from the Vs3, values, we propose
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the site classification according to the U.S. National Earthquake Hazards Reduction Program (NEHRP).

Non-technical summary seismic station characterization provides information about the seismic
conditions of subsoil. The spatial distribution of these seismic conditions could have implications for seismic
hazard assessment. The Northwest Seismic Network of Mexico (RESNOM) is operated by the Center for Scien-
tific Research and Higher Education of Ensenada, Baja California (CICESE) personnel. We employed seismic
noise and the Horizontal to Vertical Spectral Ratio (HVSR) method to determine the site condition parameters
for each RESNOM station. Our results show clear differences between the values obtained for the Mexicali Val-
ley and the Peninsular Ranges regions. From the Vs3, values (which is an important geotechnical parameter),
we propose the site classification of the stations according to the U.S. National Earthquake Hazards Reduction
Program (NEHRP).

1 Introduction mechanical properties at each site (Tramelli et al., 2010;

The Red Sismica del Noroeste de Mexico, RESNOM, is a
seismic network belonging to the Centro de Investigacion
Cientifica y de Educacion Superior de Ensenada, Baja Cal-
ifornia (CICESE). Since RESNOM was created in 1978,
CICESE has been responsible for installing, improving,
and monitoring the seismic stations (Zufiiga and Cas-
tro, 2005). It was designed to detect, record, and catalog
the seismic activity in the north-western part of Mex-
ico, specifically in northern Baja California and north-
western Sonora. The seismic activity in this region is
caused mainly by the interaction between the North
American and the Pacific tectonic plates, where the
recorded earthquakes go from M ~1 microquakes to M
> 7.0 events, e.g., the My 7.2, El Mayor-Cucapah earth-
quake, which occurred on April 10, 2010 (Hauksson
et al., 2010).

The site conditions are defined mainly by the subsoil
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Nogoshi and Igarashi, 1971; Flores-Estrella, 2001). They
are a key element of the ground motion characteristics
and how this can be modified in terms of amplitude, du-
ration, and frequency content. The site conditions, also
known as site effects, have a significant impact on haz-
ard and risk assessments (Cornou and Bard, 2019; Cul-
trera et al., 2021).

The availability of site characterization for seismic
stations has recently become an important analysis sub-
ject, mainly because of the worldwide increment in seis-
mic networks (Cornou and Bard, 2019; Cultrera et al.,
2021; Giulio et al., 2021). According to different studies
(Bergamo et al., 2019; Cultrera et al., 2021; Giulio et al.,
2021, among others), the optimal parameters to char-
acterize the site conditions are: the fundamental fre-
quency, fo; the shear wave velocity Vs profile (i.e., shear
wave velocity variation with depth); the time-average
of Vs over the upper 30 m, Vss; the depth to bedrock,
Heng ped; as well as the surface geology.
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Figure1 Seismological stations of the RESNOM seismic network in north-western Mexico. The SPIG station belongs to the
SSN network. The small map shows the north part of Baja California. The main fault systems are shown.

The Vg3 was the first parameter used to define site
classes and site coefficients to estimate site-dependent
response spectra (Borcherdt, 1992, 1994). Nowadays,
the Vi3 is a well-accepted and robust parameter used to
characterize local site response (Hollender et al., 2018;
Sairam et al., 2019; Ramirez et al., 2020; Cultrera et al.,
2021). Another parameter is the engineering bedrock
Heng pea (Cultrera et al., 2021), which corresponds to the
depth where Vg reaches a value of 800 m/s or 1.5 km/s
(EC8, 2004; Luzi et al., 2011; Bergamo et al., 2021; Bard,
2021; Giulio et al., 2021). According to Cadet et al.
(2012a), the combination of different site-condition pa-
rameters, also known as proxies (Cultrera et al., 2021),
results in a better soil characterization.

