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IN STATISTICAL ANALYSIS, ESPECIALLY IN ENVIRONMENTAL STUDIES, ACCURATELY ESTIMATING THE MEAN TEMPERATURE IS
VITAL FOR UNDERSTANDING CLIMATE PATTERNS, ASSESSING ENVIRONMENTAL CHANGES, AND MAKING INFORMED POLICY DECISIONS.
ONE OF THE KEY TOOLS USED IN THIS CONTEXT IS THE CONFIDENCE INTERVAL, WHICH PROVIDES A RANGE OF PLAUSIBLE VALUES
FOR THE POPULATION MEAN BASED ON SAMPLE DATA.

SUPPOSE D THAT WE WANTED THE TOTAL WIDTH OF THE TWO-SIDED CONFIDENCE INTERVAL ON MEAN TEMPERATURE TO BE A
SPECIFIC VALUE. THIS SCENARIO IS COMMON WHEN RESEARCHERS OR POLICYMAKERS REQUIRE A CERTAIN PRECISION LEVEL IN THEIR
ESTIMATES. ACHIEVING A DESIRED CONFIDENCE INTERVAL WIDTH INVOLVES UNDERSTANDING THE INTERPLAY BETWEEN SAMPLE
SIZE, VARIABILITY, CONFIDENCE LEVEL, AND THE STATISTICAL FORMULAS THAT UNDERPIN INTERVAL CONSTRUCTION.

THIS ARTICLE DELVES INTO THE CONCEPT OF TWO-SIDED CONFIDENCE INTERVALS FOR THE MEAN TEMPERATURE, EXPLORES HOW
TO DETERMINE THE NECESSARY SAMPLE SIZE TO ACHIEVE A SPECIFIED TOTAL WIDTH, AND DISCUSSES PRACTICAL
CONSIDERATIONS FOR ENVIRONMENTAL DATA ANALYSIS.

UNDERSTANDING CONFIDENCE INTERVALS FOR THE MEAN TEMPERATURE

WHAT Is A CONFIDENCE INTERVAL?P

A CONFIDENCE INTERVAL (CD IS A RANGE OF VALUES, DERIVED FROM SAMPLE DATA, THAT IS BELIEVED TO CONTAIN THE TRUE
POPULATION PARAMETER WITH A SPECIFIED LEVEL OF CONFIDENCE (COMMONLY 950/0) FOR THE MEAN TEMPERATURE, THE Cl
ESTIMATES THE RANGE WITHIN WHICH THE TRUE AVERAGE TEMPERATURE OF A POPULATION (E.G., A CITY, REGION, OR ENTIRE
CLIMATE ZONE) LIES.

MATHEMATICALLY, FOR A NORMALLY DISTRIBUTED POPULATION WITH UNKNOWN VARIANCE, THE TWO-SIDED CONFIDENCE
INTERVAL FOR THE MEAN TEMPERATURE \(\MU\) IS GIVEN BY:

\[
\ear{x} \PpM T_{\ALPHA/2 \, N-13} \TiMeS \rrAC{S}{\5QRT{N}}
\]

\W/ HERE:

- \(\ArR{x3}\) IS THE SAMPLE MEAN.

- \(s\) IS THE SAMPLE STANDARD DEVIATION.

- \(N\) IS THE SAMPLE SIZE.

-\(r_{\ALpPHA/2,\, N-13\) IS THE T-VALUE FROM THE STUDENT’S T-DISTRIBUTION CORRESPONDING TO THE CONFIDENCE LEVEL
\(1 - \aLrHA\) AnD \(N-1\) DEGREES OF FREEDOM.

CoMPONENTS AFFECTING THE WIDTH OF THE CONFIDENCE INTERVAL

THE WIDTH OF THE CONFIDENCE INTERVAL (CD IS CRUCIAL BECAUSE IT REFLECTS THE PRECISION OF THE ESTIMATE!:

\l

\TexT{TotaL WipTH} = 2 \TiMes T_{\ALPHA/2 \, N-13 \TiMes \rrAC{S}{\sQrT{N}}



\]

KEY FACTORS INFLUENCING THE WIDTH INCLUDE:

- SampLE Size (\(N\)): LARGER SAMPLES TEND TO PRODUCE NARROWER INTERVALS.

