Heat Index Analysis and Simulations of Select areas in lowa,
United States

ABSTRACT

Heat is the primary cause of weather-related illnesses in the United States. Often,t is not just
the heat but the combination of heat and humidity. The Heat Index reflects what the
temperature feels like to the human body when relative humidity is factored in with air
temperature, influencing the body's comfort level at any given time. Extreme heat indices lead
to significant discomfort and health issues. This research aims to analyze the heat index in
selected areas of lowa. For this project, a DHT11 sensor, which measures temperature and
humidity, was connected to an Arduino Uno board. The temperature sensor offers a 16-bit
resolution with an accuracy of +/- 2°C and a repeatability of +/- 1°C. The humidity sensor has an
accuracy of +/- 5% RH at 25°C and a repeatability of +/- 1% RH. During the experiment on the
Arduino Uno, the heat index averaged 72.5°F at room temperature in lowa city, which is
considered safe. Room temperature was also recorded using the TMP36 temperature sensor.
Additionally, data from the lowa Environmental Mesonet (IEM) was processed in real-time to
analyze the Heat Index for Des Moines, lowa. The code incorporated Ip widgets, which allowed
for the simulation of random heat indices for any location.
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INTRODUCTION

High heat during the summer months particularly impacts outdoor workers, such as
construction workers and farmers (1). Prolonged exposure to extreme heat poses significant
health risks to vulnerable populations, including heat cramps, heat stress, heat stroke, and heat
exhaustion, which can sometimes lead to death (2). Extreme heat events are influenced by both
temperature and relative humidity. Temperature measures the warmth or coldness of a body or
object, while relative humidity indicates the amount of moisture in the air relative:to the
maximum amount the air can hold at a specific temperature. It is expressed as-a percentage. For
instance, a relative humidity of 50% means the air contains half of the moisture it can hold at
that temperature (3).

The heat index, or apparent temperature, represents how the temperature feels to the human
body when relative humidity is factored in with the air temperature (4). This is crucial for
understanding the body's comfort level (5). When the body becomes too hot; it starts to sweat
to cool down. If the sweat cannot evaporate, the body loses its ability to regulate its
temperature. Evaporation is a cooling process; when sweat evaporates from the body, it helps
lower the body temperature. However, if the atmospheric moisture content (relative humidity)
is high, the rate of evaporation decreases. In otherwords, the human body feels warmer in
humid conditions. The opposite occurs when relative humidity decreases, as the rate of
perspiration increases. These processes, in combination with temperature, contribute to the
heat index (6).

There is a direct correlation between air temperature, relative humidity, and the heat index. As
both air temperature and relative humidity increase, the heat index also rises. Conversely, when
either temperature or relative humidity decreases, the heat index also decreases (7).
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Figure 1: Heat Index Chart (weather.gov)

To read the heat index using Figure 1, you need to know the air temperature and relative
humidity. For example, if the air temperature is 90°F and the relative humidity is 70%, the heat
index will be 105°F. The heat index values in Figure 1 are for shaded areas; if you are exposed to
direct sunlight, the heat index can increase by as much as 15°F (6).

Classification Heat Index Effect on the body

Caution 80°F - 90°F Fatigue possible with prolonged exposure and/or physical activity
Extreme 90°F - Heat stroke, heat cramps, or heat exhaustion possible with
Caution 103°F prolonged exposure and/or physical activity

Figure 2: Heat Index Classifications (Weather.gov)

Heat indices reaching or exceeding 105°F can result in hazardous heat-related disorders with
prolonged exposure and/or physical activity in the heat (8).

The lowa Environmental Mesonet (IEM) gathers environmental data, including temperature,
relative humidity, soil moisture, and solar radiation, from collaborating members with
observation networks. This data is stored and made accessible on the lowa Mesonet website,
allowing weather and environmental scientists to process the information and make informed
decisions for their projects and research (9).