In a previous study, Castro et al. (2001) analyzed the
site conditions of the RESNOM network when it was
composed only of eight stations. These authors re-
ported significant site effects on one of the stations,
due probably to the near-surface geological conditions
or topography. Since then, the network has grown to
its present state, with 27 broad-band stations located
mainly on rock (see Table S1, supplementary material,
and Figure 1), and has steadily improved the data quality
and resolution (Zufiiga and Castro, 2005). However, as
with most seismic networks worldwide, the character-
ization of the site conditions has been somewhat over-
looked (Cultrera et al., 2021; Giulio et al., 2021).

In this work, we define the site characteristics of ev-
ery station of the RESNOM seismic network. Using seis-
mic noise data, we estimate the proxies Vszp and Heng ped,
and obtain the parameters fp and Ao.

2

2 RESNOM Seismic Stations

RESNOM currently operates with 27 stations. Each
station is equipped with three-component broad-band
seismographs (Table S1) and acceleration sensors with
continuous recording. The seismic instrumentation is
installed in two types of stations: container-type and
booth-type (CICESE, 1980). All stations feature thermal
insulation and are positioned on concrete bases. The
map in Figure 1 shows the location of the RESNOM sta-
tions. The northern part of Baja California consists of
two geological regions: the granitic Peninsular Ranges
(Krummenacher et al., 1975; Gastil; Ramirez et al., 2019)
and the sedimentary environment of the Mexicali Valley
(Vidal-Villegas et al., 2018; Ramirez et al., 2019). A ma-
jor description of geology can be found in Gastil et al.
(1975), Krummenacher et al. (1975), Gastil, and Kim-
brough et al. (2001). Table S1 provides information
on the station’s location, dynamic range, frequency re-
sponse, and geological site for the broad-band instru-
ments.

3 Methdology

The analysis was performed using only the broad-band
seismometers. We consider two-hour of seismic noise
recorded on Sunday, June 6™, 2021. We chose this day
for having a low anthropogenic seismic noise contribu-
tion. For the pre-processing, every seismic trace was
detrended, baseline corrected, tapered, and bandpass
filtered between 0.05 and 35 Hz. For the analysis, we
consider 30 s length windows, which were automati-
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Figure2 A)Example of seismic noise signals for the three motion components at station CCX. The color rectangles indicate
the selected windows with an STA/LTA algorithm and an anti-trigger filter (details within the text). B) HVSR curves calculated
for all selected windows; each colored line corresponds to the time windows in A). The vertical yellow arrow indicates the f,.
The continuous black line indicates the average, and the dashed black line indicates the standard deviation.

cally selected using an STA/LTA algorithm with the fol-
lowing parameters: Min STA/LTA = 0.2, Max STA/LTA =
2.0. These selection parameters avoid most transients
and those windows with abnormally low amplitudes
(Atakan et al., 2004).

For each selected window, we calculate the Horizon-
tal to Vertical Spectral Ratio (HVSR) curves using the
root mean square value of the horizontal components
(Nogoshi and Igarashi, 1971; Nakamura, 1989, 1996,
2000):

Hf) = N(f) ;E(f) (1)
HVSR(f)I‘;T((g (2)

where N(f), E(f), and V(f) are the spectra of the North-
South, East-West, and Vertical motion components, re-
spectively.

We applied the Horizontal to Vertical Time Frequency
Analysis (HVTFA, Fih et al., 2009), originally proposed
by Kristekova (2006), which is a module in the GEOPSY
software (Wathelet et al., 2020). HVTFA employs a con-
tinuous wavelet transform based on modified Morlet
wavelets (Lardies and Gouttebroze, 2002) to transform
the three signal component into the time-frequency do-
main (Knapmeyer-Endrun et al., 2017).

Figure 2A shows an example of the seismic noise sig-
nals for the three motion components at station CCX
(Figure 1). The colored rectangles indicate the selected
windows considering the above-described parameters.
Figure 2B shows the HVSR curves obtained for each
time window, using a Konno-Ohmachi smoothing at 40.
The colored lines indicate the HVSR curve for every 30-
second window, the continuous black line indicates the
average, and the dotted black lines indicate the standard
deviation. Our objective is focused on defining shallow
conditions; therefore, we considered frequencies > 0.8
Hz.

