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PART 1  

INTRODUCTION  
 

1. Introduction 
 
Accurate measurement and calibration of meteorological variables are 
essential for the efficient operation of the National Meteorological and 
Hydrological Services (NMHS) throughout the world. Among the many 
factors that significantly influence Meteorology, Hydrology and 
Cryosphere are temperature and pressure. Recognizing the significance of 
accurate temperature and pressure readings, the National Centre of 
Hydrology and Meteorology (NCHM) has started with the calibration of 
meteorological instruments through the support from Japan International 
Cooperation Agency (JICA) experts. 
 
The Technical Planning and Standard Section (TPSS) of NCHM is 
responsible for overseeing the instrumentation and calibration of hydro-
met instruments and accessories. However, up until now, the centre has not 
conducted calibration of the hydro-met instruments. Acknowledging the 
significance of accurate measurements, NCHM has sought the expertise of 
JICA to establish a calibration program for temperature and pressure 
variables to ensure the precision and reliability of those data. 
 
Temperature and pressure are fundamental meteorological variables that 
form the foundation of weather and climate analysis and prediction. 
Accurate temperature data is crucial for understanding local and regional 
climate variations, identifying heatwaves, cold waves, and other extreme 
weather events, and facilitating climate change research. Pressure 
measurements, on the other hand, helps in weather forecasting by 
identifying areas of low or high pressure.  
 
Calibration is a critical process that ensures the accuracy, reliability, and 
traceability of hydro-met instruments. It involves comparing the 
measurements obtained from the field instrument with the reference 
standards of known accuracy. By initiating the calibration of temperature 



 2 

and pressure instruments, NCHM aims to enhance the quality and 
reliability of its meteorological data, aligning with international standards 
and best practices. 
     

 
2. Scope for Standard Operating Procedure (SOP) 

 
This SOP outlines the procedure for the calibration of temperature and 
pressure instruments within the National Centre of Hydrological and 
Meteorology (NCHM). The instrument used for the calibration are manual 
thermometer and barometer. Calibration of other temperature sensor such 
as automatic temperature sensor is not covered under this procedure.  
Calibration of barometers consists tests of the specified pressure between 
1050 and 500 hPa using pressure adjustable calibrator and for 
thermometer, it consists of a visual check and eight points calibration test 
using antifreeze liquid bath in the range of -20 to +45 °C. 
This document also provides the instructions for handling the instruments, 
preparing the calibration equipment’s, responsibilities and performing the 
calibration procedures accurately. Field inspection and maintenance 
schedules are not included in this SOP. The Technical Planning and 
Standard Section is currently working in collaboration with JICA experts 
to develop a separate Calibration and Inspection Manual (TSRD-PR-01) 
that will include the comprehensive field inspection and maintenance 
procedure and schedule.  
 

3. Purpose 
 
The Objective of this SOP is to establish a standardized and systematic 
approach for the calibration of temperature and pressure instruments 
within the National Centre for Hydrology and Meteorology (NCHM). This 
will enhance the quality, accuracy, and reliability of temperature and 
pressure data collected by NCHM.  
By establishing standardized calibration procedures, the SOP supports the 
organization’s commitment to delivering high-quality meteorological 
services and contributing to the national understanding of Hydro-
Meteorological phenomena. 
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4. Updating of the SOP 

 
The SOP shall be revised, if required, to incorporate changing needs, 
technology advancements and different approaches required, or to enhance 
content. 
 

5. Responsibility of Officers and forecasters during extreme 
weather events 

 
5.1. Technician 

● Perform the calibration of temperature and pressure 
instruments according to the SOP. 

● Maintenance of the instruments and ensuring good working 
condition. 

● Follow the calibration procedures accurately, including the 
setup, measurements, and adjustments. 

● Record all relevant data during the calibration process. 
● Identify and report any issues encountered during the 

calibration. 
● Ensure proper handling of instruments and calibration 

equipment. 
● Carrying out field inspection and calibration. 
● Daily monitoring of the calibrated field data to ensure the 

accuracy. 
● Assist the officer in preparing the calibration related 

documents. 
● Provide training and guidance to the field staff on the 

calibration procedure. 
 