The motivation for this project was to apply the knowledge from my data science and
mechatronics class in.determining heat indices of select areas. For this project, | set out to
script, analyze and simulate a functional heat index in a select area in Des Moines, lowa on
python, and to design and simulate temperature and Heat Index using a thermistor and DHT 11
(Temperature & Humidity Sensor) on an Arduino Uno.

Methodology:

My experimental set up involved reading a room temperature and displaying values on an LCD
using the TMP 36 temperature sensor then finally setting up the DHT 11 for temperature and
humidity readings to analyze heat index.



For my python script, data from lowa Environmental Mesonet (IEM) was used to analyze and
simulate Heat Index in a select area in Des Moines, lowa. Analysis includes plotting the top ten
hottest air temperatures, top ten dewpoint temperatures, defining a function to calculate
relative humidity from air temperature and dew point temperatures, and a function to calculate
and simulate heat index from the relative humidity and air temperatures, then created
Ipywidgets for real time simulation of heat index

TEMPERATURE SENSING WITH TMP36

For my room temperature sensing, | made use of TMP36 Temperature sensor. The temperature
sensor, as shown in Figure 3, has three legs: one connected to 5V, one to ground, and the
voltage output from the third leg changes proportionally with temperature variations. This
voltage value is then converted into a temperature reading using simple temperature-retrieving
algorithms, as outlined in the TMP36 datasheet (10). Figure 4 shows the circuit diagram for the
TMP36 with an LCD Display for the Room temperature in centigrade and Fahrenheit.
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Figure 3: TMP 36 Temperature sensor (Source: (10))
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Figure 4: Circuit Diagram for TMP 36 Temperature sensor with LCD. (Source: (10))

DHT 11 - TEMPERATURE AND HUMIDITY SENSOR

The DHT11 digital temperature and humidity sensor provides a calibrated digital signal output
for both temperature and humidity measurements. The sensor incorporates a resistive element
and a Negative Temperature Coefficient (NTC) temperature sensing device, along with-a high-
performance 8-bit microcontroller. The DHT11 consists of four pins: VDD for power supply (3.3-
5V DC), DATA for serial data transmission on a single bus, an NC (Net Connected) pin, and the
ground pin, as shown in Figures 5 and 6. The sensor is connected to the Arduino.Uno and to the
PC via the IDE and code to measure the room temperature and relative humidity, and calculate
the heat index as shown in Figure 7.
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Figure 5: DHT 11 (Source; Datasheet) Figure 6: Circuit Diagram for DHT 11 (Source: Datasheet)
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Figure 7: DHT 11 connected to Arduine Uno

RESULTS:

TMP36 TEMPERATURE SENSOR

The TMP36 sensors employ a solid-state technique to measure room temperature. Unlike
traditional thermometers that use mercury, bimetallic strips, or thermistors (temperature-
sensitive resistors), these sensors take advantage of the fact that as temperature rises, the
voltage across a diode increases at a known rate. By carefully amplifying this voltage change, an
analog signal is generated that is directly proportional to the temperature, as illustrated in Fig.
8, an LCD was equally utilized to display the room temperature alongside the display on the
Serial monitor on the Arduino IDE.
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Fig 8: Room Temperature Readings from TMP 36
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Fig 9: Serial Monitor display of Heat Index calculations from DHT 11 sensor

PYTHON SCRIPT:

A station (RDS14).in Des Moines lowa from the lowa Environmental Mesonet Network simulated and A
station (RDS14) in Des Moines, lowa, from the lowa Environmental Mesonet Network was used to
simulate and analyze the heat index in that area. It displays the heat index along with the corresponding
cautions, as shown in Figures 10a to 10d. Figure 10d utilizes ipywidgets to control the heat index
settings.



26°F and Humidity: 188%, the Heat Index is: 26.88°F

3D Visualization of Heat Index
(Air Temp: 26°F, Humidity: 100%)
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For Air Temperature: 148°F and Humidity: 98%, the Heat Index is: 566.89°F
Alert: Extreme Danger: Heat stroke highly likely with continued exposure.

