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SCIENCE GOALS 

The basic science goals of the Tropical Western Pacific component of the  ARM 
program are: 

I. Determine the  magnitude of the surface radiation budget terms and determine 
their spatial and temporal variability. 

2. Identify bulk and optical properties of clouds in the  TWP and how these  
properties affect the radiation budget. 

3. Understand the  linkages among sea surface temperature, ocean-atmosphere 
coupling, surface radiation budget, and tropical convection. 

4. Determine vertical transports of water vapor, energy, and momentum in 
convective cloud systems. 

These goals represent a sequence of increasing complexity of knowledge, as well as 
increasing complexity of measurement. The first is fundamental. W e  have relatively 
incomplete knowledge of the surface radiation budget in the TWP, particularly over 
periods of time longer than a month or a few months. Similarly, high-resolution 
measurements of bulk cloud properties in the TWP have only been made  for short 
periods of times during campaigns or research vessel cruises. Further, data sets to 
establish the  effect of clouds on the radiation budget do not exist. The  third goal 
seeks to understand the processes in the TWP that connect surface fluxes, sea 
surface temperature, and convection. These connections a re  at the heart of 
meteorology in the  TWP and must be well understood for both short-range and long- 
range climate modeling. The  fourth goal represents the linkage between cloud 
systems and the larger circulation patterns of the  region. In addition, it encapsulates 
cloud feedback processes as they impact t h e  surface radiation budget and sea 
su rface temperature. 

The TWP area  of interest to ARM is very large, mostly ocean, logistically remote, and 
operationally costly. Consequently, ARM operations in the TWP will be more limited 
in scope than in some other locations. Achieving the scientific goals will require a 
careful blending of long-term, surface remote sensing observations with field 
campaigns and satellite observations. The Atmospheric Radiation and Cloud Station 
(ARCS) currently operating at Manus Island, PNG, is the  first s tep in the  acquisition 
of long-term data on surface radiation budget and cloud properties. T h e  planned 
deployment of additional ARCS on Nauru and Kiritimati islands will further enhance 
this acquisition. 

U. S. Department of Energy (DOE), 1991. Identification, Recommendation, and 
Justification of Potential Locales for ARM Sites. DOE/ER-O495T, National Technical 
Information Service, Springfield, Virginia. 

Radiation Measurement Program (ARM). DOE/ER-670T, National Technical 
Information Service, 

U. S. Department of Energy (DOE), 1996. Science Plan for the  Atmospheric 
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The ARM TWP team carefully selected t h e  ARCS instrumentation to address  the 
issues raised by the first two goals. A list of ARCS measurements and instruments is 
given in Table 1. Detailed information on the  various instruments is available on the  
ARM homepage (www.arm.gov). The system measures all components of the  
surface radiation budget. The system currently measures only cloud-based heights 
and cloud base temperature or cloud emissivity, depending on the cloud thickness. 
Plans are in place to upgrade the cloud measurements to include cloud top, as well, 
as base height, and cloud fraction. In addition, routine measurements of the  
atmospheric base state a re  acquired with radiosondes, profilers, and surface 
meteorological sensors. A summary of the data acquired by thetManus ARCS 
during this current period is given in Section 1.2.1. We encourage members of the  
scientific community to access that data and use  it in their research. 

Table I. ARCS measurements and instruments. 

Measurement Instruments 

Surface radiation balance 

Surface meteorology 

Cloud properties 

Aerosol optical depth + 

Column water 

Vertical structure of the 

0 

I *  

. *  

Up- and down-looking pyranometers and 
pyrgeometers 
Sun-shaded pyranometer and pyrgeometer 
Normal incidence pyrheliometer 
Up- and down-looking 9-1 1 pm narrow field of . 
view radiometers 
UV-B hemispheric radiometer 
Broad band (solar and infrared) net radiometer 

Temperature and relative humidity sensor 
Barometer 
Optical rain gauge 
Propeller vane anemometer 

Cloud lidar (523 nm) 
Ceilometer (7.5 km maximum range) 
-35 GHz radar a 

Whole sky imager a 

L'... . 
I .. ~ 

,-. , . .  