5.2. Officer 
● Provide guidance and support to the technicians performing 

the calibration. 
● Review and validate the calibration results and 

documentation for accuracy and completeness. 
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● Verify the calibration certificates and ensure traceability to 
national or international standards. 

● Maintain and update calibration documents and field 
inspection report with the technician. 

● Conduct periodic inspections to ensure adherence to the 
SOP and quality standards. 

● Preparing training material and providing training to the 
concerned focal on the calibration procedure. 

● Ensure the availability and proper functioning of calibration 
equipment and reference standards. 

● Managing the Calibration Lab. 
 

5.4 Responsibilities of Division/Center 
● Oversee the calibration process and ensure compliance with 

the SOP. 
● Coordinate with the Regional Instrument Centre (RIC), 

JMA to maintain traceability of NCHM standards with the 
international standards. 

● Coordinate with external experts, such as JICA, for training 
and technician assistance related to calibration. 

● Continuously review and update the SOP based on 
advancements in calibration techniques and industry best 
practices. 

 
 
 
 
 
 
 
 
 
 
 
 
 



 5 

PART 2  

LAB CALIBRATION MANUAL FOR ELECTRIC 

BAROMETERS 
 

1. Traceability of Barometers 
 
NCHM ensures traceability with the international standards through its 
collaboration with Regional Instrument Center (RIC), Japan 
Meteorological Agency (JMA). RIC-JMA is designated by the World 
Meteorological Organization (WMO) to serve as regional centers for 
instrument calibration and quality control. The following figure shows the 
pressure calibration flow at NCHM laboratory. Laboratory calibration of 
the sub-standard barometer are performed using the standard barometers, 
similarly the operational barometers are calibrated using the sub-standard 
barometer, shown within orange line in Fig 1. 

 
Fig 1. The barometer calibration flow in NCHM laboratory. 
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2. Equipment/Documents 
 

● Standard electric barometers or Traveling standard 
barometer 

● Electric barometers to be calibrated 
● Pressure adjuster (Pressure & de-pressure pump) 
● Connections, cables, and accessories 
● Calibration sheet 
● Calibration certificate 

 
3. Procedure 

 
3.1. Overview 

� Preparation.  
� Connect the standard barometer and the barometers to be calibrated 

to the pipe of the calibration equipment and check for leakage.  
� As shown in the calibration sequence below, adjust the specified 

pressure between 1050 and 500 hPa and read the value of 
barometers.  

� Return to outer air pressure then remove the barometers. 
� Calculate the correction values of specified pressure point. 

 
Fig 2. Calibration Sequence 
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3.2. Preparation 
� The barometers which are to be calibrated should be brought into 

the calibration room one day prior to the calibration so that they 
will adapt to the room temperature in advance. 

� Turn on the air conditioners (ACs) one day before the start of the 
calibration.  Keep the room temperature constant within the range 
of 18 to 25°C.  Avoid the direct wind of the ACs to the calibration 
equipment.  

� The calibration should be made by the minimum number of staff to 
reduce their effect on the temperature of the calibration room. 

� Read the room pressure and temperature and record them on the 
calibration sheet. 

� Arrange the calibration equipment on the calibration table as shown 
in Fig.1-2. Do not connect the barometers to the ports yet.  Note 
that the pressure ports of all the barometers must be at the same 
height.  Check if all the valves (K1, K2, V1, V2, V3, V4, V5) are 
closed and the pressure wheel (W1) is set to the closed position. 

� Read serial numbers, manufacturer name and date of manufacture 
on the barometers and record them on the calibration sheet. 

� Turn anti-clockwise the nob of the pressure outlet valve (K1) three 
times so that the pressure adjuster will be opened to the pressure 
pipes.  Be careful not to turn K1 anti-clockwise more than three 
times. 

� Open the valves V1 and V2 so that the pressure pipe and the 
adjuster will be opened to the outer air. 

� Turn W1 anti-clockwise and pull out the cylinder by about 10 cm.  
The clean filtered air will be filled up in the cylinder through V1. 
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� Open V3, V4 and V5 (if there is no second barometer to be 
calibrated, keep V5 closed). 

