
 

 

 

 

 

 

 

OPERATIONAL MANUAL   

FOR  

METEOROLOGICAL INSTRUMENTATION 
(MSD-PR-02) 

 

 

 

JULY, 2025​
NCHM 

1 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

PREPARED CHECKED APPROVED 

TSRD Division MSD Division NCHM Management 

   

 

 

 

 

 

 

 



 

REVISION STATUS 

Version Date Chapter/Section Purpose of 
amendment 

Prepared by Revised by 

      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      
      

 



 

Preface 

Meteorology is the science that studies the atmosphere, weather, and climate, focusing on the 
processes and phenomena of the Earth's atmosphere. It is an interdisciplinary field that 
combines knowledge from physics, chemistry, geography, and environmental science to 
understand the complex interactions between atmospheric conditions and various 
environmental factors. This Meteorology instrumentation manual is designed to provide a 
comprehensive overview on installation and operation of various meteorological instruments 
for the National Centre for Hydrology and Meteorology.  

The standards for meteorological observation have been published in the various guidelines 
and manuals by the World Meteorological Organization (WMO) and Indian Standard 
Organization (ISO). The content in this manual has been adapted from the aforementioned 
international standard guidelines and manual. This manual consists of four chapters dealing 
with requirements of instruments, installation, siting criteria and Automatic Weather Station 
(AWS) hardware. 

This Manual has been prepared by the Technical Standard and Research Division. We would 
like to express our sincere gratitude to the experts who contributed their time, knowledge, and 
expertise to prepare this manual. We hope that this manual will be a useful resource for 
Engineers involved in Meteorological instrument installation and maintenance.  
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CHAPTER 1 INTRODUCTION 

1.1​ BACKGROUND 

The world's weather and climate systems are under increasing pressure due to factors such as 
population growth, economic development, and climate change, among others. The need for 
accurate weather forecasts, the dependence of various sectors such as agriculture, aviation, 
and energy on weather conditions, and the need for disaster preparedness and ecosystem 
protection all require better meteorological observation and analysis. Meteorological 
observation is a vital part of environmental monitoring and climate science. It is designed to 
meet specific needs, including those for weather forecasting, climate monitoring, and the 
study of atmospheric processes. The goal of observations of meteorological parameters is to 
collect reliable data for use in weather prediction and climate modeling, including for 
managing extreme weather events, integration into climate and environmental applications 
and services, and for research. 

The national meteorological network consists of 20 Class A stations, 62 Class C stations and 
85 Automatic Weather Stations. There are also snow monitoring sensors that operates parallel 
with some of the weather stations. Depending on the parameters observed and data 
transmision method, the meteorological stations in Bhutan are broadly classified into the 
following catagories; 

a)​ Automatic Weather Stations (AWS)- These are automatic stations where the observed 
meteorological data are sensed, recorded and transmitted to the central database 
automatically.  

b)​ Agrometeorological Stations (Class A)- These are agrometeorological stations 
observing agro-related parameters like soil temperature, moisture, evaporation rate, 
wind direction and speed, relative humidity, sunshine duration and rainfall are 
observed. The readings are taken at 09:00hrs and 15:00hrs each day by the field staff. 
The compiled data is sent to Headquarters for archival. 

Climatological Stations (Class C)- These are Climatological stations where only the basic 
meteorological parameters like air temperature (max and min temperature), dry and wet 
temperature and rainfall is observed and is operated for long time climate analysis. The 
readings are taken at 09:00 hrs every day the part time observer. In addition, few stations 
located at high altitude also take snow depth and snow incidence measurement.  

This Meteorological Instrumentation Manual provides guidance on the selection, installation, 
operation, and maintenance of meteorological instruments used for collection of climate data 
from the field. This helps to ensure that the data collected is accurate and reliable, which is 
essential for many applications, including water resource management and disaster risk 
reduction in Bhutan. 
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1.2​ DOCUMENT TITLE 

This document is identified as Meteorological Instrumentation Operational Manual, 
MSD-PR-02 prepared and maintained by Technical Standard and Research Division, 
National Centre for Hydrology and Meteorology.  

