IF THERE IS A 50-50 CHANCE OF RAIN TopAY, CoMPUTE
THE ProBABILITY THAT IT WiLL RAIN IN 3 DAYS FrRoM Now

IF THere Is A 50-50 CHaNce OF RAIN TobAY, CoMPUTE THe PRoBABILITY THAT IT WiLL RAIN IN 3 DAYs FroM Now

(UNDERSTANDING WEATHER PROBABILITIES IS ESSENTIAL FOR PLANNING DAILY ACTIVITIES, AGRICULTURAL OPERATIONS, DISASTER
PREPAREDNESS, AND MANY OTHER ASPECTS OF LIFE. W/HEN METEOROLOGISTS FORECAST A 50-50 CHANCE OF RAIN TODAY, IT
INDICATES AN EQUAL LIKELIHOOD OF RAIN OR NO RAIN, BUT WHAT ABOUT PREDICTING FUTURE WEATHER CONDITIONS?
SPECIFICALLY, HOW CAN ONE COMPUTE THE PROBABILITY THAT IT WILL RAIN THREE DAYS FROM NOW/, GIVEN THIS INITIAL
INFORMATION? THIS ARTICLE DELVES INTO THE STATISTICAL PRINCIPLES BEHIND SUCH CALCULATIONS, EXPLORES VARIOUS
MODELS, AND OFFERS PRACTICAL INSIGHTS INTO WEATHER PROBABILITY PREDICTIONS.

FOUNDATIONS OF WEATHER PROBABILITY

UNDERSTANDING BASIC ProBABILITY CONCEPTS

PROBABILITY MEASURES THE LIKELIHOOD OF AN EVENT OCCURRING, EXPRESSED AS A NUMBER BETWEEN O AND 1, OR AS A
PERCENTAGE BETWEEN 0% AND 100%. For EXAMPLE:

- A proBABILITY oF 0.5 (or 50%) INDICATES AN EVEN CHANCE.
- A proBABILITY of O (or 0%) INDICATES IMPOSSIBILITY.
- A ProBABILITY OF 1 (or 1009%) INDICATES CERTAINTY.

IN WEATHER FORECASTING, PROBABILITIES ARE OFTEN DERIVED FROM MODELS THAT ANALYZE ATMOSPHERIC DATA, HISTORICAL
PATTERNS, AND CURRENT CONDITIONS.

CoNDITIONAL VS. UNCONDITIONAL PROBABILITIES

- UNCONDITIONAL PROBARBILITY: THE CHANCE OF AN EVENT OCCURRING WITHOUT ANY PRIOR CONDITIONS (E.G., THE
PROBABILITY THAT IT RAINS TODAY).

- CONDITIONAL PROBABILITY: THE PROBABILITY THAT AN EVENT OCCURS GIVEN THAT ANOTHER EVENT HAS OCCURRED (E.G.,
THE PROBABILITY IT RAINS TOMORROW GIVEN THAT IT RAINED TODAY).

IN THE CONTEXT OF WEATHER, UNDERSTANDING WHETHER RAIN ON SUCCESSIVE DAYS IS INDEPENDENT OR DEPENDENT IS CRUCIAL
FOR MODELING FUTURE PROBABILITIES.

ARE DAY-TO-DAY RAIN EVENTS INDEPENDENT?

EXAMINING INDEPENDENCE IN WEATHER PATTERNS

THE ASSUMPTION OF INDEPENDENCE IMPLIES THAT THE OCCURRENCE OF RAIN ON ONE DAY DOES NOT INFLUENCE THE PROBABILITY
OF RAIN ON SUBSEQUENT DAYS. FOR EXAMPLE, IF RAIN TODAY IS INDEPENDENT OF RAIN TOMORROW , THEN KNOWING WHETHER IT
RAINED TODAY DOESN'T ALTER THE CHANCE OF RAIN TOMORROW.