- VArIABILITY of DATA (\(s\)): MORE VARIABILITY LEADS TO WIDER INTERVALS.

- CONFIDENCE LEVEL: HIGHER CONFIDENCE LEVELS (E.G., 99%) PRODUCE WIDER INTERVALS.

- SigNIFIcANCE LEVEL (\(\ALPHA\)): CORRESPONDS TO THE TAIL PROBABILITY; LOWER \(\ALPHA\) INCREASES THE INTERVAL
WIDTH.

IN ENVIRONMENT AL STUDIES, REDUCING THE WIDTH OF THE Cl ALLOWS FOR MORE PRECISE TEMPERATURE ESTIMATES, WHICH CAN
BE CRITICAL FOR DETECTING CLIMATE TRENDS OR ANOMALIES.

DETERMINING THE SAMPLE SIzE FOR A DeSIRED CONFIDENCE INTERVAL WIDTH

SUPPOSE D THAT WE WANT THE TOTAL WIDTH OF THE TWO-SIDED CONFIDENCE INTERVAL TO BE EXACTLY \(D\). To ACHIEVE
THIS, WE NEED TO DETERMINE THE REQUIRED SAMPLE SIZE \(N\) BASED ON KNOWN OR ESTIMATED VARIABILITY AND THE DESIRED
CONFIDENCE LEVEL.

DerIVING THE SAMPLE SizE FOrRMULA
GIVen THE TOTAL WIDTH \(D\), THE RELATIONSHIP IS:
\[

D=2\1iMes T_{\aLpHA/2 \ n-13 \TiMes \rrac{s}{\sqrT{N}}
\]

REARRANGED To soLVE For \(N\):

\[
N = \LerT( \FrRAC{2 \TiMes T_{\aLPHA/2\ N-1} \TiMES SHD3} \RIGHT)"2

\]

However, since \(T_{\ALPHA/2,\, N-13}\) DEPENDS ON \(N\), AN ITERATIVE OR APPROXIMATE APPROACH IS OFTEN USED:

1. ApproxXIMATE \(T_{\aLprHA/2,\ N-13\) wiTH THE z-vALUE (\(z_{\ALPHA/2}\)) FROM THE STANDARD NORMAL
DISTRIBUTION IF THE SAMPLE SIZE IS LARGE (UsUALLY \(N \Geq 30\)):

\l

N \approx \LEFT( \FrAC{2 \TiMes z_{\ALPHA/2} \TiMES S}{D} \RIGHT)"2

\]

2. USE THE T-DISTRIBUTION FOR SMALLER SAMPLE SIZES TO REFINE THE ESTIMATE, UPDATING \(T_{\ALPHA/2 \, N-13}\) AS
NEEDED.

STEP-BY-STEP CALCULATION EXAMPLE

SUPPOSE:

- You wANT THE ToTAL wiDTH \(D = 2™\circ C\).

- THE ESTIMATED STANDARD DEVIATION \(s = 5™\ circ C\).

- You pesiRe A 95% conripence LEVEL (\(\ALPHA = 0.05))), so \(z_{0.025} \aprrox 1.96\).

USING THE APPROXIMATION:

\[
N \apProx \LEFT( \FrRAC{2 \TiMes 1.96 \TiMes 53{2} \rIGHT)"2 = \LerT( \FrrRAC{19.63{2} \rIGHT)"2 = (9.8)"2 =



96.04
\]

THUS, APPROXIMATELY 97 SAMPLES ARE NEEDED TO ACHIEVE A TOTAL Cl wipTH oF \(2™\circ C\) AT A 959, CONFIDENCE
LEVEL.

NoTE: FOR MORE PRECISE CALCULATIONS, ESPECIALLY WHEN THE SAMPLE SIZE IS SMALL, USE THE T-DISTRIBUTION VALUE FOR
\(N-1\) DEGREES OF FREEDOM AND ITERATE UNTIL THE ESTIMATE STABILIZES.