 
 

3.3. Connect the Barometers and Check Leakage 
� Connect all the barometers to the respective ports.  Note that if V3, 

V4 or V5 are NOT opened at this point, it could change the pressure 
inside the barometers abruptly and may cause problems for them. 

� Close V1 so that the pressure adjuster and the barometers are 
separated from the outer air and are ready for calibration.  

� Turn W1 clockwise (or anti-clockwise) slowly to increase the 
pressure up to 1055 hPa. Bear in mind that W1 should be turned 
slowly so that the pressure will change at the rate of less than 1 
hPa per second.  Leave it for 10 minutes to check for any air 
leakages. 
 



 9 

3.4. The First Calibration with Decreasing Pressure 
� The first series of the calibration should be made at the following 

calibration points while decreasing the pressure at 10-minute 
interval: 1050, 1000, 900, 800, 700, 600 and 500 hPa. 

� In practice, the calibration can be made if the standard barometer 
reads within ±1.0 hPa from the each calibration point. 

� Turn W1 clockwise slowly to decrease the pressure up to 1050 hPa. 
� Leave it for 5 minutes to check leakage from the pressured pipes. 
� Read pressure values of each barometer three times at 1-minute 

interval and record them on the calibration sheets.  An example of 
the calibration sheet is shown in Annex 1. 

� When there is a large difference between the three readings, take 
another reading after 5 minutes.  

� Move to the next lower calibration point and continue the same 
procedure up to the 500 hPa point. 
 
3.5. The Second Calibration with Increasing Pressure 

� After finishing the calibration at 500 hPa, decrease the pressure 
further to 498 hPa and leave it for 10 minutes to check leakage from 
the pressured pipes. 

� Take the second series of calibration at 500, 600, 700, 800, 900, 
1000 and 1050 hPa while increasing the pressure. 

 
3.6. Return to Outer Air Pressure and Remove the 

Barometers 
� Read the room pressure and temperature and record them on the 

calibration sheet before removing process. 
� After the calibration at 1050 hPa is finished, turn W1 to adjust the 

pressure inside the pressure pipe to the room pressure so that the 
abrupt pressure change will not occur inside the barometers when 
they are removed. 

� Remove all the barometers from the ports.  Pay attention that the 
pressure inside the pressure pipe must be returned to the room 
pressure in advance at 29. Otherwise, the barometers may be 
damaged when removed. 



 10 

� Close K1 and open K2, then close the pressure adjuster by turning 
W1 clockwise tightly and close all the valves. 

 
3.7. Calculate the Correction Value 

� Check the calibration sheet and calculate the correction value at 
each calibration point. 

� Prepare a calibration certificate based on the calibration sheet.   
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PART 3  

LAB CALIBRATION FOR THERMOMETERS USING 

ANTIFREEZE LIQUID BATH 
 

1. Traceability of Thermometer 
 
NCHM ensures traceability with the international standards through its 
collaboration with Regional Instrument Center (RIC), Japan 
Meteorological Agency (JMA). RIC-JMA is designated by the World 
Meteorological Organization (WMO) to serve as regional centers for 
instrument calibration and quality control. The following figure shows the 
thermometer calibration flow at NCHM laboratory. The operational 
thermometers are calibrated using the standard or sub-standard 
thermometers shown within orange line in Fig. 4. 

 
Fig 4. Thermometer calibration flow in NCHM. 
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2. Equipment/Document 
 
� Standard thermometer: Standard platinum resistance thermometer 

with temperature indicator 
� Thermometers to be calibrated 
� Antifreeze Liquid bath (CELSIUS FTL)  
� Stabilized down transformer (Y3Φ415V to Δ3Φ200V) 
� Silicone/rubber/metal bushes, or stand with cramps 
� Calibration sheet 
� Calibration certificate 

 
 

3. Procedure 
 

3.1. Visual Check in case of Liquid-in-glass thermometers 
� Clean the thermometers. 
� Mark serial numbers of calibration on the thermometers to be 

calibrated with a marker pen.  Record it on the calibration sheet. 
� Check that manufacturer name, manufacturing number, 

manufacturing date are clearly marked on the thermometers.  
Record them on the calibration sheet. 