HO\X/EVER, IN REAL-WORLD WEATHER SYSTEMS, RAINFALL ON CONSECUTIVE DAYS OFTEN EXHIBITS DEPENDENCE. For INSTANCE,
A STORM SYSTEM CAN PERSIST OVER MULTIPLE DAYS, INCREASING THE LIKELIHOOD OF RAIN IN SUCCESSIVE DAYS, OR HIGH=



PRESSURE SYSTEMS CAN SUPPRESS RAINFALL OVER EXTENDED PERIODS.

IMPLICATION: W/HEN MODELING THE PROBABILITY OF RAIN IN FUTURE DAYS, IT IS ESSENTIAL TO CONSIDER WHETHER THE WEATHER
CONDITIONS ARE DEPENDENT OR INDEPENDENT.

MoDELING DePENDENCE: MARKOV CHAINS

ONE EFFECTIVE WAY TO ACCOUNT FOR DEPENDENCE IS THROUGH MARKOV CHAINS—MATHEMATICAL SYSTEMS WHERE THE
FUTURE STATE DEPENDS ONLY ON THE CURRENT STATE, NOT ON THE SEQUENCE OF EVENTS THAT PRECEDED IT.

IN WEATHER MODELING, A SIMPLE MARKOV CHAIN CAN HAVE TWO STATES:

-Ran (R)
- No Rain (N)

TRANSITION PROBABILITIES DESCRIBE THE LIKELIHOOD OF MOVING FROM ONE STATE TO ANOTHER:
-P(R R): PROBABILITY IT RAINS TOMORROW GIVEN IT RAINED TODAY.

-P(R N): PROBABILITY IT DOES NOT RAIN TOMORROW GIVEN IT RAINED TODAY.

- P(N R): PROBABILITY IT RAINS TOMORROW GIVEN IT DID NOT RAIN TODAY.

- P(N N) PROBABILITY IT DOES NOT RAIN TOMORROW GIVEN IT DID NOT RAIN TODAY.

USING THESE TRANSITION PROBABILITIES, WE CAN COMPUTE THE PROBABILITY OF RAIN ON ANY FUTURE DAY BASED ON CURRENT
CONDITIONS.

CALCULATING THE ProBABILITY OF RAIN IN 3 DAYS

SCENARIO 1: ASSUMING INDEPENDENCE

IF WE ASSUME THAT RAIN ON EACH DAY IS INDEPENDENT OF PREVIOUS DAYS AND THAT THE PROBABILITY REMAINS CONSTANT AT
50%, THEN:

- THE PROBARBILITY IT RAINS ON ANY GIVEN DAY IS 0.5.
- THE PROBABILITY IT RAINS IN THREE DAYS IS SIMPLY 1 MINUS THE PROBABILITY IT DOES NOT RAIN ALL THREE DAYS.

CALCULATIONS:

- PROBABILITY IT DOES NOT RAIN IN THREE DAYS: (0.5)"3 =0.125
- THEREFORE, PROBABILITY IT RAINS AT LEAST ONCE IN THREE DAYS: 1-0.125=0.8750r 87.5%

NoTE: THIS APPROACH ASSUMES INDEPENDENCE AND IDENTICAL DISTRIBUTION, WHICH MAY NOT REFLECT ACTUAL WEATHER
PATTERNS.

SceNARIO 2: UsING A MArRkovV CHAIN MODEL

SUPPOSE WE HAVE THE FOLLOWING TRANSITION PROBABILITIES BASED ON HISTORICAL DATA:

| CurreNT STATE | NexT DAY RaIN | NexT DAy No RAIN |



ASSUMING THE INITIAL PROBABILITY TODAY IS 50% RAIN, AND 50% NO RAIN, WE CAN COMPUTE THE PROBABILITY OF RAIN IN
THREE DAYS VIA ITERATIVE CALCULATIONS.

