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SATELLITE ORBIT STATUS 
Currently, the BeppoSAX satellite completes a revolution around the earth every 91.0 minutes at an altitude in between 317.2 km (perigee) and 320.5 km (apogee). The orbit is inclined by 3.95 degrees with respect to the equator, which means the satellite may fly over any location included in the latitude band between 3.97 degrees North and South. However, the motion is significantly perturbed by the residual atmosphere present at that altitude. The main effect of the resulting drag force is a progressively increasing altitude loss, which will culminate in the satellite reentry on the earth. 
BALLISTIC PARAMETER ESTIMATION
The nominal ballistic parameter BN, defined according to the relationship BN ( CDA/m, where CD, m and A are, respectively, the satellite drag coefficient, mass and average cross-sectional area, was estimated by fitting, in a least squares sense, the satellite semi-major axis decay observed during the last month. All the relevant orbit perturbations were included and the Jacchia-Roberts 1971 model was adopted to describe the varying atmospheric density. The orbital data were provided by the NASA/GSFC Orbital Information Group and by Nicholas L. Johnson of NASA/JSC. The value obtained was BN ( 0.02329 m2/kg.
BEPPOSAX REENTRY WINDOW

The expected residual lifetime of the satellite was computed by propagating its last available state vector (epoch: 2 April 2003, 01:13 UTC)  with a numerical trajectory predictor including the geopotential harmonics up to the 16th order and degree, the luni-solar attraction, the solar radiation pressure with eclipses and the aerodynamic drag. The air density was computed with the Jacchia-Roberts 1971 model.

Concerning the predicted solar flux at 10.7 cm (used by the atmospheric model as a proxy of the solar irradiance at extreme ultraviolet frequencies) and the geomagnetic planetary index Ap, the last 27-day forecast (corresponding to one solar rotation), issued by the NOAA Space Environment Center, was adopted. For the subsequent months, such solar flux predictions were reiterated, applying an average reduction of about five standard units per month, while a constant average value (Ap ( 12) was used for the geomagnetic planetary index.
Using for BeppoSAX the ballistic parameter estimated by fitting the orbital decay observed during the last month, the nominal reentry date of 29 April 2003 was obtained. In order to take into account the intrinsic uncertainties of this kind of predictions, a reentry window with an assumed confidence level of approximately 90% was computed by varying the nominal ballistic parameter BN of ( 25%, as shown in Table 1.
Table 1
BeppoSAX Reentry Window 
	Reentry Window
	Criteria
	B (m2/kg)
	Reentry Date

	Opening
	BN + 25%
	0.02911
	24 April 2003

	Nominal Reentry
	BN
	0.02329
	29 April 2003

	Closure
	BN ( 25%
	0.01746
	8 May 2003


At present, the solar flux predictions are still the leading source of uncertainty. On the other hand, the ballistic parameter was relatively stable during the last two months. Geomagnetic storms might have a significant impact on the reentry date during the last ten days of satellite lifetime. 
A PRIORI RISK ON THE GROUND
If the BeppoSAX fragments impact in an area of constant population density, the expected average number of casualties Ec can be calculated with the following equation:

Ec ( PI N (Ac/AR),                                                 (1)

where PI is the probability of impact in the region, N is the total population in the region, Ac is the total effective casualty area for the impacting fragments, and AR is the total area of the region. It should be emphasized that Ec is not the probability of a casualty: in theory the casualty expectancy may be greater than one, while the probability of casualty can never be.

The formula adopted in the NASA Safety Standard to compute the effective casualty area due to a satellite reentry is:
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where Ah ( 0.36 m2 is the projected human cross-section and Ai is the cross-section of each individual fragment reaching the ground. However, for people in the open, the effective casualty area of impacting inert debris is generally larger, due to winds, trajectory path angle, sliding, skidding or bouncing at ground impact, and splattering or cratering. Moreover, explosive debris can significantly increase the casualty area. 

In the case of a reentering satellite like BeppoSAX, the fragments will rain down vertically, with respect to the local horizon, with only a minor horizontal velocity component due to local winds, with negligible consequences. Moreover, any material able to explode or burn should ignite at high altitude, during the breakup phase.  Regarding sliding, bouncing or splattering at ground impact, the three effects are generally exclusive and because soft soil tends to be more common than hard surfaces (this is particularly true in the latitude belt potentially interested by the BeppoSAX reentry), the effective casualty area computed using Eq. (2) might be, at most, enhanced by a factor two.                                                  

Due to the orbital inclination with respect to the earth equator (( 4 degrees), the a priori reentry probability varies as a function of latitude, but for each parallel is independent on the longitude. Of course, the BeppoSAX reentry in the atmosphere cannot occur outside the ( 4 degrees latitude belt, even though the surviving fragments of the satellite might reach any location in between 4.356 degrees N or S. Table 2 summarizes the reentry probability as a function of latitude in the area of the planet potentially affected by the debris fall.

Table 2
BeppoSAX Reentry Probability and Average Casualty Expectancy 

as a Function of Latitude 

	Latitude Belt
	Reentry Probability
	Casualty Expectancy

	3° – 4° S
	0.230
	1.14 × 10-4

	2° – 3° S
	0.103
	4.95 × 10-5

	1° – 2° S
	0.086
	3.96 × 10-5

	0° – 1° S
	0.081
	3.79 × 10-5

	0° – 1° N
	0.081
	4.09 × 10-5

	1° – 2° N
	0.086
	3.01 × 10-5

	2° – 3° N
	0.103
	3.06 × 10-5

	3° – 4° N
	0.230
	9.51 × 10-5

	4° S – 4° N
	1.000
	4.34 × 10-4

	4.356° S – 4.356° N
	1.000
	4.51 × 10-4


Following Eqs. (1) and (2), and assuming a casualty area enhanced by a factor two, to take into account debris sliding, bouncing or splattering after the ground impact on a typically soft soil, the expected average number of casualties in the latitude belt at risk (( 4.356 degrees) is about 4.51 × 10-4 (Table 2). This, of course, is a measure of a collective risk. The individual risk associated with the BeppoSAX reentry is measured by Ec/N ( 10-12. To put such extremely low individual risk in perspective, the annual individual fatality rate due to a non-occupational accident in a developed country is of the order of 10-4. 
Due to the small value of the expected average number of casualties, the probability to have one victim in the open is numerically the same, i.e. 4.51 × 10-4. However, it must be emphasized that about 150-200 tons of orbital objects, mostly concentrated in payloads (satellites), platforms and rocket bodies, reenter the earth atmosphere every year without control. This implies at least 2 or 3 reentry events per month comparable or larger than BeppoSAX, in terms of the expected average number of casualties. 
Moreover, an average of 3 meteoroids with diameters in between 1 and 10 meters, corresponding to masses in between 1 and 1000 metric tons, hit the earth every month. One week ago, for instance, a large stony meteorite, with a diameter of 1-2 meters and a mass of about 10 metric tons, exploded over the United States. Seen by people from Wisconsin to Ohio, it disseminated more than 500 fragments on a 130 km long and 30 km wide area of Illinois. In Park Forest, about 50 km south of downtown Chicago, several rocky chunks – some as large as 40 cm and weighing about 4 kg – hit houses, streets and the countryside at 200 km/h. 
NEXT UPDATE
The next reentry prediction will be issued no later than 10 April 2003.
( Prepared by Luciano Anselmo and Carmen Pardini (
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