PrACTICAL CONSIDERATIONS IN ENVIRONMENTAL DATA COLLECTION

EsTiMAaTING VArIABILITY (\(s\))

ACCURATE ESTIMATION OF THE STANDARD DEVIATION IS ESSENTIAL. THIS CAN BE ACHIEVED BY:
- ANALYZING PRELIMINARY DATA OR HISTORICAL TEMPERATURE RECORDS.

- CONDUCTING PILOT STUDIES TO GAUGE VARIABILITY.

- CONSIDERING SEASONAL OR DAILY VARIATIONS THAT INFLUENCE TEMPERATURE FLUCTUATIONS.

CHoosING THE CONFIDENCE LEVEL

IN ENVIRONMENTAL STUDIES, A 950/0 CONFIDENCE LEVEL IS STANDARD, BUT DEPENDING ON THE CONTEXT, HIGHER LEVELS (E.G./
990/0) MIGHT BE NECESSARY FOR CRITICAL POLICY DECISIONS, WHICH WILL INCREASE THE REQUIRED SAMPLE SIZE.

BALANCING CosT AND PRrECISION

COLLECTING SAMPLES CAN BE RESOURCE-INTENSIVE. THEREFORE, RESEARCHERS MUST BALANCE THE DESIRE FOR A NARROW
CONFIDENCE INTERVAL WITH PRACTICAL CONSTRAINTS:

- BUDGET LIMITATIONS.

- TIME CONSTRAINTS.

- ACCESSIBILITY OF MEASUREMENT SITES.

STRATEGIES INCLUDE:

- USING STRATIFIED SAMPLING TO REDUCE VARIABILITY.

- INCREASING MEASUREMENT FREQUENCY DURING PERIODS OF HIGH VARIABILITY.

- EMPLOYING REMOTE SENSING OR AUTOMATED SENSORS FOR EXTENSIVE DATA COLLECTION.

ADVANCED TOPICS AND EXTENSIONS

DeALING WITH UNKNOWN V ARIANCE

\W/HEN THE POPULATION VARIANCE IS UNKNOWN AND THE SAMPLE SIZE IS SMALL, THE T-DISTRIBUTION IS USED FOR
CONSTRUCTING CONFIDENCE INTERVALS. THIS COMPLICATES THE SAMPLE SIZE CALCULATION SLIGHTLY, OFTEN REQUIRING
ITERATIVE METHODS OR CONSERVATIVE ESTIMATES BASED ON PILOT DATA.

ADJUSTING FOR NON-NORMAL DATA

TEMPERATURE DATA OFTEN DEVIATE FROM PERFECT NORMALITY. TECHNIQUES SUCH AS DATA TRANSFORMATION OR
BOOTSTRAPPING CAN BE EMPLOYED TO OBTAIN MORE RELIABLE CONFIDENCE INTERVALS.



MuULTIPLE MEASUREMENTS AND LONGITUDINAL DATA

IN STUDIES WHERE MULTIPLE TEMPERATURE MEASUREMENTS ARE TAKEN OVER TIME, METHODS LIKE REPEATED MEASURES ANOV A
OR MIXED-EFFECTS MODELS CAN PROVIDE MORE NUANCED CONFIDENCE INTERVAL ESTIMATES, ACCOUNTING FOR CORRELATIONS
BETWEEN OBSERVATIONS.

CoNcCLUSION

SuPPOSE D THAT WE WANTED THE TOTAL WIDTH OF THE TWO-SIDED CONFIDENCE INTERVAL ON MEAN TEMPERATURE TO BE A
SPECIFIC VALUE IS A COMMON SCENARIO IN ENVIRONMENTAL STATISTICS. ACHIEVING THIS GOAL INVOLVES UNDERSTANDING THE
RELATIONSHIP BETWEEN SAMPLE SIZE, VARIABILITY, CONFIDENCE LEVEL, AND THE DESIRED PRECISION.