1.3​ RESPONSIBILITY 

In preparation of this manual, care has been taken to ensure that the information contained 
herein is accurate, reliable and complete. However, suggestions for improvements or 
comments concerning apparent errors or omissions should be forwarded in writing to the 
Management, NCHM. 

The Management team shall comprise; 

1)​ Director, NCHM 
2)​ HWRSD, Chief 
3)​ CSD, Chief 
4)​ MSD, Chief 
5)​ TSRD, Chief 

Holders of hard-copies of this Manual are responsible for ensuring that the Manual is kept up 
to date. This includes inserting new chapters or chapter amendments in a timely manner and 
complying with any instructions on amendment advice.  

 

1.4​ OBJECTIVE​  

The objective of the hydrological instrumentation manual are: 

1)​ To provide guidance on the proper site selection and instrument installation for 
meteorological monitoring. This ensures the meteorological data collected with the 
use of these instruments is accurate, reliable, and consistent.  

2)​ To ensure the instruments are installed and operated safely and effectively, thereby 
reducing the risk of equipment damage. 

3)​ To provide maintenance and troubleshooting reference materials for the 
instrumentation official.  
 

1.5​ SCOPE 

This manual covers the site stations network design including types of station and proper site 
selection criteria, and instrumentation guidance for various instruments used by NCHM to 
monitor climate. 



 

CHAPTER 2​ ​

  GENERAL REQUIREMENTS OF INSTRUMENTS 

2.1​ DESIRABLE CHARACTERISTICS 

The most important requirements for meteorological instruments are the following: 

a)      Uncertainty, according to the stated requirement for the particular variable; 
b)      Reliability and stability; 
c)      Convenience of operation, calibration and maintenance; 
d)      Simplicity of design which is consistent with requirements; 
e)      Durability; 
f)       Acceptable cost of instrument, consumables and spare parts; 
g)      Safe for staff and the environment. 

With regard to the first two requirements, it is important that an instrument should be able to 
maintain a known uncertainty over a long period. This is much better than having a high level 
of initial confidence (meaning low uncertainty) that cannot be retained for long under 
operating conditions. 

Initial calibrations of instruments will, in general, reveal departures from the ideal output, 
necessitating corrections to observed data during normal operations. It is important that the 
corrections should be retained with the instruments at the observing site and that clear 
guidance be given to observers for their use. 

Simplicity, strength of construction, and convenience of operation and maintenance are 
important since most meteorological instruments are in continuous use year in, year out, and 
may be located far away from good repair facilities. Robust construction is especially 
desirable for instruments that are wholly or partially exposed to the weather. Adherence to 
such characteristics will often reduce the overall cost of providing good observations, 
outweighing the initial cost. 

 

2.2​ CHARACTERISTICS OF INSTRUMENTS 

Some other properties of instruments which must be understood when considering their 
uncertainty are taken from JCGM (2012). 

Sensitivity: Quotient of the change in an indication of a measuring system and the 
corresponding change in a value of a quantity being measured. 

Discrimination threshold: The largest change in a value of a quantity being measured that 
causes no detectable change in the corresponding indication. 
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Resolution: The smallest change in a quantity being measured that causes a perceptible 
change in the corresponding indication. 

Hysteresis: The property of a measuring instrument whereby its response to a given stimulus 
depends on the sequence of preceding stimuli. 

Stability (of an instrument): The property of a measuring instrument whereby its metrological 
properties remain constant in time. 

Drift: A continuous or incremental change over time in indication due to changes in 
metrological properties of a measuring instrument. 

Step response time: The duration between the instant when an input quantity value of a 
measuring instrument or measuring system is subjected to an abrupt change between two 
specified constant quantity values and the instant when a corresponding indication settles 
within specified limits around its final steady value. 

Lag error: The error that a set of measurements may possess due to the finite response time of 
the observing instrument. 
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CHAPTER 3​ ​

  SITING AND EXPOSURE 

3.1​ SITE SELECTION 

Meteorological observing stations are designed so that representative measurements (or 
observations) can be taken according to the type of station involved. Thus, a station in the 
synoptic network should make observations to meet synoptic-scale requirements. Where 
stations are used for several purposes, for example, aviation, synoptic and climatological 
purposes, the most stringent requirement will dictate the precise location of an observing site 
and its associated sensors. A detailed study on siting and exposure is published in WMO 
(1993). 

