1. Introduction

This work shows a cross-correlation anal ysis between the NCEP/NCAR Reanal ysis data and the Paranal ground station observations of surface temperature and pressure for the period from 1985 to 1999.

The data obtained from the NCEP/NCAR Reanal ysis is explained in a previous work of

Bustos, R. [1]. The NCEP/NCAR Reanal ysis project uses a state-of-the-art anal ysis/forecast system to perform data assimilation using all data available from 1948 to the present. The output archives contain basic upper-ai r parameters on standard pressure levels. Data fields are saved on a 2.5º lat x 2.5º long grid (144 x 73) in multiple vertical levels. It contains four times per da yat

00, 06, 12, and 18 UTC, dail yand monthl yaverages, and long-term mean data. The reanal ysis gridded fields are classified into four classes. An A-cl ass indicates that the anal ysis variable is strongl yinfluenced b yobservational data, and hence it is the most reliable class (temperature, wind). B-class indicates that, although there are observational data that directl yaffect the value of the variable, the model also has a ver ystrong influence on the anal ysis value (relative humidit y, surface temperature, surface pressure, precipitable water vapour). C and D class do not depend on observational data (clouds, precipitation, plant resistance, al bedo, geopot ential height ).

The NCEP/NCAR reanalysis data used for this studyis surface temperature (B-class) and surface pressure (B-class), both obtained ever y6-hours (00, 06, 12, and 18 UTC) during the period 1985 to November 2000. This data is referred to a grid point located at 25.0º S, 70.0º W, and 1,843 m.a.s.l, 60 [Km] southeast of Paranal.

The Paranal ground stations data used for this studyare surface temperature and pressure obtained from a ground m eteorological station ever y20 minutes approximatel y, from 1985 to

December 1999. Paranal is located at 24.62º S, 70.40º W, and 2,635 m.a.s.l.

The purpose of this stud yis to estimate the data reliabilit yof the NCEP/NCAR Reanal ysis data, comparing it with actual Paranal ground station data.

2. Surface temperature analy sis

2.1 NCEP/NCAR data

NCEP/NCAR surface temperature data gives values at a site located 25.0º S and 70.0º W, at 1,843 m.a.s.l. It is considered as a B-class variable, partiall ydefined b yobservations but strongl yinfluenced b ythe model characteristics.

The temperature of a dr yai r parcel decreases with its altitude at the dry adiabatic lapse rate

d

= 9.8 [ ºC/Km]. Under saturated conditions, the saturated parcel´s temperature decreases

with altitude at the saturated adiabatic lapse rate

s

@ 6.5 [ ºC/Km] [2]. Different mixing ratio due

to dynamical processes such as solar radiation and wind can produce different lapse rate near the

surface and the time of the da yand year [3]. If we consider an average lapse rate for Paranal of 8

[ ºC/Km], the average temperature difference between the grid point and Paranal should be of 6.3

[ ºC].

Computing the NCEP/NCAR and the Paranal ground station average temperatures for the

complete period , a 0.7 [ ºC] difference is obtained. The 5.6 [ ºC] difference is probablydue to an

underestimated NCEP/NCAR surface temperature rather than the 8 [ ºC/Km] lapse rate

estimation. NCEP/NCAR surface data differences have been previouslyfound in a Visviri

comparison work of Aceituno and Montecinos [4] and also in Bustos et al [3]. In order to

compare both datasets, a 0.7 [ ºC] has been subtracted from the NCEP/NCAR temperature data.

2.2 Ground station data

The ground meteorological station at Paranal is located 24.62º S, 70.40º W at 2,635

m.a.s.l. The data shows some relativel ylong periods with no data when instruments were

malfunctioning and in 1992, when works were performed at the top of the hill.

For the ground station data at Paranal, a one-hour average value for 00, 06, 12, and 18

UTC has been considered (30 minutes before and after). From 1985 to 1999, 32.4% of the data

has not averaged due to errors or nonexistent data at those hours.