BY APPLYING THE FORMULAS AND PRINCIPLES DISCUSSED, RESEARCHERS CAN DETERMINE THE NECESSARY SAMPLE SIZE TO ATTAIN
THEIR PRECISION GOALS, ENABLING MORE ACCURATE AND RELIABLE TEMPERATURE ESTIMATIONS. PROPER PLANNING ENSURES
EFFICIENT USE OF RESOURCES WHILE MAINTAINING SCIENTIFIC RIGOR, ULTIMATELY CONTRIBUTING TO BETTER CLIMATE MONITORING
AND POLICY FORMULATION.

SUMMARY OF KEY STEPS:

- ESTIMATE OR OBTAIN THE STANDARD DEVIATION \(S\) OF TEMPERATURE DATA.

- DECIDE ON THE DESIRED TOTAL CONFIDENCE INTERVAL WIDTH \(D\).

- CHOOSE THE CONFIDENCE LEVEL (£.G., 959%) AND FIND THE CORRESPONDING \(z_{\ALPHA/2}\) or \(T_{\ALPHA/2 )\,

N-130).

- USE THE FORMULA:

\l

N \approX \LEFT( \FRAC{2 \TiMes T_{\aLPHA/2 \, N-1} \TIMES SHD} \RIGHT)"2

\]
- ITERATE IF NECESSARY TO REFINE THE VALUE oF \(T_{\ALPHA/2 \ N-T}\).

THIS APPROACH ENSURES THAT ENVIRONMENTAL SCIENTISTS AND STATISTICIANS CAN PLAN THEIR STUDIES EFFECTIVELY,
LEADING TO HIGH-PRECISION TEMPERATURE ESTIMATES THAT INFORM CRITICAL DECISIONS ABOUT CLIMATE CHANGE,
ENVIRONMENTAL MANAGEMENT, AND PUBLIC HEALTH.

FREQUENTLY ASkeD QUESTIONS

\WHAT DOES IT MEAN TO WANT THE TOTAL WIDTH OF A TWO-SIDED CONFIDENCE
INTERVAL ON MEAN TEMPERATURE?

|T REFERS TO SPECIFYING THE DESIRED OVERALL RANGE THAT CAPTURES THE TRUE MEAN TEMPERATURE WITH A CERTAIN LEVEL
OF CONFIDENCE, OFTEN AIMING FOR A NARROWER INTERVAL FOR MORE PRECISE ESTIMATES.

How IS THE TOTAL WIDTH OF A CONFIDENCE INTERVAL CALCULATED FOR THE MEAN
TEMPERATURE?

THE TOTAL WIDTH IS TYPICALLY TWICE THE MARGIN OF ERROR, WHICH DEPENDS ON THE CRITICAL VALUE, STANDARD
DEVIATION, AND SAMPLE SIZE: WIDTH = 2 (CRITICAL VALUE) (STANDARD DEVIATION / SQRT(N)).

WHY IS CONTROLLING THE TOTAL WIDTH OF A CONFIDENCE INTERVAL IMPORTANT IN
TEMPERATURE STUDIES?

CONTROLLING THE WIDTH ENSURES THE ESTIMATE OF THE MEAN TEMPERATURE IS PRECISE ENOUGH FOR DECISION-MAKING, POLICY,



OR SCIENTIFIC CONCLUSIONS, BALANCING CONFIDENCE LEVEL AND RESOURCE CONSTRAINTS.

How CAN | DETERMINE THE REQUIRED SAMPLE SIZE TO ACHIEVE A SPECIFIC TOTAL WIDTH
OF THE CONFIDENCE INTERVAL?

Y OU CAN REARRANGE THE MARGIN OF ERROR FORMULA TO SOLVE FOR N: N = ( (CRITICAL VALUE) (STANDARD DEVIATION) /
(DESIRED HALF-WIDTH) )2, THEN DOUBLE IT FOR THE TOTAL WIDTH.