As an example, the following considerations apply to the selection of site and instrument 
exposure requirements for a typical synoptic or climatological station in a regional or national 
network: 

1)​ Outdoor instruments should be installed on a level piece of ground, preferably no 
smaller than 25 m x 25 m where there are many installations, but in cases where there 
are relatively few installations (as in Figure 1.1) the area may be considerably smaller, 
for example, 10 m x 7 m (the enclosure). The ground should be covered with short 
grass or a surface representative of the locality, and surrounded by open fencing or 
palings to exclude unauthorized persons. Within the enclosure, a bare patch of ground 
of about 2 m x 2 m is reserved for observations of the state of the ground and of soil 
temperature at depths of equal to or less than 20 cm. An example of the layout of such 
a station is given in Figure 1.1 (taken from WMO, 2010c); 



 

 

Figure 1: Layout of an observing station in the northern hemisphere showing 
minimum distances between installations 

2)​ There should be no steeply sloping ground in the vicinity, and the site should not be in 
a hollow. If these conditions are not met, the observations may show peculiarities of 
entirely local significance; 

3)​ The site should be well away from trees, buildings, walls or other obstructions. The 
distance of any such obstacle (including fencing) from the raingauge should not be 
less than twice the height of the object above the rim of the gauge, and preferably four 
times the height; 

4)​ The sunshine recorder, raingauge and anemometer must be exposed according to their 
requirements, preferably on the same site as the other instruments; 

5)​ It should be noted that the enclosure may not be the best place from which to estimate 
the wind speed and direction; another observing point, more exposed to the wind, may 
be desirable; 

6)​ Very open sites which are satisfactory for most instruments are unsuitable for 
raingauges. For such sites, the rainfall catch is reduced in conditions other than light 
winds and some degree of shelter is needed; 
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7)​ If in the instrument enclosure surroundings, maybe at some distance, objects like trees 
or buildings obstruct the horizon significantly, alternative viewpoints should be 
selected for observations of sunshine or radiation; 

8)​ The position used for observing cloud and visibility should be as open as possible and 
command the widest possible view of the sky and the surrounding country; 

 

3.2​ COORDINATES OF THE STATION 

The position of a station referred to in the World Geodetic System 1984 (WGS-84) and its 
Earth Geodetic Model 1996 (EGM96) must be accurately known and recorded. The 
coordinates of a station are (as required by WMO, 2010c): 

a)      The latitude in degrees, minutes and integer seconds; 
b)      The longitude in degrees, minutes and integer seconds; 
c)    The height of the station above mean sea level,4 namely, the elevation of the 
station, in metres (up to two decimals). 

The elevation of the station is defined as the height above mean sea level of the ground on 
which the raingauge stands or, if there is no raingauge, the ground beneath the thermometer 
screen. If there is neither raingauge nor screen, it is the average level of terrain in the vicinity 
of the station. If the station reports pressure, the elevation to which the station pressure relates 
must be separately specified. It is the datum level to which barometric reports at the station 
refer; such barometric values being termed “station pressure” and understood to refer to the 
given level for the purpose of maintaining continuity in the pressure records (WMO, 2010). 

 

3.3​ CHANGES OF INSTRUMENTATION AND HOMOGENEITY 

The characteristics of an observing site will generally change over time, for example, through 
the growth of trees or erection of buildings on adjacent plots. Sites should be chosen to 
minimize these effects, if possible. Documentation of the geography of the site and its 
exposure should be kept and regularly updated as a component of the metadata. 

It is especially important to minimize the effects of changes of instrument and/or changes in 
the siting of specific instruments. Although the static characteristics of new instruments 
might be well understood, when they are deployed operationally they can introduce apparent 
changes in site climatology. In order to guard against this eventuality, observations from new 
instruments should be compared over an extended interval (at least one year; see the Guide to 
Climatological Practices (WMO, 2011) before the old measurement system is taken out of 
service. The same applies when there has been a change of site. Where this procedure is 
impractical at all sites, it is essential to carry out comparisons at selected representative sites 
to attempt to deduce changes in measurement data which might be a result of changing 
technology or enforced site changes. 



