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Acronyms and Abbreviations 

ascii American Standard Code for Information Interchange 
ARM Atmospheric Radiation Measurement Climate Research Facility 
C centigrade 
DOE U.S. Department of Energy 
mm millimeter 
ORG optical rain gauge 
QME Quality Measurement Experiment 
RMSE root-mean-square error 
SGP Southern Great Plains, an ARM megasite 
VAP value-added product 
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1.0 General Overview 

To improve the quantitative description of precipitation processes in climate models, the U.S. Department 
of Energy (DOE) Atmospheric Radiation Measurement (ARM) Climate Research Facility deploys several 
types of rain gauges (MET, RAIN, and optical rain gauge [ORG] datastreams) as well as disdrometers 
(DISD and VDIS datastreams) at the Southern Great Plains (SGP) Site. This handbook deals specifically 
with the independent analog ORG (i.e., the ORG datastream). 

 

2.0 Instrument Title 

Optical Rain Gauge 

 

3.0 Mentor Contact Information 

Mary Jane Bartholomew 
Brookhaven National Laboratory 
MS 490D 
Upton, NY 11973 
Phone: (631) 344-2444 
Fax: (631) 344-2060 
bartholomew@bnl.gov 
 

4.0 Vendor/Developer Contract Information 

Optical Scientific 
2 Metropolitan Ct # 6 
Gaithersburg, MD 20878 
Phone: (301) 963-3630 
www.opticalscientific.com 
 
A copy of the instrument manual is provided in Appendix A. An online version (possibly more up to date) 
is available at http://www.opticalscientific.com/_OSI_Support_Contact.html 
 

5.0 Deployment Locations and History 

Deployment of the ORG began at the SGP Site and ARMC1 in November 2007 and is ongoing. 

 

6.0 Near-Real-Time Data Plots 

Near-real-time data plots can be viewed at http://plot.dmf.arm.gov/plotbrowser/. 

mailto:bartholomew@bnl.gov
http://www.opticalscientific.com/
http://www.opticalscientific.com/_OSI_Support_Contact.html
http://plot.dmf.arm.gov/plotbrowser/
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7.0 Data Description and Examples 

7.1 Data File Contents 

Datastreams are configured as follows:  xxx is the three-letter site description and n is the site number. 

7.2 Optical Rain Gauge 

xxxrorgCn.00 raw data, asci files 

xxxorgCn.b1 netcdf version of data 

 

8.0 Primary Variables and Expected Uncertainty 

8.1 Optical Rain Gauge Variables 

Optical range gauge variables are shown in Table 1. 

Table 1. ORG rain gauge variables, ORG datastream. 

Quantity Variable 
Measurement 

Interval Unit 
base time in Epoch base_time 1 min seconds since YYYY-mm-dd 

XX:XX:XX X:XX 
time offset from base_time time_offset 1 min seconds since YYYY-mm-dd 

XX:XX:XX X:XX 
time offset form midnight time 1 min seconds since YYYY-mm-dd 

XX:XX:XX X:XX 
north latitude lat constant degrees 
east longitude lon constant degrees 
altitude alt constant meters above sea level 
rainfall intensity precip_mean 1 min mm/hour 
maximum rainfall intensity  precip_max 1 min mm/hour 

minimum rainfall intensity  precip_min 1min mm/hour 

rainfall intensity standard 
deviation  

precip_sd 1 min mm/hour 

org gauge carrier level org_car 1 min volts 
Note: lat/lon/alt refers to the ground where the instrument is sited, NOT the height of the sensor. 
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8.2 Expected Uncertainty 

Precipitation intensity measured by the analog optical gauge is reported every minute. The manufacturer 
claims an accuracy of ±5% of observed intensity over a range from 0.1 to 500 mm/hr. 