\W/HAT ROLE DOES THE CONFIDENCE LEVEL PLAY IN SETTING THE TOTAL WIDTH OF THE
INTERVAL?P

A HIGHER CONFIDENCE LEVEL (E.G., 990/0) INCREASES THE CRITICAL VALUE, RESULTING IN A WIDER INTERVAL, WHEREAS A LOWER
CONFIDENCE LEVEL REDUCES THE WIDTH BUT DECREASES CERTAINTY.

How DOES VARIABILITY IN TEMPERATURE DATA AFFECT THE TOTAL WIDTH OF THE
CONFIDENCE INTERVAL?

GREATER VARIABILITY (HIGHER STANDARD DEVIATION) LEADS TO A WIDER CONFIDENCE INTERVAL, REQUIRING LARGER SAMPLE
SIZES OR ACCEPTING A BROADER RANGE FOR THE SAME CONFIDENCE LEVEL.

CAN THE TOTAL WIDTH OF THE CONFIDENCE INTERVAL BE ADJUSTED AFTER DATA
COLLECTION?

YES/ BUT TYPICALLY IT REQUIRES ADDITIONAL DATA COLLECTION OR ACCEPTING A DIFFERENT CONFIDENCE LEVEL, ONCE DATA IS
COLLECTED, THE WIDTH IS DETERMINED BY THE SAMPLE STATISTICS AND DESIRED CONFIDENCE.

WHAT ASSUMPTIONS ARE MADE WHEN CALCULATING THE TOTAL WIDTH OF A
CONFIDENCE INTERVAL FOR MEAN TEMPERATURE?

ASSUMPTIONS INCLUDE THAT THE TEMPERATURE DATA ARE NORMALLY DISTRIBUTED OR THE SAMPLE SIZE IS LARGE ENOUGH FOR
THE CENTRAL LIMIT THEOREM TO APPLY, AND THAT THE STANDARD DEVIATION IS KNOWN OR ESTIMATED ACCURATELY.

How DOES INCREASING THE SAMPLE SIZE IMPACT THE TOTAL WIDTH OF THE CONFIDENCE
INTERVAL ON MEAN TEMPERATURE?

INCREASING THE SAMPLE SIZE DECREASES THE MARGIN OF ERROR, RESULTING IN A NARROWER TOTAL WIDTH, THUS PROVIDING A
MORE PRECISE ESTIMATE OF THE MEAN TEMPERATURE.

ADDITIONAL RESOURCES

CONFIDENCE INTERVAL WIDTH FOR THE MEAN TEMPERATURE: AN IN-DEPTH EXPLORATION

UNDERSTANDING THE PRECISION OF AN ESTIMATED MEAN TEMPERATURE IS FUNDAMENTAL IN CLIMATE SCIENCE, METEOROLOGY,
AND ENVIRONMENTAL STUDIES. W/HEN REPORTING TEMPERATURE DATA, SCIENTISTS OFTEN PRESENT A CONFIDENCE INTERVAL (CD
TO EXPRESS THE RANGE WITHIN WHICH THE TRUE MEAN TEMPERATURE IS LIKELY TO LIE WITH A SPECIFIED LEVEL OF CONFIDENCE,
TYPICALLY 950/0. HO\X/EVER, BEYOND SIMPLY CONSTRUCTING THESE INTERVALS, RESEARCHERS AND ANALYSTS ARE FREQUENTLY
CONCERNED WITH THE WIDTH OF THESE INTERVALS—THAT IS, HOW PRECISE THE ESTIMATE TRULY IS.

IN THIS ARTICLE, WE WILL EXPLORE WHAT IT MEANS TO DETERMINE THE TOTAL WIDTH OF A TWO-SIDED CONFIDENCE INTERVAL
FOR MEAN TEMPERATURE, THE FACTORS INFLUENCING THIS WIDTH, AND HOW TO EFFECTIVELY COMPUTE AND INTERPRET IT. WEe
APPROACH THIS TOPIC AS IF PROVIDING A COMPREHENSIVE GUIDE OR REVIEW FOR PRACTITIONERS, STUDENTS, AND DATA
ANALYSTS AIMING TO DEEPEN THEIR UNDERSTANDING OF CONFIDENCE INTERVAL ESTIMATION IN THE CONTEXT OF TEMPERATURE



DATA.