STeP 1: DEFINE THE INITIAL STATE VECTOR:

- PO(R) = 0.5 (PROBABILITY OF RAIN TODAY)
- PO(N) = 0.5 (PROBABILITY OF NO RAIN TODAY)

STep 2: COMPUTE THE STATE AFTER ONE DAY:

-P1(R) =PO(R) P(RE] R) +PO(N) P(NFl R)=0.50.6 +0.50.3=0.3+0.15=0.45
-P1(N) =PO(R) P(RE] N)+PO(N)P(NE] N)=0.50.4+0.50.7=0.2+0.35=0.55

STep 3: COMPUTE FOR DAY TWO:

-P2(R)=P1(R)0.6 +P1(N)0.3 = 0.450.6 + 0.550.3 =0.27 + 0.165 = 0.435
-P2(N)=1-P2(R)=0.565

STep 4: COMPUTE FOR DAY THREE:
-P3(R) =P2(R)0.6 + P2(N)0.3 = 0.4350.6 + 0.5650.3 =0.261+ 0.1695 = 0.4305
THEREFORE, THE PROBABILITY IT WILL RAIN IN THREE DAYS FROM NOW IS APPROXIMATELY 43.05%.

OBSERVATION: THE PROBABILITY HAS DECREASED SLIGHTLY FROM 50% ToDAY To ABOUT 4 3% AFTER THREE DAYS,
REFLECTING THE TRANSITION PROBABILITIES.

ReAL-\Y/ ORLD APPLICATION AND LIMITATIONS

LIMITATIONS OF SIMPLISTIC MODELS

W/HILE THE ABOVE MODELS PROVIDE A FRAMEWORK FOR CALCULATING FUTURE RAIN PROBABILITIES, SEVERAL LIMITATIONS
EXIST:

-DAaTA QUALITYZ TRANSITION PROBABILITIES DEPEND ON ACCURATE HISTORICAL DATA.

- CHANGING CONDITIONS: WEATHER PATTERNS CAN CHANGE DUE TO SEASONAL SHIFTS OR CLIMATE VARIABILITY.

- MoDEL ASSUMPTIONS: INDEPENDENCE ASSUMPTIONS OR MARKOV PROPERTIES MAY NOT FULLY CAPTURE COMPLEX
ATMOSPHERIC INTERACTIONS.

- MULTIPLE FACTORS: FACTORS LIKE HUMIDITY, TEMPERATURE, WIND PATTERNS, AND PRESSURE SYSTEMS INFLUENCE WEATHER
BUT ARE OFTEN SIMPLIFIED IN BASIC MODELS.

ADVANCED WEATHER FORECASTING TECHNIQUES

MODERN METEOROLOGY EMPLOYS SOPHISTICATED MODELS THAT INCORPORATE:

- NuMericaL WEATHER PreoicTion (NWP): UsSes MATHEMATICAL MODELS BASED ON PHYSICAL LAWS OF ATMOSPHERIC
DYNAMICS.

- STATISTICAL MODELS AND MACHINE LEARNING: ANALYZE LARGE DATASETS TO IDENTIFY PATTERNS AND IMPROVE FORECAST
ACCURACY.

- ENSEMBLE FORECASTING: RUNS MULTIPLE SIMULATIONS WITH SLIGHT VARIATIONS TO ESTIMATE UNCERTAINTY.

THESE TECHNIQUES AIM TO PROVIDE PROBABILISTIC FORECASTS THAT ARE MORE ACCURATE THAN SIMPLE MODELS, ESPECIALLY
FOR MULTI-DAY PREDICTIONS.



PrRACTICAL TIPS FOR INTERPRETING WEATHER PROBABILITIES

- 50-50 CHANCE: INDICATES HIGH UNCERTAINTY; PLAN ACCORDINGLY.

- HigHER ProBABILITIES (>70%): STRONGER LIKELIHOOD OF RAIN.

- LowEer ProBABILITIES (<309%): LESS LIKELY TO RAIN, BUT STILL POSSIBLE.

- Use oF MULTIPLE MoDELS: CONSULT VARIOUS FORECASTS FOR A COMPREHENSIVE VIEW.

- STAY UPDATED: WEATHER CONDITIONS CAN CHANGE RAPIDLY; RELY ON CURRENT FORECASTS AS THE DAY APPROACHES.