8.3 Definition of Uncertainty 

We define uncertainty as the range of probable maximum deviation of a measured value from the true 
value within a 95% confidence interval. Given a bias (mean) error B and uncorrelated random errors 
characterized by a variance ı2, the root-mean-square error (RMSE) is defined as the vector sum of B and 
ı2, as shown below: 

RMSE = (%����ı2)1/2 

B may be generalized to be the sum of the various contributors to the bias, and ı2 the sum of the variances 
of the contributors to the random errors. To determine the 95% confidence interval, we use the Student’s t 
distribution—tn;0.025 §��—assuming the RMSE was computed for a reasonably large ensemble. Then, the 
uncertainty is calculated as twice the RMSE. 

8.4 Diagnostic Variables 

The “org_car” variable is the one indicator of instrument health. It should always be between 2.5 V and 
5 V. Any other values indicate suspect data. 

8.5 Data Quality Flags 

Data quality flags are shown in Table 2. If data are missing for a sample time, a “missing_value” value of 
-999 is assigned to that field.  

Table 2. ORG data quality flags. 

Quantity Variable 
Measurement 

Interval Minimum Maximum Delta 
sample time qc_time 1 min    
org carrier voltage qc_org 1 min 2.5volts 5 volts N/A 

8.6 Dimension Variables 

Dimension variables are shown in Table 3. 
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Table 3. ORG dimension variables. 

Quantity Variable Measurement Interval Unit 
Base time in Epoch base_time 1 min or 30 min seconds since YYYY-mm-dd 

XX:XX:XX X:XX 
Time offset from 
base_time 

time_offset 1 min or 30 min seconds since YYYY-mm-dd 
XX:XX:XX X:XX 

Time offset form 
midnight 

time 1 min or 30 min seconds since YYYY-mm-dd 
XX:XX:XX X:XX 

north latitude lat once degrees 
east longitude lon once degrees 
altitude alt once meters above sea level 
Note: lat/lon/alt refers to the ground where the instrument is sited, NOT the height of the sensor. 

 
 
9.0 User Notes and Known Problems 

The ORG performs poorly at ambient temperatures below zero degrees Centigrade (C), and any data 
collected under those conditions should not be trusted. Other observations of precipitation intensity can be 
found in the MET, RAIN, DISD, and VDIS datastreams during freezing conditions. 

 

10.0 Data Quality 

10.1 Health and Status 

The following links go to current data-quality health and status results: 

x DQ HandS (Data Quality Health and Status)  

x NCVweb for interactive data plotting. 

The tables and graphs shown contain the techniques used by ARM’s data-quality analysts, instrument 
mentors, and site scientists to monitor and diagnose data quality. 

10.2 Reviews by Instrument Mentor 
x QC frequency: Once or twice a week 

x QC delay: Three days behind the current day 

x QC type: DSview plots for instrument operational status, otherwise DQ HandS diagnostic plots 

x Inputs: None 

x Outputs: Data Quality Problem Report and Data Quality Report as needed 

x Reference: None. 

http://dq.arm.gov/
http://dq.arm.gov/ncvweb/ncvweb.cgi
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10.3 Assessments by Site Scientist/Data Quality Office 

All Data Quality Office and most Site Scientist techniques for checking have been incorporated within 
DQ HandS, and can be viewed there. 

 

11.0 Value-Added Procedures and Quality Measurement 
Experiments 

Many of the scientific needs of the ARM Climate Research Facility are met through the analysis and 
processing of existing data products into “value-added” products (VAP). Despite extensive 
instrumentation deployed at ARM sites, there will always be quantities of interest that are either 
impractical or impossible to measure directly or routinely. Physical models using ARM instrument data as 
inputs are implemented as VAPs and can help fill some of the unmet measurement needs of the program. 
Conversely, ARM produces some VAPs to improve the quality of existing measurements rather than to 
fill unmet measurement needs. In addition, when more than one measurement is available, ARM also 
produces “best estimate” VAPs. A special class of VAP, called a Quality Measurement Experiment 
(QME), does not output geophysical parameters of scientific interest. Rather, a QME adds value to the 
input datastreams by providing for continuous assessment of the quality of the input data based on 
internal consistency checks, comparisons between independent similar measurements, or comparisons of 
measurement with modeled results, etc. For more information, see VAPs and QMEs web page. 