UNDERSTANDING THE CONFIDENCE INTERVAL FOR THE MEAN TEMPERATURE

WHAT Is A CONFIDENCE INTERVAL?P

A CONFIDENCE INTERVAL IS A STATISTICAL TOOL USED TO ESTIMATE AN UNKNOWN POPULATION PARAMETER—IN THIS CASE,
THE MEAN TEMPERATURE—BASED ON SAMPLE DATA. [T PROVIDES A RANGE OF PLAUSIBLE VALUES THAT, WITH A CERTAIN LEVEL
OF CONFIDENCE (SAY, 95%), CONTAINS THE TRUE PARAMETER.

MATHEMATICALLY, FOR A POPULATION MEAN \(\MU\), A TWO-SIDED CONFIDENCE INTERVAL BASED ON A SAMPLE MEAN
\(\BAr{x}\) IS TYPICALLY EXPRESSED AS:

\[
\LerT( \BAR{x} - E, \QUAD \BAR{X} + E \RIGHT)

\]
wHERE \(E\) IS THE MARGIN OF ERROR.

THIS MARGIN OF ERROR ACCOUNTS FOR THE VARIABILITY IN THE SAMPLE DATA AND THE DESIRED CONFIDENCE LEVEL,
ESSENTIALLY QUANTIFYING THE UNCERTAINTY ASSOCIATED WITH THE ESTIMATE.

ConNsTRUCTING A CONFIDENCE INTERVAL: THE BAsic COMPONENTS

TO CONSTRUCT A TWO-SIDED CONFIDENCE INTERVAL FOR THE MEAN TEMPERATURE, WE NEED:

- SampLE Mean (\(\BArR{x3\)): THE AVERAGE TEMPERATURE OBTAINED FROM THE SAMPLE DATA.

- SaMpLE STANDARD DevIATION (\(s\)): THE MEASURE OF VARIABILITY IN THE SAMPLE.

- SampLE Size (\(N\)): THE NUMBER OF TEMPERATURE MEASUREMENTS TAKEN.

- Conripence Level (\(1 - \aLpHA\)): UsuAaLLY 95%, MeaniNG \(\ALPHA = 0.05\).

- CrimicaL VALUE (\(z_{\aLprAa/23\) or \(7_{\ALPHA/2, DF}\)): THE NUMBER FROM THE STANDARD NORMAL OR T~
DISTRIBUTION CORRESPONDING TO THE DESIRED CONFIDENCE LEVEL, ADJUSTED FOR DEGREES OF FREEDOM IF NECESSARY.

THe MARGIN OF ERROR \(E\) IS CALCULATED AS:

\l

E = \1exT{CriTicaL VALUE} \TiMeS \TEXT{STANDARD ERROR}

\]

\WHERE THE STANDARD ERROR (SE) OF THE MEAN IS

\[
SE = \rrac{s}{\sqrT{N}}
\]



DecIPHERING THE ToTAL WIDTH oF THE CONFIDENCE INTERVAL

WHAT Is THE ToTAL WIDTH?

THE TOTAL WIDTH OF A CONFIDENCE INTERVAL IS THE LENGTH OF THE INTERVAL ITSELF:

\[
\TexT{WioTH} = (\BAR{x} + E) - (\ArR{X} - E) = 2E
\]

THIS WIDTH DIRECTLY INDICATES THE DEGREE OF PRECISION: SMALLER WIDTHS SUGGEST MORE PRECISE ESTIMATES, WHILE LARGER
WIDTHS IMPLY GREATER UNCERTAINTY.

IN PRACTICAL TERMS, IF THE CONFIDENCE INTERVAL FOR AVERAGE TEMPERATURE IS (15°C, 17°C), THE TOTAL WIDTH IS 2°C,
REFLECTING THE RANGE OF PLAUSIBLE VALUES FOR THE TRUE MEAN TEMPERATURE.