Multi-filter rotating shadow band radiometer 
(total, direct, and diffuse irradiance in six 10 nm 
channels) 

Dual channel (23.8 and 31.4 GHz) microwave 
radiometer 
Rawinsonde 
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atmosphere 915 MHz wind profiler with RASSb 

a - Not currently installed b - Operated in cooperation with NOAA's 
Aeronomy Lab 

* 

Siting Strategy 

An important property of the climate in the tropical Pacific is a strong east to west 
gradient in various climate parameters including sea surface temperature, water 
vapor column, and frequency of convection. The Tropical Western Pacific is 
characterized by high sea surface temperatures and frequent, deep convection. 
Toward the eastern Pacific, there is a steady decline in sea surface temperature and 
a corresponding decrease in the frequency of convection. Because of this 
longitudinal structure and its variability it would be difficult to characterize the climate 
of the tropical Pacific with a single site. The plan for ARM in the TWP is to deploy an 
ARCS at five sites to sample the  structure in this region, as  shown in Fig. 2. 

The deployment schedule and status of t h e  sites are given in Table 2. The current 
implementation plan calls for the TWP locale to be fully operational by 2002. ARM 
and South Pacific Regional Environment Programme (SPREP) are working closely 
together in siting, public awareness, educational, and other aspects of implementing 
the TWP locale. 

Table 2. Proposed schedule and status of ARCS sites in the Tropical Western 
Pacific. 

Site Latitude Longitude Start Date Status 

I Manus 

2 Nauru 

3 Kiritimati 

4 off 
Equator 

Equator 
5 off 

2.060's 

0.53"s 

I .87"N 

--- 

- 

147.425'E 

166.92E 

157.33"W 

--- 

-- 

1996 

1998 

1999 

2000 

2001 

Operations began in . 
.October 1996 

Operations to start in 
September 1998 

Proposed 

No site selected 

No site selected 
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f . 0  MANUS SITE, PAPUA NEW GUINEA 

The first TWP site is in Manus Province, Papua New Guinea (PNG). This site was 
chosen because of its location within the  heart of the  Pacific warm pool, the  
existence of a N O M  Integrated Sounding System (ISS), and the support of the PNG 
National Weather Service (NWS). The site is located a t  the NWS station at t h e  
Momote airport on Los Negros Island at 2.O6O0S, 147.425"E (see Fig. 3). 

Bipi 
Island 

0 

9 
0 

Los Negros 
Island 

K MANUS ISLAND 

Momote 
0 

0 
0 Island 

Lou P -- 0 I O  20 km 
u 

Fig. 3. Manus Province, Papua New Guinea. The ARCS is located at the National 
Weather Service station af the Momote airporf on Los Negros Island. 

The site is 6 meters above sea level. The highest point on Manus  Island is 702 my 
but most of the island has an elevation of less than 200 m. The highest point on Los 
Negros Island is 121 m but within 3 km of the site the elevation is less than 20 m. All 
equipment is located within the National Weather Service compound a t  Momote (Fig. 
4). The siting, installation, and operation of the Momote site is a collaborative effort 
between ARM TWP and the  PNG National Weather Service. 
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. . .  

P d&A------ 
Fig. 4. ARCS installation at National Weather Service station at Momote airport, 
Manus Province, PNG. 

I .I Manus Operations 

ARCS-I w a s  installed at Momote during August and September, 1996. It was  
shipped from Long Beach, California on 22 May and all components were on site by 
07 August. Installation began on 24 August and took 6 weeks and 435 man-days of 
work for completion. The  site was  formally commissioned on 12 September and 
routine operations began on  8 October. PNG NWS staff a r e  in charge of the  daily 
operations of the  site. Assistance in performing these duties and in troubleshooting 
problems is provided by the  TWP Operations Center in the US. Communications 
between the  site and the Operations Center are  conducted by phone, fax, and 
satellite. A REgional SEwice Team (RESET) visits the site periodically to perform 
maintenance and calibration. These routine visits are nominally scheduled at 6 
month intervals. Additional visits a r e  made when required. Appendix A shows a site 
layout of instruments and facilities. 

