Trimestrial Astroclimatological Rep.96/M. Sarazin/VLT.TRE.ESO.17400/15.3.1996/

Environmental conditions on ESO Observatories^1

Cerro La Silla 2400m 70^o42^0 W 29^o16^0 S Distance from coast: 40km

Cerro Paranal: 2636 m 70^o24^0 W 24^o37^0 S Distance from coast: 12km

for the months of October, November, December 1995

Automatic meteorological stations, microthermal sensors, and Differential Image Motion Monitors (DIMM) are being used to monitor environmental conditions at La Silla and in the area of the VLT observatory.

The Vaisala meteorological station at the

La Silla Observatory was installed

in February 1985 on a 30 m high mast. The seeing monitor (DIMM2) was installed in March 1991, close to the Schmidt telescope as part of the permanent Astronomical Weather Station (AWS). Connected to the ESO computer network and protected by a retractable enclosure, DIMM2 operates in fully automated mode since Dec. 93. 30 m level: Wind dir, vel (D3, S3), temp (T3) 20 m level: Wind dir, vel (D2, S2) 10 m level: Wind dir, vel (D1, S1) 5 m level: Seeing (DIMM) 2 m level: Temp., Humid., pres. (T1, RH, P) -0.1 m level: Ground temperature (T2)

The Vaisala meteorological station was installed at Cerro Paranal in October 1984 on a 10 m high mast. Seeing measurements started at Paranal summit in April 1987 (DIMM1). All mesurements were disrupted in July 1991 when levelling work started on the VLT site and moved to the nearbye summit Cerro NTT. They were restarted in December 1992 on Paranal, with the seeing monitor (DIMM3) tentatively on a 1 m high platform. A 5 m high dismountable tower was completed in April 1994. 10 m level: Wind dir, vel (D1, S1) 5 m level: Seeing (DIMM) 2.5 m level: Wind dir, vel (D2, S2) 2 m level: Temp., Humid., pres. (T1, RH, P) -0.1 m level: Ground temperature (T2)

The meteorological data are stored as average, root mean square and extrema of each parameter during a preset averaging period (20 mn). Wind direction and speed are digital measurements (Fig. 1 to 5) sampled every 2 seconds. Relative humidity (Fig. 6), ground and air temperature (Fig. 7 to 8), and pressure (Fig. 9) statistics are computed out of digitally converted analog levels sampled every minute.

The seeing is measured at 5 m above ground (1 m at Paranal from Dec. 92 to Apr. 94) and definedas the Full Width Half Maximum of a stellar image observed with a perfect large telescope, at 0.5μm wavelength and at zenith. It is measured over periods of a few minutes all night long. Maximum wind speed for operation is about 15 m/s (18 m/s for the La Silla automated version) and sky must be clear in the zenith area. Seeing averages every 20 mn are plotted on Fig. 10.

The resolution of the various sensors is the following: -Wind direction: 5.63^o (threshold: 0.3m/s) -Wind speed: accuracy �2% over 10m/s (threshold: 0.4m/s) -Temperature: accuracy �0.1^o -Humidity: linearity about 1% -Seeing: better than 10% above 0.25 arcsec

1This document is available on the ESO Web (http://http.hq.eso.org/eso-homepage.html) under the topic: ESO Publications.

Figure 1: Windrose La Silla: the extremity of the average wind vector is plotted for each calculation interval of the period considered, with a geographic orientation.

Figure 2: Night Windrose La Silla: same as Fig. 1, but for samples taken between 0h and 10h, universal time.

Figure 1: Windrose Paranal: the extremity of the average wind vector is plotted for each calculation interval of the period considered, with a geographic orientation.

Figure 2: Night Windrose Paranal: same as Fig. 1, but for samples taken between 0h and 10h, universal time.

Figure 3: Night (0-10h, U.T.) wind direction La Silla: 2-D histogram with a geographic orientation, as a function of wind velocity. Unit is % of nightime per sector of 22:5^o.

Figure 4: Night (0-10h, U.T.) wind speed La Silla: histogram and cumulative probability of average wind velocity distribution, in m/s, at 10m height (full line). The distribution of the past 12 months is given for reference (dotted line).

Figure 3: Night (0-10h, U.T.) wind direction Paranal: 2-D histogram with a geographic orientation, as a function of wind velocity. Unit is % of nightime per sector of 22:5^o.

Figure 4: Night (0-10h, U.T.) wind speed Paranal: histogram and cumulative probability of average wind velocity distribution, in m/s, at 10m height (full line). The distribution of the past 12 months is given for reference (dotted line).

Figure 5: Maximum wind speed La Silla: in m/s, at 10m height, in a chronological order (day of the year).

Figure 6: Average relative humidity La Silla: in % at 2.5m height, in a chronological order (day of the year).

Figure 5: Maximum wind speed Paranal: in m/s, at 10m height, in a chronological order (day of the year).

Figure 6: Average relative humidity Paranal: in % at 2.5m height, in a chronological order (day of the year).

Figure 7: Average air temperature La Silla: in degrees Celsius, at 2.5m height, in a chronological order (day of the year).

Figure 8: Diurnal air temperature variation La Silla: cumulative plots of average air temperature for the whole period on a 24 hours basis.

Figure 7: Average air temperature Paranal: in degrees Celsius, at 2.5m height, in a chronological order (day of the year).

Figure 8: Diurnal air temperature variation Paranal: cumulative plots of average air temperature for the whole period on a 24 hours basis.

Figure 9: Average atmospheric pressure La Silla: in mB, at 1 m height, in a chronological order (day of the year).

Figure 10: Average seeing La Silla: in arcsec, at 5 m height, at zenith and at λ = 0.5μm, in a chronological order (day of the year).

Figure 9: Average atmospheric pressure Paranal: in mB, at 1 m height, in a chronological order (day of the year).

Figure 10: Average seeing Paranal: in arcsec, at 5 m height, at zenith and at λ = 0.5μm.

12 La Silla Astroclimat Rep.96/M. Sarazin/VLT.TRE.ESO.17400/15.3.1996/

Parameter min 5% Median Average 95% Max nr. samples Seeing (arcsec) 0.32 0.51 0.80 0.87 1.41 2.83 1872 (20mn) Wind (m/s at 10m) 0 1.0 3.8 4.3 9.5 19.6 6364 (20mn) Wind night only (m/s) 0 0.7 3.5 4.2 9.3 18.7 2692 (20mn) Rel. Humidity (night, %) 12 19 35 38 66 99 2618 (20mn)

Table 1: Statistical characteristics of key parameters at La Silla.

Parameter min 5% Median Average 95% Max nr. samples Seeing (arcsec) 0.27 0.44 0.67 0.71 1.10 1.79 870 (20mn) Wind (m/s at 10m) 0 1.5 5.9 6.3 12.4 22.9 5528 (20mn) Wind night only (m/s) 0 1.1 5.2 5.8 12.3 20.4 2418(20mn) Rel. Humidity (night, %) 1 2 7 9 21 60 2384 (20mn)

Table 2: Statistical characteristics of key parameters at Paranal

Parameter % of observed nightime bins La Silla % of observed nightime bins Paranal Seeing ¡ 0:5 arcsec 4 15 Wind ¡ 20 m/s 100 99 Wind ¡ 10 m/s 96 88 Humidity ¡ 90 % 99 100 Photometric nights 74 81

Table 3: Summary of limit conditions at ESO sites