Air Temperature and RH Sensors: What You Need to Know

by Bart Nef | Updated: 05/17/2017

Although air temperature and relative humidity (RH) sensors provide the benefit of an economical means to collect
measurement data for two parameters, there are some issues related to these sensors that you should be aware of. In
this article, I’ll provide some background on air temp/RH sensors, discuss the tradeoff of going from all-analog to
digital sensors, highlight issues related to the filter material, and offer some tips for selecting a sensor.

Some Background on Air Temp/RH Sensors

While solar, rain, and wind speed sensors are designed from the ground up to survive well in environmental
applications, the same has not been true of air temperature and relative humidity sensors. The core elements of air
temp/RH sensors simply aren’t designed specifically for meteorological applications. Rather, manufacturers have
traditionally designed the RH elements for larger-market industries, such as automotive, HVAC, and environmental
chambers (pharmaceuticals, clean rooms, etc.)

At Campbell Scientific, we have been faced with the challenge of delivering air temp/RH sensors that meet our
users’ specific environmental needs. The challenge has been to research the sensors that manufacturers are offering,
find the sensor with the best and most compatible specifications, test the sensor in-house and in the field, and—if it
survives—consider adding it to our list of product offerings. (Our newest air temp/RH sensor, the EE181, went
through field testing in some extreme locations including the mountains of Bolivia, volcanic and coastal regions of
Hawaii, coastal areas of New Zealand, glacial fields in the Andes, and the Eastern Seaboard of North America.)

Typically, we end up going back to EVERY manufacturer of air temp/RH sensors that we’ve worked with to help
them improve their product so that it will work well in environmental applications. Even though these manufacturers
may claim that their sensors are designed for environmental applications, their sensors were not specifically
designed to be left outside, exposed to the elements, for long periods. We usually find one or more flaws that the
manufacturers missed. This has been true even of high-end sensors.

Generally, we have found that the sensors that provide excellent accuracy and resolution were never designed to
survive being placed outside for long periods and usually require a considerable amount of power to operate. Our
challenge has been to find air temp/RH sensors that meet these requirements:

Provide the field performance we require

Have low-power needs

Aren’t exorbitantly priced

Have an analog voltage output that meets the range of our dataloggers
Don’t require being sent in for calibration (when possible)

Don’t have cable cracking issues, or body corrosion and flaking issues
Survive the elements

Fortunately, we have been able to work with manufacturers to address our concerns and make sensor improvements
over time, as is the case with the HMP60. The HMP60 originally had a chrome-plated aluminum body. Over time
the chrome plating would turn green and flake off. The problem was purely cosmetic, but it was a nuisance. Vaisala
eventually changed the body to marine-grade 316L stainless steel. The body no longer turns green or flakes, and our
customers are happy.

The Analog/Digital Tradeoff

Older, all-analog sensors, such as the HMP35C, had no analog-to-digital (A/D) conversion circuitry. These sensors
were somewhat difficult to calibrate, but they performed really well and were very stable.
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All new air temp/RH sensors use some type of A/D conversion, which complicates matters when you use these new
sensors with older dataloggers that need an analog voltage output. This is because the sensor then must make an
additional digital-to-analog (D/A) conversion. Thus, you must rely on the manufacturer to do several things: a great
job of the initial A/D conversion, a great job of the D/A conversion so the datalogger can read it, AND the
performance of all of this over the temperature range of the sensor itself.

This is where we have had the most issues with the newer all-digital air temp/RH sensors. Our experience has been
that the manufacturer claims one thing, and we see something else or the sensor doesn’t hold its calibration over
time when placed in the very real and messy analog world. By adding in the D/A conversion to get an analog
voltage output, there’s one more uncertainty thrown into the mix.

The benefit of digital sensors is that they’re usually very easy to calibrate. The “magic” is in the proprietary RH
element and measurement algorithm used by the manufacturer. Most manufacturers are actually making a lot of
really fast measurements in the background and outputting an average over time.

Newer Campbell Scientific dataloggers can read digital-output-type sensors just fine, but the programming can be
tricky—except for SDI-12 output, which is what the CS215 uses. The advantage to reading a digital sensor directly
is that it takes one step—the D/A process—out of the picture. We have had to integrate digital output sensors from
several different manufacturers to our dataloggers when required.