3

Usually, the resonance frequency fy at sites with high
impedance contrast appears as a sharp peak in the
HVSR curves (Bonnefoy-Claudet et al., 2006a,b; Lermo
and Chavez-Garcia, 1993, 1994a,b; Nakamura, 1989,
1996). The fundamental frequency corresponds to the
first low-frequency peak with amplitude >2 (Cadet et al.,
2012b). For seismological network stations, in the ideal
conditions (installed on rock sites) high impedance con-
trast is not expected; therefore, we do not expect sharp
peaks within the HVSR curve. The high impedance
contrasts (presence of sediments) between subsurface
layers generally manifest as sharp peaks in the HVSR
curve. However, this methodology can also be applied
to obtain an accurate estimation of f, and Ay (SESAME,
2004). Also, it is very important to keep clear the dif-
ference between the maximum amplitude observed in
the HVSR peaks and the site amplification. Many times,
it is an accurate reference to define the amplification
in a site, related to a specific frequency (main peak of
the HVSR curve), however, it is not as simple as directly
the value of the maximum amplitude of the HVSR ratio
(Bonnefoy-Claudet et al., 2006a).

Some authors assume that the HVSR curve is related
to the ellipticity of Rayleigh waves and that the observed
features on the HVSR curves (amplitude, peaks, etc.)
can be directly related to the discrepancies on the el-
lipticity curves and, therefore, with heterogeneities of
the subsoil (Bard, 1999; Malischewsky and Scherbaum,
2004; Malischewsky et al., 2010; Zor et al., 2010; Tuan
etal., 2011; Flores et al., 2013). Furthermore, the com-
plete HVSR curve can be inverted to estimate the vari-
ation of the Vs with depth, i.e., the shear wave veloc-
ity profile (Malischewsky and Scherbaum, 2004; Malis-
chewsky et al., 2010; Zor et al., 2010; Tuan et al., 2011,
Flores et al., 2013; Wathelet et al., 2020).

We consider a three-stage inversion scheme: (1) de-
velopment of the target inversion, i.e., calculate the
HVSR curve for each station, explained before and re-
sults shown in Figure 2; (2) parametrization, i.e., an ini-
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Figure3 A)Inthedarkline,the HVSR averaged curve, in colors, the ellipticity curves for the inverted models. The color scale
represents the misfit values. B) Vs (1) model and Vs (2) model at 40 m depth for CCX station. The solid blue line represents the
velocity model with the minimum value of misfit.

Station  No. Windows f;(Hz) A, min. misfit  Vss (m/S)  Heng_bed (M)

AGSX* 106 1131 33 1.08 535 42
ALAMX 85 2203 24 0.93 417 165
CBX 108 1559 32 1.04 470 96
CCX 99 3437 21 1.48 614 78
CHX 153 0566 16 0.96 392 462
CORX 17 4292 24 1.26 575 7
CPX* 200 1638 6.8 1.44 473 88
DOCTX* 110 1103 18 0.51 383 293
GUVIX* 128 1.025 27 0.85 249 926
JARAX* 147 0951 3.7 1.07 249 306
PBX 132 3437 45 1.49 577 38
PESCX* 134 1.050 3.0 0.82 319 247
PIX** 92 0841 16 0.73 213 450
RHX* 42 2373 12 1.04 251 925
RITX* 117 1103 25 0.61 360 206
RMX 95 1764 20 1.15 495 122
SFX 166 3793 21 117 276 841
SJX 151 9696 75 0.86 958 23
SLRCX* 122 0951 22 0.85 520 212
SPIG 143 9.696 16 0.74 405 838
SQX 142 2963 22 0.94 380 138
Svax 91 7763 2.0 0.98 297 850
TIX 197 0365 1.7 0.71 260 333
TKX 90 485 2.5 0.85 383 695
TL2X* 147 1.000 2.7 0.93 454 147
UABX* 159 0762 29 0.70 173
VTX 71 5360 3.8 0.84 539 39
YuC2x* 129 0928 29 0.80 426 166