 

3.4​ INSPECTION AND MAINTENANCE 

3.4.1​ Inspection of Stations 

All synoptic land stations and principal climatological stations should be inspected no less 
than once every two years. Agricultural meteorological and special stations should be 
inspected at intervals sufficiently short to ensure the maintenance of a high standard of 
observations and the correct functioning of instruments. 

The principal objective of such inspections is to ascertain that: 

a)      The siting and exposure of instruments are known, acceptable and adequately 
documented; 
b)      Instruments are of the approved type, in good order, and regularly verified 
against standards, as necessary; 
c)      There is uniformity in the methods of observation and the procedures for 
calculating derived quantities from the observations; 
d)      The observers are competent to carry out their duties; 
e)    The metadata information is up to date. 
 

3.4.2​ Maintenance 

Observing sites and instruments should be maintained regularly so that the quality of 
observations does not deteriorate significantly between station inspections. Routine 
(preventive) maintenance schedules include regular “housekeeping” at observing sites (for 
example, grass cutting and cleaning of exposed instrument surfaces) and manufacturers’ 
recommended checks on automatic instruments. Routine quality control checks carried out at 
the station or at a central point should be designed to detect equipment faults at the earliest 
possible stage. Depending on the nature of the fault and the type of station, corrective 
maintenance (instrument replacement or repair) should be conducted according to agreed 
priorities and timescales. As part of the metadata, it is especially important that a log be kept 
of instrument faults, exposure changes, and remedial action taken where data are used for 
climatological purposes. Further information on station inspection and management can be 
found in WMO (2010). 
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CHAPTER 4​ ​

  SITING CRITERIA FOR SURFACE OBSERVING STATIONS 

The environmental conditions of a site may influence measurement results. These conditions 
must be carefully analysed, in addition to assessing characteristics of the instrument itself, so 
as to avoid distorting the measurement results and affecting their representativeness, 
particularly when a site is supposed to be representative of a large area. 

 

4.1​ AIR TEMPERATURE AND HUMIDITY 

Sensors situated inside a screen should be mounted at a height determined by the 
meteorological service (within 1.25 to 2 m as indicated in the WMO Guide to Meteorological 
Instruments and Methods of Observation (WMO-No. 8)). The height should never be less 
than 1.25 m. The respect of the higher limit is less stringent, as the temperature gradient 
versus height is decreasing with height. For example, the difference in temperature for 
sensors located between 1.5 and 2 m is less than 0.2 °C. 

The main discrepancies are caused by unnatural surfaces and shading: 

a)​ Obstacles around the screen influence the irradiative balance of the screen. A screen 
close to a vertical obstacle may be shaded from the solar radiation or “protected” 
against the night radiative cooling of the air, by receiving the warmer infrared 
radiation from this obstacle or influenced by reflected radiation; 

b)​ Neighbouring artificial surfaces may heat the air and should be avoided. The extent of 
their influence depends on the wind conditions, as wind affects the extent of air 
exchange. Unnatural or artificial surfaces to take into account are heat sources, 
reflective surfaces (for example buildings, concrete surfaces, car parks) and water or 
moisture sources (for example, ponds, lakes, irrigated areas). 

Shading by nearby obstacles should be avoided. Shading due to natural relief is not taken into 
account for the classification. 

 

Following criteria is recommended during the installation: 

a)​ Flat, horizontal land, surrounded by an open space, slope less than ⅓ (19°); 
b)​ Ground covered with natural and low vegetation (< 10 cm) representative of the 

region; 
c)​ Measurement point situated: 

i)​ At more than 100 m from heat sources or reflective surfaces (buildings, 
concrete surfaces, car parks, etc.); 

ii)​ At more than 100 m from an expanse of water (unless significant of the 
region); 



 

iii)​ Away from all projected shade when the sun is higher than 5°. 

A source of heat (or expanse of water) is considered to have an impact if it occupies more 
than 10% of the surface within a circular radius of 100 m surrounding the screen, makes up 
5% of an annulus of 10–30 m, or covers 1% of a 10 m radius area. 

