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SUMMARY

Using records from co-located broad-band and digital strong motion instruments, it is first shown that the displacement waveforms obtained by double integration of the accelerogram need not be free of unrealistic baseline drift to yield reliable spectral ordinates up to at least 10 s. Secondly, to provide objective criteria for selecting reliable digital strong motion records for ground motion predictions at long periods, a set of synthetic accelerograms contaminated by random long period noise has been used and the difference between the original accelerograms and the spurious ones in terms of response spectra has been quantified, by introducing a noise index that can be easily calculated based on the velocity waveform of the record. The results of this study suggest that high-pass filtering the digital acceleration record from a cut-off period selected to suppress baseline drifts on the displacement waveform appears to be in most cases too conservative and unduly depletes reliable information on long period spectral ordinates. 
KEY WORDS: displacement response spectra, long period noise, digital accelerograms.
INTRODUCTION 
Performance-based seismic design has become one of the leading concepts of modern earthquake engineering, requiring the structural design to comply with specific performance requirements, typically defined in terms of allowable maximum structural displacement or drift during seismic shaking.
Different procedures for performance-based seismic design have been proposed in recent years, a thorough introduction and comparison of which is reported in FEMA-440 [1,2]. The most relevant feature of such procedures is that they all require a suitable definition of the seismic action in terms of spectral displacement, in addition to the classical input in terms of spectral acceleration. Some of these, referred to in [1] as displacement modification procedures, are based on the correction of the elastic single degree-of-freedom (DOF) response by suitable empirically based coefficients. On the other hand, the so-called equivalent linearization procedures, including the direct displacement-based design approach [3], introduce a substitute 1 DOF elastic oscillator with increased period and damping to ensure an energy dissipation equivalent to that of the nonlinear system. The latter approach may require the determination of displacement response spectral ordinates at periods larger than  3 or 4 s, up to about 10 s. At these large periods, the lack of accuracy of traditional strong motion data has long been considered as a major limitation to determine reliable displacement spectra.
The diffusion of displacement-based design approaches, together with the fast increase of digitally recorded strong motion accelerations worldwide, has promoted an ever increasing interest of researchers on the determination of reliable displacement spectral shapes useful for design (see  e.g. Faccioli et al. [4]). However, even in the Next Generation Attenuation (NGA) models [5] presently under review and trial use in the United States, the reliable period range is restricted by the constraints imposed by the high-pass data filtering. The effect of such constraints on a calibration dataset is documented in [6, 7], showing that the potential number of records available to develop their ground motion prediction equations significantly decrease at periods higher than 3 s, even considering digital data only.
One key problem in defining suitable displacement spectra for design is the recovery of reliable response spectral ordinates from acceleration records up to the largest periods of potential interest and applicability within the performance-based design approaches. Since the usable period range of analog records is generally limited to about 3 s, or less, we have only considered digital accelerograms, and tentatively selected a value T = 10 s as the limit structural period of interest for our study; however, for a better understanding of the results, an even larger period range will also be considered.

Several studies, such as [8] and [9], have already pointed out that the long period spectral ordinates of digital accelerograms depend only weakly on the adopted baseline correction (BC) procedures, in opposition to the dramatic effect of the latter on the displacement waveforms. More recently, ground motion records of the 2003 San Simeon California earthquake (M6.5) from co-located accelerometers and 1-sample-per-second GPS were compared, finding that the accelerometers provided good estimates of ground motions at periods up to and exceeding 30 s [10]. 

These studies suggest that the response spectra from digital records are reliable up to periods much longer than usually thought. However, the limited amount of data supporting this suggestion, and the difficulty to objectively determine the error with respect to unknown “noise-free” spectral ordinates, has restricted so far the potential impact of such observations.
In the framework of an Italian project to produce national hazard maps at long periods, which lead us to assemble and process a worldwide digital ground motion acceleration database consisting of about 1300 records, we have verified in most cases the limited sensitivity of the long period response spectral ordinates, up to at least T = 10 s, with respect to the procedure adopted for the accelerogram baseline correction.