3D Visualization of Heat Index
(Air Temp: 140°F, Humidity: 90%)
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Figure 10c 3D visualization of Heat index (Air Temp: 140°F, Humidity: 90%

Alr Temp (°F) 109.00 Humidity (%) [ J 70.00
For Air Temperature: 109.0°F and Humidity: 70.€%, the Heat Index is: 187.81°F
Alert: Extreme Danger: Heat stroke highly likely with continued exposure.
3D Visualization of Heat Index
(Air Temp: 109.0°F, Humidity: 70.0%)
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Figure 10d: 3D visualization of heat index (Air Temp: 109.0°F, Humidity: 70.0%

DISCUSSIONS

Figure 10d 3D visualization of Heat index



The room temperature readings from the TMP 36 gave real time temperatures and displayed
values in centigrade and Fahrenheit on the LCD attached as shown in fig.8. For confirmation, |
brought a space heater near the temperature sensor to vary ambient temperatures, it was also
quick to identify the change. Care should be taken when connecting TMP36 to the board,
ensure to follow the right direction to avoid overheating, | personally observed that if the pins
are wrongly situated, the heat it emanates can be somewhat harmful when touched.

DHT11 is an excellent choice for experimentally determining the heat index in a small area or for
basic data logging. This is due to its capacitive humidity sensor and thermistor. The digital signal
is relatively easy to read using some microcontrollers. The DHT11 is affordable, operates on 3-
5V power, and provides humidity readings in the range of 20-80% with 5% accuracy. It also
measures temperatures from 0-50°C with an accuracy of +/- 2°C. However, it requires the
correct code to function properly.

Arduino Uno was a better microcontroller than sparkfun, | couldn’t use sparkfun in most of the
setups, as it wasn’t compatible for some reasons, but Arduino uno was.swift to use. The heat
index in Des Moines as analyzed on python is generally highest during the summer period and
lowest at winter.

CONCLUSIONS

Extreme heat events are likely to occur during the summer months in the United States. It is
crucial to advise citizens, particularly.outdoorworkers, the elderly, children, and other
vulnerable groups, about the dangers of excessive heat. Heat indices are useful for determining
safe outdoor conditions during the summer, making it important for people to be informed.
Having devices like the Triplet HS10 or WS-HEOQ1, which can provide this information, can
significantly help alert.the public on how to safely conduct their activities.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models (ChatGPT,
COPILQT, etc.) and text-to-image generators have been used during the writing or editing of this
manuscript.

Option 2:



Author(s) hereby declare that generative Al technologies such as Large Language Models, etc. have been
used during the writing or editing of manuscripts. This explanation will include the name, version,
model, and source of the generative Al technology and as well as all input prompts provided to the
generative Al technology

Details of the Al usage are given below:
1.
2.
3.
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APPENDICES

APPENDIX A
DATASHEET OF DHT 11

AOSONG

Temperature and Humidity Module
DHT11 Product Manual

For more information, please visit : www.a0song.com
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5. Parameters
Felative Humidity
Resolution : 16Bit

Repeatability : =1%RH
Accuracy @ 25C =5%RH
Interchangeability - Fully interchangeable

Response time : 1/e (63%)25C 65
1m/s Air 6s
Hysteresis - <=03%RH

Long-term stability : <=0.3%RHyr
Temperature

Resolution : 16Bit

Repeatability : =1C

Accuracy : 25°C +2°C
Response time : 1/e (63%) 108
Electrical Characteristics

_Power supply : DC 33 ~55V




ANALOG
DEVICES

Low Voltage Temperature Sensors

TMP35/TMP36/TMP37

FEATURES

Low voltage operation (2.7 V to 5.5 V)
Calibrated directhy in “C

10 mV/C scale factor (20 mV/7C on TMP37)
+2"C accuracy over temperature (typ)
+0.5°C linearity (typ]

Stable with large capacitive losds
Spedified —40°C to +125°C, operation to +150°C
Less than 50 pA quiescent current
Shutdown current 0.5 pA max

Low salf-heating

Qualified for automotive applications
APPLICATIONS
Envirenmental control systems

Thermal protection

Industrial process contrel

Fire alarms.