CONCLUSION

CALCULATING THE PROBABILITY OF RAIN THREE DAYS FROM NOW, GIVEN A 50-50 cHANCE TODAY, INVOLVES UNDERSTANDING
THE NATURE OF WEATHER DEPENDENCE, SELECTING APPROPRIATE MODELS, AND INTERPRETING TRANSITION PROBABILITIES.
ASSUMING INDEPENDENCE OVERSIMPLIFIES THE COMPLEX INTERPLAY OF ATMOSPHERIC FACTORS, BUT MODELS LIKE MARKOV
CHAINS OFFER A MORE NUANCED APPROACH BY CONSIDERING DEPENDENCIES BETWEEN DAYS.

IN PRACTICE, METEOROLOGISTS USE A COMBINATION OF STATISTICAL MODELS, PHYSICAL SIMULATIONS, AND REAL-TIME DATA
TO GENERATE PROBABILISTIC FORECASTS. WHILE SIMPLE CALCULATIONS CAN PROVIDE A ROUGH ESTIMATE—SUCH AS AN
87.50/0 CHANCE ASSUMING INDEPENDENCE—THE REAL~WORLD PROBABILITY MAY DIFFER DUE TO DEPENDENCE, CLIMATE PATTERNS
AND OTHER VARIABLES.

1

ULTIMATELY, GRASPING THE PRINCIPLES BEHIND THESE CALCULATIONS EMPOWERS INDIVIDUALS AND ORGANIZATIONS TO MAKE
INFORMED DECISIONS BASED ON WEATHER FORECASTS. WHETHER YOU'RE PLANNING OUTDOOR EVENTS, AGRICULTURAL
ACTIVITIES, OR TRAVEL, UNDERSTANDING THE PROBABILISTIC NATURE OF WEATHER PREDICTIONS ENHANCES PREPAREDNESS AND
ADAPTABILITY.

REMEMBER: W/EATHER IS INHERENTLY UNCERTAIN, AND PROBABILITIES REFLECT THE BEST AVAILABLE INFORMATION AT THE TIME.
ALWAYS STAY UPDATED WITH OFFICIAL FORECASTS, ESPECIALLY WHEN PLANNING CRITICAL ACTIVITIES.
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FREQUENTLY AskeD QUESTIONS

WHAT ASSUMPTIONS ARE MADE WHEN CALCULATING THE PROBABILITY OF RAIN IN 3
DAYS IF THERE'S A 50-50 CHANCE TODAY?

THE CALCULATION ASSUMES THAT THE WEATHER ON EACH DAY IS INDEPENDENT OF PREVIOUS DAYS AND THAT THE PROBABILITY
REMAINS CONSTANT AT 509% EACH DAY.

How DO INDEPENDENCE AND PROBABILITY AFFECT THE CALCULATION OF RAIN
PROBABILITY OVER MULTIPLE DAYS?

IF EACH DAY'S WEATHER IS INDEPENDENT WITH A 50% CHANCE, THEN THE PROBABILITY THAT IT RAINS ON A SPECIFIC FUTURE
DAY REMAINS 50%, REGARDLESS OF PREVIOUS DAYS' OUTCOMES.



\WHAT IS THE PROBABILITY THAT IT WILL RAIN EXACTLY ON THE THIRD DAY FROM
NOwW?

ASSUMING INDEPENDENCE AND EQUAL PROBARBILITY EACH DAY, THE PROBABILITY THAT IT DOES NOT RAIN ON THE FIRST TWO
DAYS AND THEN RAINS ON THE THIRD DAY 1S 0.5 0.5 0.5=0.125 or 12.5%.

How DO | CALCULATE THE PROBABILITY THAT IT WILL RAIN AT LEAST ONCE IN THE
NEXT THREE DAYS?

Y OU CAN CALCULATE THE PROBABILITY THAT IT DOES NOT RAIN AT ALL IN THREE DAYS (0.5%3 = 0.125), THEN SUBTRACT
THISFROM 1: 1-0.125=0.875 or 87.5%.

\WHAT IS THE PROBABILITY THAT IT WILL RAIN AT SOME POINT WITHIN THE NEXT THREE
DAYS?