2.3 Cross-correlation analysis

The Paranal ground station temperature data are cross-compared with the NCEP/NCAR

temperature data. The datasets anal yz ed are:

1. NCEP/NCAR Reanalysis temperature data. (Temp. 1)

2. Paranal ground station temperature data. (Temp. 2)

Four times per da ydata cross-correlation:

Temp. 2

Temp. 1 0.7321

Dailyaverages cross-correlation:

Temp. 2

Temp. 1 0.7300

Monthlyaverages cross-correlation:

Temp. 2

Temp. 1 0.7875

Figure 1: Scatter diagramfor the Paranal and NCEP/NCAR Reanalysis temperature data. The four

times per day data is depicted for the complete period 1985-1999.

Figure 2: NCEP/NCAR temperature data are in blue and Paranal ground-based temperature data in red.

0.7ºC has been subtracted fromthe NCEP/NCAR temperature data in all graphs. The upper graph is four times per day (00, 06, 12, and 18 UTC), the middle graph shows daily averages, and the lower graph shows monthly averages.

On figure 1, the scatter diagram is shown for the four times per da ydata for the complete period (1985-1999) for both datasets.

On figure 2, the lower graph shows monthlyaverages from 1985 to the present. It can be seen that NCEP/NCAR Reanal ysis data has ver ysimilar tendencies with the observed at Paranal.

In fact, a cross-correlation value of 0.7875 indicates a good reliabilityof the reanal ysis data.

Descending tendencies of average temperatures during summer of 1999 and 2000 are captured in both cases. For the complete year 2000, it would be interesting to compare the cold temperature tendenc yseen in Reanal ysis with the Paranal observations.

3. Surface pressure analysis

3.1 NCEP/NCAR data

NCEP/NCAR pressure at the surface data is a B-class variable, partiall ydefined b y observations but strongl yinfluenced b ythe model characteristics.

For the case of pressure, an exponential deca ywith a scale factor H [2] is assumed:

ò

=

-

h

0

dh

) h ( H

1

0

e P ) h ( p Eq. 1 g M

) h ( RT

) h ( H d

= Eq. 2

Where P

0

is the pressure at the ground level [ mb], R is the molar gas constant, M d

is the molecular weight of ^dr y~ air, and g the gravitational constant. Using an H

0

value near the surface for H(h) of 8 km [2], the correction factor obtained using an altitude difference of 792 m is 0.9057.

1843

2635

p 9057 . 0 p × = Eq. 3

Computing the NCEP/NCAR an d the Paranal ground station average pressures for the complete period , a 0.9105 factor is obtained. The difference with the previous altitude correction factor is onl y0.53 %, probabl ydue to the use of an estimated scale factor H of 8 [km]. In order to compare the datasets, a 0.9105 factor has been multiplied from the NCEP/NCAR pressure data.

3.2 Ground station data

The ground meteorological station at Paranal is located 24.62º S, 70.40º W at 2,635 m.a.s.l. The data shows some relativel ylong periods with no data, especiallybefore 1992, when instruments were malfunctioning or not working. From 1985 to 1999, 43.7% of the averaged data is not available.

3.3 Cross-correlation analysis

The Paranal ground station temperature data are cross-compared with the NCEP/NCAR temperature data. The datasets anal yz ed are:

1. NCEP/NCAR Reanalysis pressure data. (Press. 1)

2. Paranal ground station pressure data. (Press. 2)

Four times per da ydata cross-correlation:

Press. 2

Press. 1 0.3745

Dailyaverages cross-correlation:

Press. 2

Press. 1 0.3996

Monthlyaverages cross-correlation:

Press. 2

Press. 1 -0.0345

On figure 1, the scatter diagram is shown for the four times per da ydata for the complete period (1985-1999) for both datasets.

Figure 3: Scatter diagramfor the Paranal and NCEP/NCAR Reanalysis pressure data. The four times per day data is depicted for the complete period 1985-1999.

On figure 4, the lower graph shows monthlyaverages from 1985 to the present. It can be seen that NCEP/NCAR Reanal ysis data does not have similar tendencies with the observed at

Paranal. In fact, a cross-correlation value of ˘0.0345 indicates a poor reliabilityof the Reanalysis pressure data even that the four times per da yand dailyaverages show better results. For the last

5 years, it can be seen that anomalies are similar for both monthl yaverages.

If we remove the mean value and the annual c ycle for the last 5 years independentl y, a cross-correlation value of 0.5491 is obtained for the four times per da y datasets and 0.6461 for monthlyaverages as depicted on figure 5. This result has a significant improvement from the previous comparisons.