 

12.0 Instrument Details 

The ORG measures rainfall by detecting the optical irregularities induced within the sample volume by 
precipitating particles falling through a beam of partially coherent infrared light. These irregularities are 
known as scintillation. By detecting the intensity of the scintillation, the actual rainfall rate can be 
measured. 

12.1 Detailed Description 

The ORG consists of a frame that contains 1) the transmit head, 2) a receive head and electronics, and 3) a 
15-meter-long power/signal cable. The transmit head contains an infrared emitting diode and lens with 
heater. The other head contains a photodiode, lens and aperture, heater, electronics, and cable connectors. 
All wiring between the heads runs within the frame. 

12.2 List of Components 

In addition to the instrument itself, there is a data-acquisition system shared with the weighing bucket rain 
gauge (RAIN datastream). The observations from both devices are logged on a Campbell Scientific 
CR1000 data logger housed in a waterproof enclosure within ~20 meters of the sensors. Media converters 
are used to switch to optical signals, and the computers that operate the system and store data are located 
within a few hundred meters. 

http://dq.arm.gov/
http://www.arm.gov/data/vaps
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13.0 System Configuration and Measurement Methods 

13.1 Data-Acquisition Cycle 

During normal operation, the ORG makes one measurement per minute. 

13.2 Firmware Overview 

The ORG was manufactured by Optical Scientific Inc., and the model is ORG_815-DA. 

13.3 Processing Received Signals 

The Campbell scientific data logger produces American Standard Code for Information Interchange (asci) 
files with the results, and no further processing of the data is required. Equivalent data files in netcdf 
format are produced at ARM’s Data Management Facility. 

13.4 Siting Requirements 

Siting requirements for ORGs include a solid footing with at 10-foot-high mounting pole. Objects such as 
trees and buildings should be at least twice as far away from a site as their height. If snowfall can be 
expected at the site, the opening of the gauge should be above average snow level. Optical rain gauges 
should not be located near exhaust vents of buildings, runways, and roads. 

13.5 Calibration 

Calibration is done at the manufacturer’s facility. 

 

14.0 User Manual 

With permission from Optical Scientific, Inc., the user manual for the ORG_815-DA is reproduced in 
Appendix A. 

 

15.0 Routine Operation and Maintenance 

Routine maintenance should be performed weekly. 

15.1 Inspection of Site Grounds near the Instrument 

Visually check the site grounds around the instrument for hazards such as rodent burrows, buried conduit 
trench settling, and insect nests. 
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Checklist response: 

No Problems Noted 

Problem: Enter any applicable comments for this preventative maintenance activity. 

15.2 Visual Inspection of Instrument Components 

Check that all the conduits on the bottom of the control boxes are secure. Check all conduits from the 
control boxes to the sensors for damage. Check all sensor wires inside the control box for tightness and 
damage. Check all of the connections at the sensors for damage, water intrusion, and tightness.  

Checklist response: 

No Problems Noted 

Problem: Enter any applicable comments for this preventative maintenance activity. 

15.3 Check Status of Light Emitting Diode on the CR1000 Data Logger 

The light emitting diode should flash once every second during normal operation  

Checklist response: 

No Problems Noted 

Problem: Enter any applicable comments for this preventative maintenance activity. 

15.4 Check Clock Values shown on the LoggerNet Screen 

The station clock should automatically be set to server clock if times differ by 1 second or more. This 
automatic check is done once a day by the LoggerNet program. The times should never differ by more 
than 1 minute. 

Checklist response: 

No Problems Noted 

Problem: Enter any applicable comments for this preventative maintenance activity. 

15.5 Active Maintenance and Testing Procedures 

Checklist response: 

No Problems Noted 

Problem: Enter any applicable comments for this preventative maintenance activity. 
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16.0 Software Documentation 

Data logger script 

File splitting script 

Ingest software 
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ORG_815-DA User’s Guide 
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