WHY Focus oN THE WIDTH?

(UNDERSTANDING AND CONTROLLING THE WIDTH OF CONFIDENCE INTERVALS IS CRUCIAL BECAUSE:

- PrecisioN oF ESTIMATES: NARROWER INTERVALS REFLECT HIGHER PRECISION, ENABLING MORE CONFIDENT DECISION-MAKING.
- RESOURCE ALLOCATION: RECOGNIZING FACTORS THAT INFLUENCE THE WIDTH CAN HELP DESIGN STUDIES WITH EFFICIENT
SAMPLING STRATEGIES.

- COMPARATIVE ANALYSIS: COMPARING WIDTHS ACROSS DIFFERENT DATASETS OR TIME PERIODS CAN REVEAL CHANGES IN
VARIABILITY OR MEASUREMENT ACCURACY.

FACTORS INFLUENCING THE WIDTH oF THE CONFIDENCE INTERVAL

THE TOTAL WIDTH \(\X/\) OF A TWO-SIDED CONFIDENCE INTERVAL FOR THE MEAN TEMPERATURE IS PRIMARILY INFLUENCED BY
THREE COMPONENTS!

\[
W = 2 \7iMes z_{\aLpHA/2} \TiMes \Frrac{s}{\sQrT{N}}
\]

OR, IN CASES WHERE THE POPULATION STANDARD DEVIATION \(\siGMA\) Is knownN,

\[
W = 2 \1imes z_{\aLpHA/2} \TiMES \FrAC{\sIGMA}{\sQrT{N}}

\]

KEY FACTORS INCLUDE:

1. SampLe Size (\(NV))
2. SampLE VariagiLITY (\(s\) or \(\sicma\))
3. Conripence LEver (\(1 - \aLpHA\))

LET'S EXAMINE EACH IN DETAIL.



1. SampLe Size (\(n\))

- IMPACT: LARGER SAMPLE SIZES LEAD TO SMALLER STANDARD ERRORS, WHICH IN TURN PRODUCE NARROWER CONFIDENCE
INTERVALS.

- ExpLaNATION: As \(N\) INCREASES, THE DENOMINATOR \(\SQRT{N}\) GROWS, REDUCING THE STANDARD ERROR \(SE\), AND
CONSEQUENTLY, DECREASING THE MARGIN OF ERROR \(E\).

- PrRACTICAL CONSIDERATION: TO ACHIEVE A DESIRED CONFIDENCE INTERVAL WIDTH, INCREASING SAMPLE SIZE IS OFTEN THE
MOST STRAIGHTFORWARD APPROACH, THOUGH IT INVOLVES MORE RESOURCES.

2. SampLE VARIABILITY (\(s\) or \(\sicMa\))

- IMPACT: HIGHER VARIABILITY IN TEMPERATURE MEASUREMENTS INCREASES THE STANDARD ERROR, RESULTING IN WIDER
CONFIDENCE INTERVALS.

- EXPLANATION: VARIABILITY REFLECTS THE NATURAL FLUCTUATIONS IN TEMPERATURE DATA, MEASUREMENT INACCURACIES, OR
ENVIRONMENTAL FACTORS.

- MEASUREMENT STRATEGY: EFFORTS TO STANDARDIZE MEASUREMENT METHODS OR INCREASE DATA COLLECTION CAN HELP
REDUCE VARIABILITY, THUS NARROWING THE INTERVAL.

3. Conripence Lever (\(1 - \aLpHA\))

- IMPACT: HIGHER CONFIDENCE LEVELS (E.G., 99% VS. 95%) REQUIRE LARGER CRITICAL VALUES \(z_{\ALPHA/23}\) OR
\(T_{\ALPHA/2, DF}\), LEADING TO WIDER INTERVALS.

- TRADE-OFF: THERE'S OFTEN A BALANCE BETWEEN CONFIDENCE AND PRECISION; HIGHER CONFIDENCE MEANS LESS RISK OF MISSING
THE TRUE MEAN BUT AT THE EXPENSE OF PRECISION.