� Check that the lines of the scale, numbers and other signs are 
clearly marked on the thermometers. 

� Check that there is no damage to the thermometers. 
� Check that there is no mercury separation in the capillary of the 

thermometers. 
 

3.2. Visual Check in case of Electric thermometers 
� Read serial numbers, manufacturer name and manufacture date on 

the thermometers and record them on the calibration sheet.  
� Check that there is no damage to the thermometers. 
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3.3. Liquid Bath Test in the Range of -20 to +45 °𝑪 
� Two staff members are required for this test; one will read the 

thermometers and the other will record the data on the calibration 
sheet. 

� Unplug and turn off all the switches of the liquid bath (Fig. 2-8). 
� Pour antifreeze into the bath up to the maximum liquid level. 
� In case of solid glass thermometer, set the standard thermometer 

and the thermometers to be calibrated to silicon or rubber bushes 
(Fig. 2-9). Then, install the thermometers in the liquid bath (Fig. 
2-10).  

� In case of other type of thermometers, install them using the 
stand and clips in the liquid bath (Fig.2-11). 

� Turn on the switch on the distribution board of star three (3) 
phase 415V. 

� Turn on the switches on the stabilized down transformer of delta 
three (3) phase 200V. Check the output voltage 200V±2V on the 
AC meter of transformer front panel. 

� Turn on the switches of the liquid chamber “POWER”, 
“AGITATOR”, “HEARTER1,2”, “REFRIG” and “START ON” 
in this order (Fig. 2-8). 

� The calibration is made at -20, -10, 0, 10, 20, 30, 40 and 45 ℃ in 
ascending order. 

� Set the temperature at -20 ℃	using the key K1. 
� If the standard thermometer stably indicates within -20 °C 

±0.02	°𝐶, read twice the temperature value of each thermometer. 
If the temperature reading of the standard thermometer stays out 
of -20 °C ±0.02	°𝐶, reset K1 to let the standard thermometer  
indicates within -20 °C	±0.02 °C. 

� The first and the second readings should be made by different 
persons to reduce parallax errors originating from personal habits. 
If the first and second readings of a thermometer are the same, the 
value is determined as the final value of the thermometer at -20 
°C. If they are different, read one more time.  If the third reading 
shows the same value of either the first reading or the second 
reading, the matched value is determined as the final value of the 
thermometer at -20 °C.  If not, take another reading. 
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� Record the final values on the calibration sheet.  An example of 
the calibration sheet is shown in Annex 1. 

� When reading a thermometer, the reader should view the 
thermometer on the plane that is perpendicular to the stem of the 
thermometer to avoid parallax errors. Also, pay attention not to 
pick up the mercury bulb out of the liquid of the liquid bath.  

� Thermometers should be read as rapidly as possible to avoid 
changes of temperature caused by the observer’s presence. 

� Repeat the procedure from 9 to 12 until 45 ℃. When after 
reading 30℃, turn off the switch “REFRIG” due to avoid over 
heating of the refrigerator. 

� Check the calibration sheet and calculate a correction value at each 
calibration point. 

� Turn off all the switches of the liquid bath in order of “START 
OFF”, “HEATER1,2”, “AGITATOR” and “POWER”. 

� Take out the thermometers from the liquid bath and wipe out 
antifreeze. 

� Drain the liquid bath if do not use long time.  
� Make calibration certificates based on the calibration sheets.  

 

 
 

Fig 5.  The water bath (CERSIUS FTL) and the switches on the right-
side panel. 
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Fig 6.  Installation of silicon bush on a thermometer. 

 

 
Fig 7.  Installation of the thermometers in the water bath. 

 
 

 
Fig 8.  Installation of other type thermometer using stand and 

cramps 
 

 

Silicon bush 

40 
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ANNEXURE I 

TEMPERATURE CALIBRATION RECORDING SHEET 

NCHM Calibration Sheet for Liquid-in-Glass and/or Electric Thermometer  
This sheet follows the 2. Laboratory Calibration Manual for Liquid-in-Glass/Electric Thermometer.  Use only 0 and 30 deg.C 

columns of the test point, in case of Electric thermometer. 
            