 

Figure 2: Criteria for air temperature and humidity sensors 

 

4.2​ PRECIPITATION 

Wind is the greatest source of disturbance in precipitation measurements, due to the effect of 
the instrument on the airflow. Unless raingauges are artificially protected against wind, for 
instance by a wind shield, the best sites are often found in clearings within forests or 
orchards, among trees, in scrub or shrub forests, or where other objects act as an effective 
windbreak for winds from all directions. Ideal conditions for the installation are those where 
equipment is set up in an area surrounded uniformly by obstacles of uniform height. An 
obstacle is an object with an effective angular width of 10° or more. 

The choice of such a site is not compatible with constraints in respect of the height of other 
measuring equipment. Such conditions are practically unrealistic. If obstacles are not 
uniform, they are prone to generate turbulence, which distorts measurements; this effect is 
more pronounced for solid precipitation. This is the reason why more realistic rules of 
elevation impose a certain distance from any obstacles. The orientation of such obstacles with 
respect to prevailing wind direction is deliberately not taken into account. Indeed, heavy 
precipitation is often associated with convective factors, whereby the wind direction is not 
necessarily that of the prevailing wind. Obstacles are considered of uniform height if the ratio 
between the highest and lowest height is less than 2. 

Following criteria is recommended during the installation: 

a)​ Flat, horizontal land, surrounded by an open area, slope less than ⅓ (19°). The 
raingauge shall be surrounded by low obstacles of uniform height, that is subtending 
elevation angles between 14° and 26° (obstacles at a distance between 2 and 4 times 
their height); 
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b)​ Flat, horizontal land, surrounded by an open area, slope less than ⅓ (19°). For a 
raingauge artificially protected against wind, the instrument does not necessarily need 
to be protected by obstacles of uniform height. In this case, any other obstacles must 
be situated at a distance of at least 4 times their height. 

 

 

Figure 3: Criteria for precipitation sensor installation 

 

4.3​ SURFACE WIND 

Conventional elevation rules stipulate that sensors should be placed 10 m above ground 
surface level and on open ground. Open ground here represents a surface where obstacles are 
situated at a minimum distance equal to at least 10 times their height. 

Wind measurements are disturbed not only by surrounding obstacles; terrain roughness also 
plays a role. WMO defines wind blowing at a geometrical height of 10 m and with a 
roughness length of 0.03 m as the surface wind for land stations. This is regarded as a 
reference wind for which exact conditions are known (10 m height and roughness length of 
0.03 m). 

The presence of obstacles, including vegetation, (almost invariably) means a reduction in 
average wind readings, but less significantly affects wind gusts. Where numerous obstacles 
higher than 2 m are present, it is recommended that sensors be placed 10 m above the average 
height of the obstacles. This method allows the influence of the adjacent obstacles to be 
minimized. This method represents a permanent solution for partly eliminating the influence 
of certain obstacles. It inconveniently imposes the necessity for higher masts that are not 
standard and consequently are more expensive. It must be considered for certain sites and 
where used, the height of obstacles to be taken into account is that above the level situated 10 
m below the sensors (e.g. for an anemometer installed at a 13 m height, the reference 



 

“ground” level of the obstacles is at a 3 m height; an obstacle of 7 m is considered to have an 
effective height of 4 m).  

In the following, an object is considered to be an obstacle if its effective angular width is over 
10°. Tall, thin obstacles, that is with an effective angular width less than 10° and a height 
greater than 8 m, also need to be taken into account when considering class 1 to 3, as 
mentioned below. Under some circumstances, a cluster of tall, thin obstacles will have a 
similar effect to a single wider obstacle and will need to be considered as such. 

Changes of altitude (positive or negative) in the landscape which are not representative of the 
landscape are considered as obstacles. 

Following criteria is recommended during the installation: 

a)​ The mast should be located at a distance equal to at least 30 times the height of 
surrounding obstacles 

b)​ Sensors should be situated at a minimum distance of 15 times the width of thin 
obstacles (mast, thin tree) higher than 8 m; 

c)​ Single obstacles lower than 4 m can be ignored. 
d)​ Roughness class index is less than or equal to 4 (roughness length ≤ 0.1 m). 

 

Figure 4: Criteria for Wind sensors 
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4.4​ GLOBAL RADIATION 

Close obstacles have to be avoided. Shading due to the natural relief is not taken into account 
for the classification. Non-reflecting obstacles below the visible horizon can be neglected. 