The previous research framework and preliminary findings motivated the present research, with the objective of achieving a quantitative evaluation of the reliable period range from digital strong motion records and of introducing criteria for selection of records for ground motion prediction at periods longer than usually considered in seismic hazard analyses.
SPECTRAL DISPLACEMENTS FROM BROADBAND SEISMOMETERS AND STRONG MOTION ACCELEROMETERS
It has generally been considered as a pre-requisite for accurate processing of strong motion records at long periods that the displacement traces obtained by double integration of the corrected accelerograms be free from unrealistic baseline drifts. Based on this criterion and an analysis of the records from the European Strong Motion Database (ESMD), Akkar and Bommer [11] have estimated that spectral displacements from digital records are accurate up to 0.65-0.70 Tc or up to 0.80-0.97 Tc, Tc being the filter cut-off period, depending on the conservatism of the tolerance criterion adopted. Since most digital records in the ESMD are in the magnitude range from 5 to 6, and since for those records an average Tc around 7 s was applied [11], even under the less conservative assumptions, the resulting spectral displacements should on average be reliable only up to 5-7 s . 
As noted above, this conclusion stems from the untested assumption that physically unrealistic trends should be removed from the velocity or displacement traces, before long period spectral displacements are estimated. Feeling that this assumption may be overly restrictive, we first investigated some of the few available examples where the same earthquake ground motion had been recorded by both co-located digital strong motion (SM) and broadband (BB) instruments. Unlike other studies where the similarities of displacement records from closely spaced BB and SM instruments (distance < 1 km) were used to confirm the reliability of large and localized peaks of displacement response spectra at periods between 5 to 10 s [12], the specific feature of our study is that the instruments are actually co-located so that, in the ideal conditions of vanishing long period noise, they should provide identical response spectral ordinates. 

One such pair of records was obtained during a Mw4.4 earthquake in North-Western Italy at 17 km epicentral distance, the triaxial SM receiver being an Episensor, and the BB seismometer a triaxial 40-s Trillium. The SM acceleration record was processed by simply subtracting from the entire record the baseline drift calculated on the pre-event window, and the same correction was made on the velocity waveform of the BB record. As shown in Figure 1 for the two horizontal components, such 0th order baseline correction procedure (hereafter denoted as “pre-event BC”) on the SM records was not sufficient to remove the unrealistic drift from the coda of the displacement traces. In spite of this, the average error in terms of 5% damped spectral displacements between 7 s and 11 s is only 2.6%.
Although, here and in the sequel, we are not considering the BB as a “long period noise-free” instrument (even if it provides much better displacement traces after integration), the fact that the spectral ordinates of two different instruments are nearly equal up to a certain period T cannot be considered just as a lucky coincidence. It simply means that the long period noise, which is especially apparent in the displacement trace of the SM instrument, affects the response spectral ordinates only for periods larger than T. 

A larger set of data was made available for this purpose by the Mexican National Seismological Survey (www.ssn.unam.mx), operated by the Institute of Geophysics of the National Autonomous University of Mexico (UNAM). These data were co-recorded at the same sites by a triaxial STS-2 seismometer and by a triaxial accelerometer FBA-23.
A summary of the Mexican records is listed in Table 1, together with the 5% damped arithmetic average spectral displacement between 7 and 11 s (SD7-11), calculated from the BB record. Both the BB and SM records were corrected with the pre-event BC procedure. 

Figures 2 and 3 compare the velocity and displacement time histories, and the 5% damped elastic displacement response spectra as well, of two representative pairs of SM and BB records. The example of Figure 2 is among the best ones in terms of accuracy of the SM displacement trace: indeed the influence of the baseline drift on the displacement spectrum occurs only beyond 55 s period, while the small difference of the spectral ordinates at lower periods is probably due to a problem in the instrument calibration, as shown in the inset box in Figure 2, and as also will become apparent in the sequel. On the contrary, the example of Figure 3 is representative of one of the cases for which we could not find a suitable BC procedure for reproducing a realistic displacement time history. In spite of this, the spectral ordinates practically coincide up to 10 s, are in reasonable agreement up to 25 s, and only beyond this period the spectral ordinates from the SM record start to diverge.
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Figure 1 – Velocity and displacement time histories obtained from co-located SM and BB instruments at Morge, during the Sep 8 2005 Pennine Alps earthquake (MW=4.4, de=17 km), and the corresponding 5% damped displacement response spectra. Both SM and BB records have been subject to pre-event BC procedure, applied to acceleration for the SM instrument and to velocity for the BB. Top: EW component; Bottom: NS component.
Table 1. Records from the Mexican National Seismological Survey available for comparison of long period spectral ordinates from co-located broadband and strong motion instruments  (de  is the epicentral distance).