IT'S THE SAME AS THE PROBABILITY THAT IT RAINS ON AT LEAST ONE OF THOSE DAYS, WHICH IS 1 MINUS THE PROBABILITY IT
DOESN'T RAIN AT ALL: 87.5%,.

IF THE CHANCE OF RAIN TODAY IS 509%, DOES THAT IMPLY THE SAME FOR THREE DAYS
FROM NOW?

NOT NECESSARILY. |IF WEATHER PATTERNS ARE INDEPENDENT AND PROBABILITIES ARE CONSTANT, THEN YES, THE CHANCE REMAINS
500/0. HO\X/EVER, REAL WEATHER SYSTEMS MAY NOT BE INDEPENDENT, SO ACTUAL PROBABILITIES COULD DIFFER.

CAN WEATHER FORECASTS IMPROVE THE ACCURACY OF PREDICTING RAIN IN THREE
DAYS?

YES, WEATHER FORECASTS USING METEOROLOGICAL MODELS CAN PROVIDE MORE PRECISE PROBABILITIES FOR SPECIFIC DAYS,
RATHER THAN ASSUMING A FIXED PROBABILITY LIKE 50%.

How DOES THE CONCEPT OF PROBABILITY INDEPENDENCE APPLY TO WEATHER
PREDICTIONS OVER MULTIPLE DAYS?

IF WEATHER ON EACH DAY IS INDEPENDENT, THE PROBABILITY REMAINS CONSTANT EACH DAY. HOWEVER, IN REALITY, WEATHER
OFTEN EXHIBITS DEPENDENCE, MEANING THE OUTCOME OF ONE DAY CAN INFLUENCE THE NEXT, AFFECTING THE CALCULATION'S
ACCURACY.

\WHAT IS THE GENERAL FORMULA TO COMPUTE THE PROBABILITY OF RAIN IN ‘N’ DAYS
GIVEN A CONSTANT DAILY PROBABILITY?

FOR AT LEAST ONE RAINY DAY IN N DAYS, THE PROBABILITY IS 1 MINUS THE PROBABILITY OF NO RAIN OVER ALL DAYS: 1 - (1 -
P)"N, WHERE P IS THE DAILY PROBABILITY (HERE, 0.5).

ADDITIONAL RESOURCES

IF THere Is A 50-50 CHANCE OF RAIN TobAY, CoMPUTE THE PROBABILITY THAT IT WiLL RAIN IN 3 DAYs From Now

INTRODUCTION



\W/EATHER FORECASTING HAS BECOME A FUNDAMENTAL ASPECT OF DAILY LIFE, INFLUENCING EVERY THING FROM PERSONAL PLANS
TO LARGE-SCALE ECONOMIC ACTIVITIES. AMONG THE VARIOUS METEOROLOGICAL CONCERNS, PREDICTING THE LIKELIHOOD OF
RAINFALL IS PARTICULARLY SIGNIFICANT DUE TO ITS IMPLICATIONS ON AGRICULTURE, TRANSPORTATION, AND DISASTER
PREPAREDNESS. A COMMON QUESTION THAT OFTEN ARISES IN CASUAL CONVERSATIONS AND TECHNICAL ANALYSES ALIKE IS: IF
THERE IS A 50-50 CHANCE OF RAIN TODAY, WHAT IS THE PROBABILITY THAT IT WILL RAIN THREE DAYS FROM NOW?

THIS INQUIRY DELVES INTO THE REALM OF PROBABILITY THEORY, REQUIRING AN UNDERSTANDING OF HOW WEATHER EVENTS ARE
MODELED, THE ASSUMPTIONS INVOLVED, AND THE POTENTIAL COMPLEXITIES THAT INFLUENCE FORECAST ACCURACY. IN THIS
COMPREHENSIVE ARTICLE, WE EXPLORE THE MATHEMATICAL FOUNDATIONS OF SUCH PROBABILITY ASSESSMENTS, EXAMINE THE

FACTORS AFFECTING WEATHER PREDICTIONS OVER MULTIPLE DAYS, AND ANALYZE THE IMPLICATIONS OF ASSUMING INDEPENDENCE
OR DEPENDENCE BETWEEN WEATHER EVENTS ACROSS CONSECUTIVE DAYS.