An obstacle is considered as reflecting if its albedo is greater than 0.5. The reference position 
for elevation angles is the sensitive element of the instrument.  

Following criteria is recommended during the installation: 

a)​ No shade projected onto the sensor when the sun is at an angular height of over 5°. 
For regions with latitude ≥ 60°, this limit is decreased to 3°; 

b)​ No non-shading reflecting obstacles with an angular height above 5° and a total 
angular width above 10°. 

 

Figure 5: Criteria for Global Radiation Sensor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER 5​ ​

  AWS HARDWARE 

5.1​ GENERAL 

The layout of an AWS typically consists of the following: 

a)​ On a standard observing area (see Volume I, Chapter 1 of the present Guide and 
WMO, 2010), a series of automated instruments sited at the recommended positions 
and interconnected to one or more data collection units using interfaces sited to avoid 
interference with one another and connected to a central processing unit (CPU) by 
means of shielded cables, fibre optics, or radio links; 

b)​ A CPU for instrument data acquisition and conversion into a computer-readable 
format, proper processing of data by means of a microprocessor-based system in 
accordance with specified algorithms, the temporary storage of processed data and 
their transmission to remote users of meteorological information;  

c)​ A modem or an interface to the telecommunication network used for the transmission 
of data towards a central system; 

d)​ A stabilized power supply providing power to the various parts of the station; 
e)​ For specific applications further additions to the station may include local terminals 

for the manual entry and editing of data, display devices and printers, and recorders. 

 

5.2​ CENTRAL PROCESSING UNIT 

The core of an AWS is its CPU. Its hardware configuration depends on the complexity and 
magnitude of the functions it has to perform. In general, the main functions of the CPU are 
the acquisition, processing, storage and transmission of data. 

The data-processing hardware is the heart of the CPU. Its main functions are to act as the 
master control of the input/output of data to and from the CPU, and to carry out the proper 
processing of all incoming data by means of the relevant software. 

The CPU of an AWS needs a 24-hour real-time clock powered by a battery, which ensures 
that the time is kept even during power outages. Ensuring the accuracy of actual AWS clocks 
requires special attention to ensure correct read-outs, sample intervals and time stamps. A 
clock stability better than one second over a 24-hour period is recommended and achievable. 
The real-time clock should also be synchronized either with the GPS signals or by a central 
reference clock, available through the telecommunication network (such as a time server over 
the Internet). 
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5.3​ SENSING INSTRUMENT INTERFACE 

In general, the data-acquisition hardware is composed of: 

a)​ Signal-conditioning hardware for preventing unwanted external sources of 
interference from influencing the raw instrument signals, for protecting the CPU 
electronics and for adapting signals to make them suitable for further data processing; 

b)​ Data-acquisition electronics with analogue and digital input channels and ports, 
scanning equipment and data-conversion equipment to enter the signals into the CPU 
memory. 

To accommodate the different types of meteorological instruments, the hardware for this 
function is composed of different types of input/output channels, covering the possible 
electrical output characteristics of sensors or signal-conditioning modules. The total number 
of channels of each type depends on the output characteristics of the instruments and is 
determined by the type of application. 

 

5.4​ CABLE CONNECTION AND SURGE PROTECTION 

Cables and a mechanical connecting system are necessary for connecting the instruments to 
the data-acquisition electronics. The cables may be connected directly to the data-acquisition 
system via a terminal strip, with screwed, soldered or self-locking connections. Packing 
glands are often used to cross the enclosure box of the AWS. Another solution is to use a pair 
of connectors, one of which is fixed on the enclosure box (and connected to the electronics). 
The advantage is the possibility to easily unlock an instrument and its cable for replacement. 
The type of connection and the location of possible connectors should be selected to facilitate 
the field operations, bearing in mind the expected periodicity of the instrument’s replacement 
(for example, for regular calibration). 