Power system monitors

CPU thermal management

GENERAL DESCRIPTION

The TMPIS/TMPISTMPAT are low woltape, precision centi-
grade temperature sensors. They provide a voltage output that
is lincarly proportional to the Celsius (centigrade) temperature.
The TMP35/ TMP3TMP37 do not require any external
calibration 1o provide typical sccuracies of £1°C at +25%C

and +2*C ower the —40"C o +125"C lemperature range.

The low output impedance of the TMP35/TMP3I&/TMP37 and
its linear output and precise calibration simplify interfacing to
temperature control circwitry and ADCs. All three devices are
intended for single- supply operation from 2.7 ¥ io 5.5 V maxi-
mum. The supply current runs well bedow 50 pA. providing
very low sell-heuting—less tham 0.1°C in still air. In addition, a
shutdown funclion is provided o cul the supply current Lo less
than 0.5 pA.

The TMP35 is functionally compatible with the LM35/LMA45
and provides a 250 mV output at 25°C. The TMP35 reads

temperatures from 10C to 125°C. The TMP36 is specified from

—40°C to +125°C, provides a 750 mV oulput at 25°C, and
operiles 10 125°C from a single 2.7 V supply. The TMPY is
funictionally compatible with the LM50. Both the TMP35 and
TMP36 hawe an output scale factor of 10 mV/PC.
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TMP35/TMP36/TMP37

SPECIFICATIONS
Vi=27 V1055V, -40°C < Ta < +125°C, unless otherwise noted.
Table 1.
Parameter' Symbol | Test Conditions/Comments Min Typ Max Unit
Ul
TMP3s/TMP36/TMP37 (F Grade) Ta=25"C +1 +2 C
TMP3s/TMP36/TMP37 (G Grade) Ta=25C +1 13 <
TMPIS/TMPIGTMPA7 F Grade) Over rated temperature (%] 43 <
TMP35/TMP36/TMP37 (G Grade) Owver rated lemperature +2 1 C
Scale Factor, TMP3S 10°C < Ta < 125°C 10 mVRC
Scale Factor, IMP36 A0 < Tas 1125°C 10 mveC
Scale Factor, TMP37 5C<Tazas'C 20 mVi/AC
5C = Ta= 100°C 20 mVAC
30V=Ves55V
| oad Regulation OpA =k <50pA
~40°C < Tas 4705°C [ 20 mCfpA
=105C < Ta = +125°C 25 60 mUpA
Pawer Supply Reyection Ratio PSRR Ta=25%C 30 100 m N
30V=Viss5sV 50 mOv
Linearity os g
Loewg- Term Stability Ta=150°C lor 1 kHz 04 b4
SHUTDOWN
Logic High Input Voltage Vu Vs=27V 18 v
Logic Low Input Voltage Va V=55V 400 mV
OUTPUT
TMP3S Output Voltage Ta= 25T 250 mv
TMP36 Output Voltage Ta=25°C 750 mV
TMP37 Qutput Voltage Ta=25C 500 mV
Output Voltage Range 100 2000 mV
Output Load Current L 0 50 HA
Short-Cirouit Current b Note 2 250 A
Capacitive Load Driving G No oscillations? 1000 10000 pF
Device Tum On Time Output within £1°C, 100 k(}|100 pF load? 05 1 ms
POWER SUPPLY
Supply Range Vs 27 55 v
Supply Current I (OM) Unigaded 50 pA
Supply Cusrent (Shutdown) Iy {OFF) | Unloaded 001 05 pA

! Does not consider erors caused by self-heating.
! Guaranteed but not tested.