Operation of the Manus site is managed out of the TWP Operations Center at 10s 
Alamos National Laboratory in collaboration with the  Papua New Guinea National 
Weather Service. 
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I .I .I Manus Operations Status 

The Manus site has been operating since 8 October 1996. Currently all planned 
instrumentation except the whole sky imager and the  cloud radar are installed and 
operating. Helium is being used as the  lift  gas for the once per day balloon borne 
sounding at OOZ (I000 Mountain Standard time). Health and status data a re  
transmitted hourly from the site to the ARM Experiment Center via the GOES 
satellite system. All data a re  returned on tape  monthly by courier service. Locally, 3 
PNG NWS staff operate the site. 

RESET Visits: 

A Regional Service Team (RESET) visit consist of 2 or more TWP technicians and 
are  classified as either routine or non-routine visits. Routine visits are primarily 
aimed a t  instrument calibration, observer training, and semi-annual maintenance. 
They are  scheduled a t  6 month intervals. Non-routine visits a re  for special retrofits 
or emergency repairs and can be initiated at any time. 

During this reporting period there were two RESET trips to the Manus  site. 

RESET-t: (February 1997, 2 weeks, 3 persons). This was a routine visit aimed a t  
radiometer comparison testing and changeout as well as staff training. Other work 
included MPL and ADaM repair, ceilometer data retrieval, data van power 
diagnostics, purging of data loggers, and MWR reconfiguration. 

RESET-2: (September 1997, 2.5 weeks, 2 persons). This was a non-routine visit to 
install a GPS based BBSS to replace the Omega based system. Other work a t  
Manus included MWR data retrieval, ADaM upgrades, MPL system reloading, NIP 
changeout, generator maintenance, SKYRAD datalogger configuration upgrade, 
MFRSR parts replacement, and data van humidity diagnostics. Another priority was 
to install a printer and new software on the HRPT satellite system at NWS 
headquarters in Port Moresby. Both required training of local staff. 

. 

Significant Events 

Below are  significant operational events that occurred during this reporting period. 
The sequential labels (MAS-SE-N) indicate the Manus (MAS) Significant Event (SE) 
and number (N). 

MAS-SE-I : Generator malfunction 
Soon after installation of the ARCS equipment, a malfunction of the back-up 
Generator’s transfer module occurred. A local PNG Caterpillar representative 
repaired t h e  generator in December, 1996 with replacement parts sent from t h e  US. 
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MAS-SE-2: MPL shutdown 
Because of t h e  generator problem the  MPL mentor decided to shutdown the  
instrument to avoid possible damage to the  laser due  to long-term power outages. 
The MPL was brought back on line during the RESET-I visit in February, 1997. 

MAS-SE-3: Damaged cables: 
On December 3 ,1996 vandals cut several cables to the SKYRAD, GRNRAD, and 
SMET dataloggers and instruments. Instruments continued to operate on battery 
power until temporary repairs were made by a local service contractor. Permanent 
repairs were made during the RESET-I visit in February. 

MAS-SE-4: ADaM Serial ports p,roblem: 
The ARCS Data Management system developed a problem with its serial ports each 
Friday when data tapes  were written. Observers were instructed how to correct this 

. 

problem manually until is was corrected during the RESET-I visit 

MAS-SE-5: Ceilometer computer problems: 
The ceilometer continues to require daily reboots to prevent loss of data transfer to 
ADaM. Either a hardware or software fix is needed, but details a re  yet to be 
determined. 

MAS-SE-6: Hydrogen Generator Repair: 
An Australian contractor and PNG NWS staff performed repairs and upgrades on t h e  
hydrogen generator at the site in September, 1997. There a re  still modifications to 
be done and safety issues to be resolved before we will start using hydrogen for the 
BBSS lift gas. Until that time soundings will be limited to the daily OOZ launch. 

MAS-SE-7: GPS BBSS installation: 
A new GPS based Balloon Borne Sounding System was installed in September, 
1997. This was necessary because the  OMEGA navigation system was  shu t  off on 
30 September 1997. The Manus NWS staff were trained on the system. 

MAS-SE-8: HRPT Satellite system upgrade: 
During the RESET-2 visit a color printer was installed on the HRPT satellite 

receiving system at the NWS headquarters in Port Moresby. A software upgrade 
was also installed and NWS staff were instructed in new operational procedures. 