	Earthquake
	Region
	Mw
	Station
	de [km]
	SD7-11 [cm]

	27/04/1995 (06h42)
	Guerrero
	5.2
	PLIG
	231
	0.012

	11/01/1997 (20h28)
	Michoacán
	7.1
	CJIG
	289
	0.346

	11/01/1997 (20h28)
	Michoacán
	7.1
	ZIIG
	143
	1.352

	30/09/1999 (16h31)
	Oaxaca
	7.4
	CAIG
	365
	0.967

	30/09/1999 (16h31)
	Oaxaca
	7.4
	PLIG
	364
	2.513

	08/11/2002 (23h20)
	Oaxaca
	5.2
	PNIG
	16
	0.270

	22/01/2003 (02h06)
	Near Coast of Jalisco
	7.5
	MAIG
	548
	1.794

	22/01/2003 (02h06)
	Near Coast of Jalisco
	7.5
	TPIG
	710
	1.921
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Figure 2 – Comparison of velocity and displacement time histories (left) and 5% damped displacement response spectra (right) obtained at Pinotepa, Mexico, during the Oaxaca earthquake of Nov 8, 2002 (MW5.2, de=16 km), by the strong motion (SM) accelerogram and by the broadband (BB) velocity meter. Both records have been baseline corrected with the pre-event BC procedure, the SM on the acceleration and the BB on the velocity. The slight discrepancy between the two traces is due to minor variations of the calibration parameters of the instruments, not related to long period noise, as discussed further on in the text. Note that the baseline drift affects only the spectral ordinates exceeding around 55 s.
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Figure 3 – Same as Figure 2, but for the Zihuatanejo record of the Jan 11, 1997 Michoacán earthquake (MW7.1, de=143 km). Note that the SM record was disturbed by a complicated baseline drift, so that it was not possible to find a suitable BC procedure to obtain a realistic displacement trace. Neverthless, the effect on the displacement spectral ordinates is minor up to T=10 s, while it shows itself only after around 25 s.
This is further confirmed by the comparison in Figure 4 of the response of the T=10 s, 5% damped, 1 DOF oscillator subjected to the SM and BB Zihuatanejo ground motion depicted in Figure 3. Although the SM displacement trace shown in Figure 3 is affected by a dramatic parabolic trend, the oscillator response is very close to that calculated from the BB record, the slight shift in time scale being only due to graphical reasons.