Electrical signals from the instruments entering a data-acquisition system might include 
unwanted noise. Whether this noise is troublesome depends upon the signal-to-noise ratio and 
the specific application. Digital signals are relatively immune to noise because of their 
discrete (and high-level) nature. In contrast, analogue signals are directly influenced by 
disturbances at a relatively low level. The major noise-transfer mechanisms include 
capacitive and inductive coupling. A method of reducing errors due to capacitive coupling is 
to employ shielded cables. The additional use of a pair of wires that are entwined is effective 
in reducing electromagnetic coupling. 

When an AWS could be subject to unintentional high-voltage inputs, the installation of a 
protection mechanism is indispensable to avoid possible destruction of the equipment. 
High-voltage input can be induced from magnetic fields, static electricity and particularly 
from lightning. Protection modules against surge should be easily replaceable. They are often 
a one-shot protection, therefore their status should be easily testable, the best solution being a 
visual mark of their status. A basic rule for good surge protection is to ensure an equipotential 
bonding of the different electrical masses of the system, including the shield of the cables. 



 

Ground connections should be kept as short as possible to facilitate the path of high-voltage 
spikes through these connections rather than through the electronics. The ground of the AWS 
and its peripherals (including instruments) must be connected to the ground network of the 
site (if available). If not available, a local grounding electrode and associated buried 
grounding network must be installed to offer the best path to current surges. 

 

5.5​ POWER SUPPLY 

The design and capability of an AWS depend critically on the method used to power it. The 
most important characteristics of an AWS power supply are high stability and 
interference-free operation. For safety reasons, and because of the widespread use and 
common availability of 12 V batteries, consideration should be given to the use of 12 V direct 
current power supply. Where mains power is available, the batteries could be float charged 
from the mains supply. Such a system provides the advantage of automatic backup power in 
the event of a mains power failure. The capacity of the buffer batteries depends on the mean 
power consumption of the system (AWS plus instruments, including heating plus modem) 
and the accepted duration of mains power interruption. Automatic weather stations deployed 
at remote sites where no mains power is available must rely on batteries nearly always 
sourced by solar cells or other power sources such as a diesel or wind- or water-driven 
generator.  

It is important the system be designed to measure and report the status of the power supply, 
for example battery voltage, charging current delivered by solar panels and presence or 
absence of the mains power. These status parameters should be transmitted to the central 
system to optimize the maintenance operations and to alert the maintenance staff of any 
problem.  

 

5.6​ ENCLOSURE PROTECTION 

The electronics part of an AWS has to be protected from the outside atmosphere, unless it is 
installed within a building. A protective box is highly recommended. It should be large 
enough to allow easy access to the internal equipment, unless the system is designed for 
replacing the whole equipment, including protective box, in case of failure. 

The protection against water and condensation should be assured by one of the two following 
techniques: 

a)​ The protective box is completely sealed and not designed to be opened in the field. It 
should then include an internal bag of hygroscopic salts. 

b)​ The protective box is aerated with gills that are additionally protected to prevent 
insects entering. The box should be designed to avoid the entry of water when 
opening its door. 



                                 ​     

The material should be chosen to avoid corrosion, especially if the site is close to the sea. A 
metallic box helps in protecting the electronics against surge. 

 

5.7​ INSTALLATION STRUCTURE 

When installed outside, the AWS box(es), the instruments and the terminal distribution of the 
mains power or the solar panels have to be installed on the supporting structure. The 
installation structure must not be neglected as it can be expensive. It is good practice to 
define standard accessories for the installation of an AWS and its components. Supporting 
structures may be proposed by the AWS’s manufacturer.  

A concrete base may be necessary. An alternative may be the use of metallic ground screws, 
designed to support pylons, fences, and the like. 

The need for a local earth electrode and buried earth network must be considered. 

Depending on the location of the station and the surrounding risks (for example, animals and 
humans), fencing of the observing area may be necessary. 



 

ABBREVIATIONS AND ACRONYMS 

AWS – Automatic Weather Station 

CSD - Cryosphere Service Division 

DBMS - Database Management System 

GPS - Global Positioning System 

HWRSD – Hydrology and Water Resources Service Division 

ISO – Indian Organization for Standardization 

MSD - Metoerological Service Division 

NCHM – National Centre for Hydrology and Meteorology 

RGoB - Royal Government of Bhutan 

TSRD – Technical Standard and Research Division 

USGS - United State Geological Survey 

WMO - World Meteorological Organization 
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