Table1l Number of windows to obtain the HVSR curve, the fundamental frequency f,, the average amplitude at f, (4y), the
minimum misfit between observed and synthetic HVSR curves (adjustment of ellipticity curve), Vsso, and Hepg_peq depth for
the RESNOM stations. The stations marked with * belong to the Mexicali Valley region, the rest to the Peninsular. The PIX
station (**) corresponds to Sonora province.
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Figure 4 HVSR curves for A) CHX, B) TJX, and C) UABX stations. The continuous black line indicates the average, and the
dashed black line is the standard deviation. Vertical yellow arrows indicate the f,.

tial 1D multilayered velocity model, defined by thick-
ness H, mass density p, shear velocity Vs, and compres-
sional velocity Vp for each layer, starting with a simple
and wide open velocity and depth model, using at first
the higher frequencies to model the near surface lay-
ers, adding more layers at depth to model the peaks with
lower frequencies; and (3) the selection of the tuning pa-
rameters inversion, number of initial models, number
of iterations, number of models per iteration, and num-
ber of models to consider when resampling (Vantassel
and Cox, 2021).

The inversion of the HVSR curves is performed with
an iterative process, starting from the initial model pro-
posed in stage two. The parameters are modified in
each iteration to reach the smallest misfit between the
observed HVSR and the theoretical curves calculated
for each shear wave velocity profile (Xia et al., 2003).

5

This misfit is calculated based on the following equation
(Arintalofa et al., 2020):

N

. 1 D; — M;\?
misfit = ¥ Z (ai ) (3)

i=1

where N is the number of data points from the HVSR
curve, D; is the data resulting from inversion, M; is the
soil structural model appropriate to the parameter input
on the reference model, and o; is the error of data mea-
surement. A misfit one unity value represents that the
predicted data fit to the observed data one standard de-
viation, in average (Gosselin et al., 2022), which means
how far the generated model is from the observed data
(Wathelet et al., 2008). Since D;, M;, and o; have the
same units, the misfit is non-dimensional.

The sensitivity of the inversion procedure is closely
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Figure 5 Broad-band seismological stations of the RESNOM seismic network and the Vs3, values obtained for each station.

related to the frequencies and wavelengths that can
be evaluated. Higher frequencies provide information
about shallower subsurface layers with greater resolu-
tion due to shorter wavelengths. In contrast, lower fre-
quencies are sensitive to deeper structures because of
their longer wavelengths. In this work, we observed
that the ellipticity curve exhibits a peak at low fre-
quencies, indicating a significant impedance contrast at
greater depths (~1000 m). The inversion of the HVSR
curves is performed in the complete frequency domain,
i.e., all frequencies obtained from the HVSR curve cal-
culation are considered.

The inversion technique used can fit the HVSR curve
with multiple different models. This is a well-known is-
sue in geophysical inversions, where different combina-
tions of model parameters can produce similar fits to
the observed data, leading to non-uniqueness in the so-
lutions. It is often necessary to incorporate priori in-
formation or constraints on Vs values to mitigate this
uncertainty. These constraints can come from inde-
pendent measurements, such as borehole data, or from
well-established geological and geophysical knowledge
of the area under study. By integrating these additional
constraints, we can narrow down the range of possible
models and improve the reliability of the inversion re-
sults. In our analysis, we carefully considered the po-
tential trade-offs and incorporated available constraints
on Vs to enhance the robustness of our models. As we
only have geological information, we seek to correlate
the velocity models obtained with ranges of values con-

6

sistent with the present lithology.

Figure 3 shows the results of this procedure for the
CCX station. Figure 3A shows in solid black line the av-
erage of the observed HVSR curves (Figure 2B) and the
colored lines the HVSR curves of each inverted model;
the color scale refers to the misfit between these two.
Figure S-1 (supplementary material) shows the fit for
each station. Figure 3B shows the inverted velocity pro-
files at 1) full depth and 2) more detailed down to 40 m
depth.

From the full-depth inverted velocity profiles Vs, we
define the depth of the engineering bedrock Heng ped
(Cultrera et al., 2021)—that is, the depth where V;
reaches a value of 800 m/s (EC8, 2004; Luzi et al., 2011,
Bergamo et al., 2021). The more detailed profiles, down
to 40 m depth, were used to obtain the value of Vi3, i.e.,
the average velocity of the shear wave in the first 30 m
depth in each 1D V; profile.