We face now the question of whether, and in which period range, the correction of records at long periods may alter the spectral displacement. Although the database introduced is limited, it may provide a first but representative check in this respect. In addition to the pre-event BC procedure, we have also applied to the records 4th order acausal filters, with cut-off frequency fc = 0.05 and fc = 0.1 Hz, respectively, to reduce the influence of the filter cut-off on the usable range of strong motion records [13].
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Figure 4. Comparison of the T=10 s, 5% damped, response of the 1 degree-of-freedom oscillator subject to the NS component of the BB and SM accelerograms of the Zihuatanejo record of Figure 3. The time scale of the two plots has been slightly shifted to better highlight differences between the time series.
We have first processed each SM record by the pre-event BC and by the 4th order high-pass filters, then calculated the geometric average of the spectral displacement ordinates of the horizontal components, and computed the ratio with respect to the corresponding average BB unfiltered spectral ordinates. The results are shown in Figure 5.
All curves from the Mexican data show at short periods a nearly constant value slightly smaller than one, apparent also from the Fourier spectral ratios, which is due to minor variations of the calibration parameters of the instruments (see also the small inset in Figure 2), not related to long period noise [14]. Aside from this problem, both pre-event BC records and those filtered with Tc = 20 s show a nearly flat spectral ratio, demonstrating a negligible influence of the long period noise on the spectral ordinates. The spectral ratios for the 10 s filtered records tend to decay on average after 6-7 s, apart from three cases (PNIG 021108, PLIG 950427 and Pennine Alps), all of them from small magnitude earthquakes probably because, due to the limited long period components, the filtering effect is smaller. Similar results were also found for the vertical components, not shown here for brevity.
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Figure 5. Spectral ratios of the Mexican SM horizontal components (geometric average) of records in Table 1, and of the Pennine Alps record, Italy, processed according to (i) pre-event BC procedure (solid thick line); (ii) acausal 4th order Butterworth high-pass filter with cut-off at Tc = 20 s (solid thin line); (iii) acausal 4th order Butterworth with Tc = 10 s high-pass filter (dashed line). Spectral values are divided by the corresponding average spectral displacement calculated from the BB baseline corrected records. The bottom right plot shows the average of the Mexican spectral ratios. 
A meaningful comparison of displacement response spectra obtained by different correction procedures including pre-event BC and high-pass filters with different cut-off frequencies, is shown in Figure 6 for station CJIG (second record in Table 1). In spite of the displacement trace of the pre-event BC record being affected by a completely unrealistic drift (Figure 6a), there is an impressive agreement of the response spectral ordinates of the BB and SM records up to about 20 s, and a reasonable agreement up to 30-40 s (Figure 6c). It is also clear that high-pass filtering the record with Tc = 10 s would have led to a significant loss of information at long periods, in spite of the more “appealing” look of the displacement trace, while selection of Tc = 20 s would have preserved spectral ordinates up to about 10-12 s. 
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Figure 6. a) Displacement time series for the NS component of record CJIG of the Guerrero Network (see Table 1), obtained by (1) SM record corrected by pre-event BC, (2) SM record high-pass filtered Tc = 10 s, (3) SM record high-pass filtered Tc = 20 s, (4) BB record corrected by pre-event BC. b) As for a), but comparing the BB record with the SM record high-pass filtered with Tc = 40 s. c) 5% damped displacement response spectra of the previous records.
Furthermore, when looking at the SM record high-pass filtered with Tc = 40 s (Figure 6b), the very long period pulse in the BB displacement trace is also apparent in the SM trace, showing that it is not an artifact due to long period noise.
A SIMPLIFIED CRITERION TO ASSESS THE EFFECT OF LONG PERIOD NOISE ON SPECTRAL DISPLACEMENTS 
The results shown in the previous section provide a convincing indication of the limited effect of unphysical drifts in the velocity and/or displacement traces on the response spectral displacements at long periods. However, the small number of co-located pairs of SM and BB records makes it hard to derive more general and practical indications on the reliability of long period spectral ordinates from digital records. This problem becomes critical when handling worldwide databases, to be used e.g. to derive attenuation relationships at long periods, with records from many regions and provided by different types of digital instruments.

We have therefore extended this study to account for the effect of long period disturbances on the spectral displacements of synthetic accelerograms. In this way, we were able to discriminate between the target “correct” spectrum, and the spectrum affected by long period drift. A procedure based on the following steps was devised:
a) generate a synthetic accelerogram for prescribed magnitude, epicentral distance and site condition, according to the method of Sabetta and Pugliese [15];

b) add to the previous accelerogram a tri-linear drift function, defined by three parameters, A, t1 and t2, the meaning of which is illustrated in Figure 7; 

c) calculate the 5% damped displacement response spectra of the accelerograms obtained from a) and b) and the corresponding response spectral ratio;
d) calculate the average ε7-11 of the previous response spectral ratio between 7 and 11 s: the ideal case of no effect on the spectral displacements should give ε7-11 = 1.

The previous procedure is repeated 50 times for each accelerogram, by randomly generating from a uniform distribution the parameters A, t1 and t2, within the ranges 0 < A/Amax < 1·10-2 and t5 % < t1 < t2 < t95 % , where t5 % is the instant of time corresponding to 0.05·Imax, where Imax is the Arias intensity of the accelerogram, and similarly for t95 %. The maximum value of A/Amax was empirically selected to encompass a range of values of the noise index Iv, introduced in the sequel, up to about 2, containing most of the observed values of Iv on real records (as shown later on, in Figure 10).
We have generated 15 synthetic accelerograms for each magnitude ranging from 5.0 to 7.25, sampled every 0.25 magnitude units, with epicentral distance and site conditions generated randomly, but distance restricted within 150 km. Therefore, for each magnitude, a total of 15·50 = 750 “noisy” accelerograms were generated, by adding the random function in Figure 7 to each of them.

Figure 7. Tri-linear drift function, defined by randomly generated parameters A, t1 and t2, selected to add artificial noise to a synthetic accelerogram.