It can be seen that Reanal ysis does not well follow the annual c ycle on this grid point probablyattributed to local effects of Paranal (top of a mountain) and to the atmospheric tides

(diurnal and semi-diurnal pressure c ycles) that Reanalysis does not consider. In this case, the data averaged at 00, 06, 12, and 18 UTC coincides approximatelywhen the atmospheric tides are zero, but this needs to be calculated for the time of da yand year and the latitude of Paranal [5].

Figure 4: NCEP/NCAR pressure data are in blue and Paranal pressure data in red. The upper graph is four times per day (00, 06, 12, and 18 UTC), the middle graph shows daily averages, and the lower graph shows monthly averages.

Figure 5: Pressure anomalies (the mean value and the annual cycle are removed independently) for Reanalysis (blue) and Paranal (red) data.

4. Conclusions

For a 15 year period between 1985 and 1999, the monthlytendencies observed in the

NCEP/NCAR reanal ysis data for surface temperature presents similar patterns with the ones observed with ground stations at Paranal. For the case of pressure, onlyfor the last 5 ye ars similar anomalies can be seen.

Considering the 792 [m] difference in altitude and the 60 [Km] difference in distance between the two points analyzed, cross-correlation values of 0.7875 for surface temperature gives a good reliabilityof the NCEP/NCAR data. The 5.6 [ ºC] surface temperature difference obtained for the two points is probabl ydue to an underestimation of NCEP/NCAR surface data. Previous works have also noted these differences for NCEP/NCAR surface data [3, 4].

Significant discrepancies are observed between monthlyaverages of Reanalysis and the observed in Paranal. However, if the annual c ycle and the mean value in both datasets for the last

5 years are removed, the reliabilityof the R eanal ysis data improves to a cross-correlation value of

0.6461. The altitude correction factor of 0.9057 obtained for pressure values at 1,843 [m] to compare both datasets is consistent with the NCEP/NCAR data and the observed values.

Considering the site differences and the cross-correlation values obtained for surface temperature for the 15- year period studied here, it is concluded that the NCEP/NCAR data can be used to studylong-term climatological variations for Paranal. It is also concluded that Reanal ysis surface pressure can not be used to stud ylong-term climatological variations for Paranal, unless considerations are taken with the annual c ycle, the local effects of Paranal, and the atmospheric tide phenomena.

Acknowledgments

NCEP Reanalysis data provided b ythe NOAA-C IRES Climate Diagnostics Center,

Boulder, Colorado, USA, from their Web site at http://www.cdc.noaa.gov/

Paranal meteorological data provided b yMarc Sarazin (European Southern Observator y/

Paranal Observator y).

References

[1] Bustos, R., 2000: ^A 52-Year Climatological Studyfor the Paranal Area Using

NCEP/NCAR Reanalysis Data~. Internal report, European Southern Observatory , Paranal

Observator y.

[2] Salby, M. L., 1996: ^Fundamentals of Atmospheric Ph ysics~. Academic Press, San Diego.

[3] Bustos, R., Delgado, G., N yman, L., and Radford, S., 2000: ^52 years of climatological data for the Chajnantor area~. ALMA Memo Series No. 333.

[4] Aceituno, P., Montecinos, A., 2000: ^Diurnal c ycle over the South American altiplano:

comparison of NCEP/NCAR reanalysis with upper-air observations during the Visviri field experiment~. Sixth International Conference on Southern Hemisphere Meteorology and Oceanography , P4.28.

[5] Fuenzalida, H., 1996: ^Dailyc ycle of sea-level atmospheric pressure around 30º S over the Chilean coast~. Beitr . Phys. Atmosph . Vo . 69 , No. 2, pp. 349-353.

A 15-Year Cross-correlation Analysis of

NCEP/NCAR Reanalysis Data with

Paranal Ground Stations

Ricardo Bustos Placencia

Civil Electrical Engineer

University of Chile rbustos @dgf.uchile.cl

Presented to the European Southern Observatory

Paranal Observatory

January 2001

Index

1. Introduction

2. Surface temperature analysis

2.1 NCEP/NCAR data

2.2 Ground station data

2.3 Cross-correlation analy sis

3. Surface pressure analysis

3.1 NCEP/NCAR data

3.2 Ground station data

3.3 Cross-correlation analy sis

4. Conclusions

Acknowledgements

References