CALCULATING THE ToTAL WIDTH oF THE CONFIDENCE INTERVAL: STEP-BY-
STEP

SUPPOSE YOU HAVE THE FOLLOWING DATA:

- SampLE MeaN TEMPERATURE \(\BaArR{x} = 16°C\)
- SAMPLE STANDARD DEVIATION \(s = 2°C\)

- SampLE size \(n = 30\)

- Conripence LEVEL \(95\%\)

HERE'S HOW TO COMPUTE THE TOTAL WIDTH:

STEP 1: DETERMINE THE CRITICAL VALUE

- SINCE THE SAMPLE S1ZE 1S SMALL (\(N < 30\)), AND THE POPULATION STANDARD DEVIATION IS UNKNOWN, USE THE T~



DISTRIBUTION.
- DeGREES oF FreepoM: \(bF =N - 1 =29))
- CRITICAL T-VALUE FOR 95% conrIDENCE: APPROXIMATELY \(T_{0.025, 29} \approx 2.045\)

Step 2: CALCULATE THE STANDARD ERROR (SE)

\[
SE = \rrac{s}{\sqrT{nN}} = \Frrac{2}{\sqQrT{303}} \ArPProx 0.365
\]

Step 3: COMPUTE THE MARGIN OF ERROR (E)

\[
E=7_{0.025, 29} \TiMes SE \approx 2.045 \TiMes 0.365 \approx 0.746

\]

Step 4: FiNo THE ToTAL WiDTH \(\W/\)

\[
W = 2 \TiMes E \approx 2 \TiMES 0.746 = 1.492

INTERPRETATION: THE 95% CONFIDENCE INTERVAL FOR THE MEAN TEMPERATURE IS APPROXIMATELY (15.254°C, 16.746°C),

WITH A TOTAL WIDTH OF ABOUT 1.49°C. THIS INDICATES THAT, BASED ON THE SAMPLE, WE ARE 95% CONFIDENT THAT THE
TRUE MEAN TEMPERATURE LIES WITHIN THIS RANGE.

ADVANCED CONSIDERATIONS AND PRACTICAL APPLICATIONS

DeALING WITH UNKNOWN POPULATION STANDARD DEVIATION

IN MOST REAL-WORLD TEMPERATURE STUDIES, THE POPULATION STANDARD DEVIATION \(\SIGMA\) IS UNKNOWN, AND THE
SAMPLE STANDARD DEVIATION \(S\) IS USED AS AN ESTIMATE. THIS INTRODUCES ADDITIONAL VARIABILITY, WHICH IS
ACCOUNTED FOR THROUGH THE T-DISTRIBUTION RATHER THAN THE NORMAL DISTRIBUTION.

Key PoINT: USE THE T-DISTRIBUTION FOR SMALL SAMPLES OR WHEN \(\SIGMA\) IS UNKNOWN, WHICH GENERALLY RESULTS IN
WIDER INTERVALS THAN THE NORMAL APPROXIMATION.

IMPACT OF INCREASING SAMPLE SIzE

SUPPOSE THE GOAL IS TO REDUCE THE TOTAL WIDTH oF THE Cl To LESS THAN 0.5°C. How LARGE SHOULD THE SAMPLE SIZE
BEP



REARRANGING THE FORMULA:

\[
W =2 \1iMes T_{\aLPHA/2, N- 13 \TiMes \rrAC{s}{\sQrT{N}}
\]

AssUMING \(s\) REMAINS ROUGHLY 2°C AND LEVEL OF CONFIDENCE AT 95%, wiTH \(T_{\ALPHA/2, N-1} \ APPROX
2.045\) For sMaLL \(N\), BUT APPROACHING 1.96 As \(N\) BECOMES LARGE.

SoLve For \(N\):

\[
N \GeEQ \LerT( \FrRAC{2 \TiMes T_{\ALPHA/2, N- T3 \TiMES SI{ W} \RIGHT)"2

\]

Since \(T_{\ALPHA/2
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