As a simple quantitative measure of the noise associated to each accelerogram, the amplitude A of the tri-linear drift would seem to be the most natural selection. However, since it is difficult to estimate very small values of A in real accelerograms, the following quantitative measure calculated on the velocity trace seemed preferable (see Figure 8):
a) calculate the duration of the accelerogram D = t95 % - t5 %;
b) integrate the accelerogram to obtain velocity;
c) calculate an average “drifted” velocity vd in the time range between t95 % and t95 %+D (Figure 8);

d) calculate the noise associated to the accelerogram as Iv = vd/vmax, where vmax is the peak velocity of the undisturbed synthetic accelerogram.
Note that the previous noise index Iv can easily be calculated not only on the synthetic “contaminated” accelerograms, but on real accelerograms as well, as it will be shown later. 
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Figure 8. Illustration of the procedure used to calculate the noise index Iv on the velocity trace. In this case Iv = 0.10.
The average response spectral ratio ε7-11 was thus calculated for each synthetic “noisy” accelerogram. Figure 9 shows the frequency of occurrences of records with 0.85 < ε7-11 < 1.15, as a function of the noise index Iv and magnitude. Considering for example point A in Figure 9, it means that the condition 0.85 < ε7-11 < 1.15 is satisfied by 83% of records with Iv  < 0.4 and M = 6.5. Note that, independently of magnitude, practically all data with Iv  < 0.1 satisfy the condition on ε7-11 , while, as expected, for increasing values of the noise index, the larger the magnitude the smaller the effect of noise on the long period spectral ordinates, because of the improved signal/noise ratio at long periods. 
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Figure 9. Curves denoting, as a function of magnitude, the frequency of records satisfying the condition 0.85 < ε7-11 < 1.15, when the noise index is < Iv. 
APPLICATION TO A WORLDWIDE DIGITAL STRONG MOTION RECORDS DATABASE
The number of digital earthquake strong motion records is quickly increasing, especially as a result of worldwide efforts to make these data freely available in databases accessible in the Internet. With the objective of calibrating new attenuation relationships of spectral ordinates up to at least 10 s to produce long period hazard maps of Italy [16], a new, worldwide database was assembled consisting only of digitally recorded accelerograms of shallow crustal earthquakes, carefully selected as regards ground type at the accelerograph station, and fullest possible coverage in the required magnitude and focal distance ranges (5.0 ( MW ( 7.2; R ( 150km). By far the largest contributing source to the dataset was the Japanese K-Net strong motion network (www.k-net.bosai.go.jp), while the rest of the data are from California, Europe, Iran, and Turkey. Other data from Japan are those of the 1995 Hyogo-ken Nanbu earthquake [17], and 10 records at rock sites from the Kik-Net network database (www.kik.bosai.go.jp). The source of Iran data was the Iran Strong Motion Network, ISMN (www.bhrc.ac.ir/Bhrc/d-stgrmo/D-StGrMo.htm); for California earthquakes we mainly used data available from the US National Strong-Motion Project, NSMP (nsmp.wr.usgs.gov/data.html) and, for the 1999 Hector Mine event, digital data from the Engineering Strong Motion Data Center, CISN  (www.quake.ca.gov/cisn-edc) and from the Southern California Seismic Network, SCSN (www.scsn.org). Concerning Europe and Turkey, most data come from the strong motion data archive ESMD [18]. A few (about 10) Italian records were provided by Italy’s Department of Civil Defence (Seismic Survey Office). The resulting dataset consists of about 1300 3-component records, of which 83% from the K-Net network, 6% from ISMN, 5% from the United States, 5% from Europe and Turkey, the remaining amount being composed of Kik-Net and Kobe ESG98 records. The dataset is documented in ref. [19].
Criteria for selection of records as a function of magnitude, distance and site conditions, as well as preliminary results in terms of ground motion prediction equations, are reported in [16], with slight differences concerning the number of data. We limit ourselves here to look at the dataset in terms of the minimization of the long period disturbances. Owing to the large dimensions of the dataset, it would not be practical to carefully analyze each single record, so that the results and simplified criteria discussed in the previous sections may be applied for this purpose.
In Figure 10 we plot the noise index Iv, averaged over the horizontal components of each record, for the pre-event BC processed records of the database. The continuous lines in Figure 10, with equation 
log10Iv = α·Mw + β