 Date of 
calibration:   Inspector 1:   Start time:    Room temp. at start time:     

   Inspector 2:   End time:    Room temp. at end time:     

             
No.1   Standard thermometer Calibrated thermometer  

 ID  Manufact.:  ID :   
start  
time 

Test  
point Reading Rs Correction Cs 

Ts 
=Rs+Cs 

Read 
Rc1 

Read 
Rc2 

Read 
Rc3 

Same 
Rc 

Error 
=Rc-Ts 

Correction 
=-Error  

  -20                    

  -10                    

  0                    
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  10                    

  20                    

  30                    

  40                    

  45                    
                     
No.2   

Standard thermometer 
Calibrated thermometer  

 Manufact.:  ID    

Start time Test point Reading Rs Correction Cs Ts 
=Rs+Cs 

Read 
Rc1 

Read 
Rc2 

Read 
Rc3 

Same 
Rc 

Error 
=Rc-Ts 

Correction 
=-Error  

: -20                    

: -10                    

: 0                    

: 10                    
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: 20                    

: 30                    

: 40                    

: 45                    
                     
No.3   

Standard thermometer 
Calibrated thermometer  

 Manufact.:  ID or Serial 
Number:   

Start time Test point Reading Rs Correction Cs Ts 
=Rs+Cs 

Read 
Rc1 

Read 
Rc2 

Read 
Rc3 

Same 
Rc 

Error 
=Rc-Ts 

Correction 
=-Error  

: -20                    

: -10                    

: 0                    

: 10                    

: 20                    
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: 30                    

: 40                    

: 45                    
  
 
 

                
   

No.4   
Standard thermometer 

Calibrated thermometer  

 Manufact.:  ID or Serial 
Number:   

Start time Test point Reading Rs Correction Cs Ts 
=Rs+Cs 

Read 
Rc1 

Read 
Rc2 

Read 
Rc3 

Same 
Rc 

Error 
=Rc-Ts 

Correction 
=-Error  

: -20                    

: -10                    

: 0                    

: 10                    

: 20                    
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: 30                    

: 40                    

: 45                    
                     
No.5   

Standard thermometer 
Calibrated thermometer  

) Manufact.:  ID or Serial 
Number:    

Start time Test point Reading Rs Correction Cs Ts 
=Rs+Cs 

Read 
Rc1 

Read 
Rc2 

Read 
Rc3 

Same 
Rc 

Error 
=Rc-Ts 

Correction 
=-Error  

: -20                    

: -10                    

: 0                    

: 10                    

: 20                    

: 30                    
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: 40                    

: 45                    

  2023, National Center of Hydrology and Meteorology  Version: 2023/5/24  
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ANNEXURE II 

PRESSURE CALIBRATION RECORDING SHEET 
 

NCHM Calibration Sheet for Liquid-in-Glass and/or Electric Thermometer 
 
 
 

Correction 
value 

500 600 700 800 900 1000 1050 

       

 
 
 

 Time Reading Differenc
e 

Rate  Time Reading Difference Rate 

Leakage 
check at 
1055 

    Leakage 
check at 
498 
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Calibratio
n point 

Time Standard barometer Reading of 
calibrated 
barometer 
(B) 

Differenc
e (C= B-
A) 

Average 
(C/3) 

Difference 
b/w 
adjacent 
calibration 
points 

Index 
error (D) 

Reading Correctio
n value 

Pressur
e value 
(A) 

10 min leaking check at 1055, record above 

1050       1  (1+14)/2 

      

      

1000       2  (2+13)/2 

      

      

900       3  (3+12)/2 
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800       4  (4+11)/2 

      

      

700       5  (5+10)/2 

      

      

600       6  (6+9)/2 
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500       7  (7+8)/2 

      

      

500       8  (8+7)/2 

      

      

600       9  (9+6)/2 

      

      

700       10  (10+5)/2 
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800       11  (11+4)/2 

      

      

900       12  (12+3)/2 

      

      

1000       13  (13+2)/2 
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1050         (14+2)/2 

      

      

 
 
 