4 Results and Discussion

Table 1 summarizes the results obtained for each station
(fo, Ao, Vsso, and Heng peg); it also shows the number of
time windows used for the analysis and the minimum
misfit obtained by the iterative inversion of the HVSR
curves.

For most stations, the fundamental frequency ex-
ceeds 0.8 Hz except for the CHX, TJX, and UABX, which
show fundamental frequencies below 0.8 Hz (Figure 4),
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Stations Site Class Vs30 range (m/s)
- A (Hard rock) >1524
SIX B (Medium hard rock) 914 - 1524
- BC (Soft rock) 640-914
AGSX, CBX, CCX, CORX, CPX, PBX, RMX, SLRCX, TL2X, VTX C (Very dense sand or hard clay) 442 - 640
ALAMX, CHX, DOCTX, PESCX, RITX, SPIG, SQX, TKX, YUC2X CD (Dense sand or very stiff clay) 305-442
GUVIX, JARAX, RHX, SFX, SV2X, TJX D (Medium dense sand or stiff clay) 213-305
PIX, UABX DE (Loose sand or medium stiff clay) 152-213
- E (Very loose sand or soft clay) <152

Table2 Site classification for the RESNOM stations in terms of Vs3y, according to NEHRP (2020).

Figure 6 Photograph showing the weathered rock out-
crop where the RHX station is located (Courtesy of RSC).

the first two located in the Peninsular region and the last
one in the Mexicali region (Figure 1). However, the stan-
dard deviation below 0.8 Hz is higher, and the values
could be considered less reliable. The frequencies seem
to be concentrated between 0.365 Hz to 5.360 Hz. Out of
this range are SJX and SPIG, located in Sierra Juarez and
Sierra San Pedro Martir, respectively, and SV2X on the
Pacific side, all of these stations located in the Peninsu-
lar region (Table 1 and Figure 1).

The geology of the SJX site consists of granodiorite
(Table S1), which explains the inferred fundamental fre-
quency of 9.696 Hz. We found the same fundamen-
tal frequency for the SPIG station (Table 1), located on
metamorphic gneiss (Figure 1 and Table S1). However,
for this site, the estimated value of the Vg3, velocity (405
my/s) was lower than the one determined for SJX (958
my/s) (Figure 5). The frequencies range varies from 0.762
Hz -2.373 Hz and from 0.365 Hz to 9.696 Hz for Mexicali
and Peninsular regions, respectively.

The amplitude A, for most RESNOM stations is be-
tween 1.2 and 3.8. The stations out of this range define a
profile from the Pacific to the deformation zone, PBX on
the Pacific side, SJX in Sierra Juarez, and CPX located in
the deformation zone. From Figure S-2 (supplementary
material), we can observe that the thickness of the sed-
iments is major in the deformation zone than those in
the Pacific side and minor in the Sierra Juarez, at least
for these stations. The values found for A, agree with
those reported by Avila Barrientos and Castro (2016).

7

The authors reported A, values between 1.5 and 13 from
HVSRs with seismic records. The range of Apis1.2t06.8
and 1.6 to 7.5 for the Mexicali and Peninsular regions,
respectively.

We observed that the Vg3 value for the stations lo-
cated in the Mexicali Valley ranges from 173 m/s (UABX
station) to 535 m/s (AGSX station) (Figure 5). While for
the Peninsular region, the Vg3, value varies from 260
m/s (TJX station) to 958 m/s (SJX station) (Figure 5).
The results found show a great dispersion, which cor-
responds with the heterogeneity of the region. The Vg3
values defined by our seismic noise analysis are in good
agreement with the existing description of the geology.
The minimum Vg3 values correspond to places located
on sediments, e.g., The TJX station (city of Tijuana)
located on poorly consolidated sediments (Delgado-
Argote et al., 1996; Avila Barrientos et al., 2023) (Figure
5), and in opposite the higher values are in rock as the
SJX station (Figure 5), located in the north-central part
of Baja California (Sierra Judrez, Figure 1). Figure S-
2 (supplementary material) shows the Vg3 profiles for
each station.