Filter Material Issues

Any air temp/RH sensor deployed out in the field has to use some type of filter material around the RH chip to
protect it from major dust, pollutants, and water. This creates a number of problems:

e The filter material used by most manufacturers passes water vapor very well, but the same is not true for
temperature. If you’ve ever made very fast measurements using an air temp/RH sensor, you will notice the
humidity changing much quicker than the temperature. It can take as long as 10 to 20 minutes for some
sensors to equilibrate. This isn’t usually the fault of the sensor but the filter media. At very low wind
speeds, the delay can be even longer.

e If condensation or water soaks the filter material, it will take time for the filter material to dry out. You will
not know how long this process will take, as the process is highly dependent on wind speed and actual
humidity of the surrounding environment. In the meantime, while you’re waiting for the filter material to
dry out, the measurements are skewed.

o  Filters are great at trapping pollutants and salts; however, depending on the filter material used, a
microclimate can be created over time, which will skew the measurements. Microclimates may also be
created by a dirty multi-plate or aspirated shield used around an air temp/RH sensor. You can expect to
replace or clean the filter elements and shields on a frequent basis. Sensors will need to be visually
inspected to determine how often this will need to be done.

e Condensation on the RH element will speed its degradation and drifting. This was a problem with older
sensors. Some newer sensors that we’ve worked with use a proprietary coating on the RH element that
protects it and increases the life of the element without degrading performance. An environment with
consistently higher humidity, such as coastal or rain forest, will require the sensor to be calibrated or have
its RH chip replaced on a more frequent interval. This could be as often as every six months to a year.

e More manufacturers have introduced heated temp/RH sensors to get around condensation issues. The idea
is that a separate temperature probe measures air temperature while the RH element that has its own
temperature sensor is kept at a specific temperature above dew point. The sensor takes the measured
humidity value at its temperature and translates that value to the correct humidity for the air temperature
value. These sensors require a bit more power to operate. Campbell Scientific does not presently carry a
model of this type, but we have had to integrate them.
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e The RH sensor material is sensitive to pollution. The type of pollution that degrades or destroys a particular
RH sensing element is usually unique to the manufacturer. As a rule of thumb, petrochemical exposure is
bad. Very few temp/RH sensors will survive well around a refinery. The same is true for ammonia (animal
or human waste) and hydrogen sulfide or sulphur dioxide.

You may notice that most of the issues listed above are not applicable for sensors used in an HVAC or
environmental chamber environment. Deploying these sensors for extended periods in meteorological applications,
however, is another story. This is why we try to be very thorough in the testing we do here and verify for ourselves
the claims made by manufacturers.

Tips for Selecting an Air Temp/RH Sensor

Caveat: I am a firm believer in “you get what you pay for.”

The following are some considerations when you are selecting an air temp/RH sensor.
What is your budget?

Lower-cost sensors will not have the resolution or accuracy of high-end sensors. But usually the lower-cost sensors
perform great in the field, don’t require calibration (the RH element is field-replaceable), and meet or exceed the
accuracy and resolution that are required of them.

What are the resolution and performance specifications?

The truth is that making a relative humidity measurement is tough. Water in its vapor phase is a shifty molecule and
completely non-linear in its behavior across temperature. Water’s behavior changes again when the temperature is
below its freezing point. Every sensor on the market will have a tough challenge, with a corresponding high
uncertainty, when trying to measure a 90% and greater humidity value. A tougher challenge is to measure relative
humidity at below-freezing conditions.

What accuracy do you really need?

Go through the sensor’s specifications, and check the response time with the filter. Ask questions. Keep in mind that
as soon as that sensor is put inside a naturally aspirated, multi-plate shield, the temperature specifications may have
just been skewed. In direct sunlight on a warm day with very little wind, the temperature inside the shield could be
anywhere from 0.5° to 1.5°C higher than the actual ambient temperature.

How do you want to handle RH drifting?

All capacitive-type RH chips will drift. Over time the RH element will craze (produce a network of surface cracks),
and the RH will drift up and out of specification.

Can you interrupt your measurement data collection to send your sensor in for calibration? You will have to do this
for the higher-end sensors. In some cases, you can swap the head of the sensor out in the field with a calibrated one.

Would you rather walk out to your site and replace the RH chip? You won’t ever be able to do this for high-end
sensors. You just can’t get high-end performance out of a field-replaceable chip.

Which datalogger are you using?

Always check the compatibility of the datalogger that you would like to use with the sensor.



What are the environmental conditions?

For example, does the location for the sensor have consistently high humidity? Is there a lot of blowing dust? What
about freezing rain, riming, or horizontal snow?

It is important to understand the environment where the sensor will be located.

e High-humidity locations will require more frequent visits to either swap out the sensor or replace the RH
chip, depending on sensor type.

e Blowing dust brings its own set of concerns. Dust accumulation on a fan-aspirated or multi-plate shield will
skew the temperature on bright, sunny days. Dust will clog the filter material.

e The sensor measurements will be off after a multi-plate or fan-aspirated shield is covered with ice or

packed with snow. At this point, the sensor is measuring the environment inside the shield and NOT the
outside.

Don’t forget the shield!

Even with all the concerns of using a shield with the sensor, the shield still must be used. Outdoor applications
require that the sensor be put into some type of shield to protect the sensor from direct solar thermal loading, direct

rain/snow, and blowing debris. Use a shield if the sensor is used indoors in extremely dusty environments. The
shield will provide some protection.