(1) 

roughly delimit, based on the results shown in Figure 9, the Iv values below which the record has 90% (α = 0.25, β = – 2.16), 80% (α = 0.37, β = – 2.69) or 70% (α = 0.42, β = – 2.82) probability of having an error index 0.85<ε7-11<1.15. To obtain eq. (1) and the related parameters, the Iv values corresponding to the intercept of the curves in Figure 9 with the 90%, 80% or 70% frequency were taken, and then interpolated by a least-squares best-fit line.
It turns out that 54% of the whole set of records have at least 90% probability of not exceeding the selected error index, 63% have at least 80% probability, and 69% have at least 70% probability. As a reference, the Mw-Iv pairs corresponding to the co-located SM records of Table 1, corrected only with pre-event BC, have been also plotted in Figure 10. Their position in the previous plot, with probability always larger than about 80% of having an acceptable error index at 7-11 s, confirms the observed agreement between the response spectral ordinates computed from the SM and from the BB co-located records.
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Figure 10. Distribution of the noise index Iv for the records of the digital database, corrected with pre-event BC procedure, as a function of moment magnitude Mw. The large dots correspond to the co-located records of Table 1. To simplify the figure, the plotted values (with the exception of the co-located records) are the geometric average of the Iv calculated on the two horizontal components of each record. The three continuous lines correspond to 90%, 80% and 70% probability of a given record not to exceed the error index range 0.85<ε7-11<1.15.
As a further important check, we have calculated the noise ratio Iv for all records of the database high-pass filtered with Tc = 20 s. As shown in Figure 11, all records have now a noise index smaller than the 90% curve. Considering that, as shown in the previous section, a filter corner period of 20 s preserves the response spectral content of the signal at least up to 10 s, this can be judged as an optimal choice for earthquakes with magnitude smaller than about 6.7 - 7 (that is the magnitude range corresponding to the Brune’s model corner frequency of 0.1 Hz, with stress drop (σ in the range 3 - 10 MPa). For larger magnitudes, Figure 10 shows that the vast majority of the unfiltered records in our database have an Iv value smaller than the 90% curve, so that the simple pre-event BC correction (without filtering) seems to be sufficient to preserve the physical content of these records up to 10 s. 
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Figure 11. Same as Figure 10, but with records high-pass filtered with Tc = 20 s.

CONCLUSIONS

Several recent studies already indicated that long period response spectral ordinates from digital accelerograms are more reliable than usually thought, even if obtained with very simple baseline correction procedures. In this paper, we have pursued these ideas in the framework of an Italian project for seismic hazard assessment at long periods, where we had to select a digital strong motion database suitable to calibrate attenuation relationships up to periods of at least 10 s, that is significantly larger than usually considered for this objective.
Using a set of co-located broad-band and digital strong motion instruments, we have firstly shown that the displacement traces obtained by double integration of the accelerogram need not be free of unrealistic baseline drift to obtain reliable spectral ordinates up to at least 10 s. Therefore, the common technique of high-pass filtering the digital acceleration record from a cut-off period selected to avoid baseline drifts on the displacement traces appears to be in most cases too conservative and unduly depletes reliable information on long period spectral ordinates. 
Secondly, to provide an objective and simple criterion for selecting reliable digital strong motion records for ground motion predictions at long periods, we have used synthetic accelerograms contaminated by random long period noise and we have quantified the difference between the original accelerograms and the spurious ones in terms of response spectra. A noise index Iv has been introduced that can be easily calculated based on the velocity trace of the record and it has been correlated with the probability of exceedance of a given level of an index error ε7-11, defined in terms of response spectral ordinates at long periods. 
Considering a wide digital strong motion database, consisting of about 1300 3-component records, it has been found, based on the proposed noise model, that most records provide reliable long period response spectral ordinates, if corrected with a simple removal of the acceleration offset calculated on the pre-event. Furthermore, it is sufficient to high-pass filter the signals with Tc = 20 s, for all records to have a noise index as small as to provide a probability larger than 90% for the effect of long period noise on the response spectral ordinates to be within a level of about 15%.
We believe that the findings of this study justify the extension, at least up to 10 s, of the reliable period range for ground motion prediction equations (calibrated on digital SM data), that in our opinion is presently too restricted with respect to the quality and quantity of digital strong motion data now available. 
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