MAS-SE-9: Solar panel vandalism: 
On October 31, 1997 half of the D-Van array of solar panels were vandalized during 
the night. The remaining solar panels were adequate to power the GRNFWD and 
SMET instruments, the only instruments powered by the D-Van solar panels. After 
this incident it was decided to retrofit the site (at t h e  next RESET Visit) to remove all 
dependency on solar panels. 
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MAS-SE-I 0: SKYRAD logger malfunction: 
On October 31 , 1997, in an event unrelated to the “solar panel vandalism”, the 
SKYRAD datalogger stopped reporting data. The logger’s RS232RS422 converter 
turned out to be t h e  culprit. The entire logger was replaced with a spare  a t  t h e  site 
and the system reconfigured. The malfunctioning logger was returned to the US and 
all the data collected during the non-reporting period was retrieved. 

MAS-SE-I I : EVE fails: 
On November 6, 1997 ADaM stopped processing data. When the system defaulted 
to EVE (computer), it did not respond. Within a week we were able to get ADaM 
reporting again, but EVE could not be revived. A replacement EVE was  shipped out 
to be installed on  a subsequent RESET Visit. 

MAS-SE-12: M f L  s tops  reporting data: 
On November 10,1997 the MPL computer stopped reporting as condensation began 
to appear  inside t h e  laser. The laser was turned off and opened up by t h e  local 
observer to dry it out. This did not help. A replacement Laser Diode was  shipped 
out to be installed on a subsequent RESET visit. 

MAS-SE-I 3: Emergency generator (GENSET) down: 
On December 12,1997 t h e  emergency back-up generator did not come on when t h e  
local grid power went down. The Generator start-up battery charging system and 
transfer switch were not working properly. TWP technicians worked remotely with 
the local observer to fix the problem. 

I :  

MAS-SE-14: MFRSR stops reporting: 
On December 12 ,1997  the MFRSR mentor noticed that the MFRSR head 
temperature was not steady. A local observer reported the  shading arm was  not 
rotating. After a month of mixed results in trying to get the instrument to report 
consistently it died for good. A replacement circuit board was shipped out to be  
installed on a subsequent RESET visit. I 

% ,  . : ;  . .  ‘ *  

. .  . .  1 .I .2 Manus Operations Projection 
I, 

Special RESET Visit: 
A non-routine RESET Visit is scheduled for February, 1998, to Replace EVE, install 
RACE, and redo ADaM data processing. Other tasks to be  taken on are replacing 
the MPL laser diode, repair the I-Van UPS system, move the BBSS equipment from 
the I-Van to the E-Van and install DC power for the SMET and GRNRAD instruments 
to replace t h e  solar power system. 

RESET-3: 
A routine RESET Visit is scheduled for April, 1998, to perform semiannual 
calibration, instrument change-out, comparison testing and maintenance. Also 
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planned for this visit is another MPL laser diode change-out and the replacement of 
the Ceilometer computer. 

SKYRAD 
GNDRAD 
SMET 
MFRSR 
MWR 

RESET4 
A non-routine visit is proposed for June,l998, to install the Whole Sky Imager and 
make power and data ingest modifications to the site. 

Oct. 9 - Dec. 31 
Oct. 9 - Dec. 31 9.0 (I) 
Oct. 9 - Dec. 31 
Oct. 9 - Dec. 31 22.1 (2) 
Oct. 9 - Dec. 31 

0.7 

0.6 

4.6 

1.2 Manus Data Quality 

MPL 
VCEIL 

Oct. 9 - Dec. 31 
Oct. 9 - Dec. 31 

AI1 TWP data is reviewed by the TWP Site Scientist Office at Penn State 
University before being released for use. Data quality is assessed in two stages. 
First, the site transmits data via GOES satellite each day. This message includes 
hourly statistics (mean, maximum, minimum, and standard deviation) of most data 
streams. This is automatically plotted each day and manually inspected for 
problems. Full examination is reserved for the arrival of the full data set which 
arrives on tape monthl?. - 

74.5 (3) 
45.3 (4) 

. .- 
Once the full data set is retrieved, all the data is plotted using a set of Matlab tools 
developed at Penn State. These plots include simple daily plots of the raw data and 
diagnostic plots of instrument to instrument and instrument to model comparisons. 

I .2.1 Manus Data Quality Status 

The goals for the analysis of data quality are: 

A. Completely describe the existence of the data: For each instrument, report 
the periods when the instrument produced data. 
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