According to the Vg3, values obtained for each station
and the soil classification defined by NEHRP (2020) in-
dicates that most stations are classed as type C and CD,
meaning dense sand or hard clay and dense sand or very
stiff clay, respectively (Table 2). However, according to
the lithology RHX station, it is in intrusive igneous acid
rock (Table S1, Figure 5), but the results show that the
subsoil corresponds to sediments (Tables 1 and 2). This
can be explained because the rock in the site is weath-
ered, as can be observed in Figure 6. Due to the weath-
ered rock, different sites located on rock have proper-
ties more similar to sediments than healthy rock.

The Hyy peq depth for the Peninsular region varies
from 23 to 850 m; the minimum depth belongs to the SJX
station, which also has the highest Vg3, value (Figure 5),
while the maximum depth was found for the SV2X (Vg3
=297 m/s, Figure 5). In the Mexicali region, we found
the shallow value for the AGSX station (42 m), which has
the highest Vg3 value in the region (Figure 5), and the
maximum depth value was found for neighbor station
GUVIX (926 m); however, our inverted models for the
UABX station do not reach the H,g 1.4 depth, suggest-
ing a Hepg peq depth greater than 1.1 km. The two neigh-
bor stations, GUVIX and AGSX, show different Hy ped
depths, which we speculate could be related to the het-
erogeneity in the zone due to the crust deformation by
the interaction between the North American and Pacific
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Figure T Heng ped Versus Vs, for all stations. Different symbols represent the site classification based on the Vs3, value fol-

lowing NEHRP (2020), shown in Table 2.

plates.

Most of the stations classified as C type (Table 2) have
Heng pea depths <100 m; the rest of the stations (RMX,
SLRCX, and TL2X), which represent the 30% of the C
type, show depths <250 m. Most of the stations (66.66%)
classified as CD have depths between 138 and 293 m.
The deeper parameter is found for the SPIG station, lo-
cated in Sierra San Pedro Martir (metamorphic gneiss,
Table S1; Figure 1), with 838 m, where we speculate the
rock is fractured, which could reduce the seismic veloc-
ity. This station is among those with the deepest H.yg_peq
values: GUVIX (926 m), RHX (925 m), SFX (841 m), SV2X
(850 m), and TKX (695 m), the first two belong to the
Mexicali and the rest to the Peninsular regions. From
Figure 7, itis possible to observe that these stations have
Vss0 velocities between 249 and 405 m/s. We also can ob-
serve a logic inverse trend for the shallow 400 m so that
when the V3 increases, the Hen, p.q becomes shallower.

5 Conclusions

This study, utilizing seismic noise analysis and HVSR
curves inversion, represents the first attempt to provide
the values of the main proxies for all the RESNOM sta-
tions. The proxies fp and A, agree with the expected val-
ues for seismological stations located on healthy rock.
The soil classification from the Vg3 proxy corresponds
to the description of the geology of each station; this
supports and validates our results and the use of seismic
noise for obtaining proxies for seismic networks. The
study enabled us to determine that the healthy proper-
ties of the rock at the RHX station are lost due to weath-
ering.

The sediment thickness plays an important role in the
amplification site since no relationship is observed be-
tween frequency and amplification. Based on the val-
ues obtained for the main proxies, the SJX station shows
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a relationship among different proxies, increasing fre-
quency as increases A, and Vg3, and showing shallow
depth for H,g peq; Thereafter, the SJX station can be con-
sidered a reference station for future studies.

The Mexicali and Peninsular regions show differ-
ences among parameters, particularly for high param-
eter values. These differences can also be observed
within each region, which supports the heterogeneity
of the zone due to the interaction of the North Ameri-
can and Pacific plates.

Given their potential implications for seismic hazard
assessments, a more local and exhaustive analysis in ar-
eas presenting Vg values lower than 300 m/s is strongly
recommended. The use of different analysis methods
or other geophysical surveys (e.g., MASW and geoelec-
tric) will help to better constrain the parameters that we
define with this first approach.
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