(UNDERSTANDING THE BASIC PROBABILITY FRAMEWORK

THe 50-50 CHANCE oF RAIN TobAY

\X/HEN METEOROLOGISTS STATE THERE IS A 50-50 CHANCE OF RAIN TODAY, THEY ARE TYPICALLY REFERRING TO A
PROBABILITY OF 0.5. THIS PROBABILITY IS DERIVED FROM VARIOUS MODELS, HISTORICAL DATA, AND CURRENT ATMOSPHERIC
MEASUREMENTS. IT IMPLIES THAT, BASED ON AVAILABLE INFORMATION, THERE IS AN EQUAL LIKELIHOOD OF RAIN OR NO RAIN
OCCURRING ON THAT PARTICULAR DAY.

IN PROBABILITY THEORY, THIS IS REPRESENTED AS!

- P(RAIN TopaY) = 0.5
- P(No Rain Topay) = 0.5

FROM THIS STARTING POINT, ONE CAN EXPLORE HOW TO PROJECT FUTURE PROBABILITIES, SPECIFICALLY FOR THREE DAYS HENCE.
Key ASSUMPTIONS IN PROBABILISTIC FORECASTING

BEFORE PROCEEDING, IT’S ESSENTIAL TO CLARIFY THE ASSUMPTIONS UNDERPINNING THESE CALCULATIONS:

1. INDEPENDENCE OF DAILY EVENTS:

THE SIMPLEST MODELS ASSUME THAT THE WEATHER ON ONE DAY IS INDEPENDENT OF THE WEATHER ON PREVIOUS DAYS. UNDER
THIS ASSUMPTION, THE PROBABILITY OF RAIN ON DAY N IS UNAFFECTED BY PRIOR DAYS’ WEATHER.

2. DepenDeENCE (MARKOVIAN) MODELS:

MORE SOPHISTICATED MODELS RECOGNIZE THAT WEATHER EXHIBITS TEMPORAL DEPENDENCE; FOR EXAMPLE, A RAINY DAY OFTEN
INCREASES THE LIKELIHOOD OF SUBSEQUENT RAINY DAYS DUE TO WEATHER SYSTEMS PERSISTING OVER MULTIPLE DAYS.

3. STATIONARITY:

MANY MODELS ASSUME THAT THE STATISTICAL PROPERTIES DO NOT CHANGE OVER TIME, MEANING THE PROBABILITY OF RAIN

TODAY IS SIMILAR TO THAT OF ANY OTHER DAY, WHICH IS OFTEN A SIMPLIFICATION.

IN REAL-WORLD WEATHER FORECASTING, THESE ASSUMPTIONS ARE ONLY APPROXIMATIONS. NONETHELESS, THEY PROVIDE A
STARTING POINT FOR PROBABILISTIC REASONING.

MODELING THE PROBABILITY OF RAIN IN 3 DAYS
SCENARIO 1: ASSUMING INDEPENDENCE

THE SIMPLEST CASE ASSUMES THAT EACH DAY'S WEATHER IS INDEPENDENT OF PREVIOUS DAYS’ WEATHER. UNDER THIS MODEL,
THE PROBABILITY OF RAIN ON A SPECIFIC FUTURE DAY REMAINS CONSTANT, REGARDLESS OF PAST WEATHER.

GIVEN:



- P(Rain Topay) = 0.5
- AssumpTIoN: P(RAIN IN 3 DAYS) = P(RAIN ON ANY GIVEN DAY) = 0.5

THEREFORE:
- THE PROBABILITY THAT IT RAINS EXACTLY ON DAY 3, ASSUMING INDEPENDENCE, IS SIMPLY O.5.

PROBABILITY THAT IT RAINS AT LEAST ONCE OVER THE NEXT 3 DAYS:

- 1 - PROBABILITY THAT IT DOES NOT RAIN ON ANY OF THOSE DAYS
-=1-(P(NoRaININDAY 1) P(No RaIN INDay 2) P(No RaIN INDaY 3))
-=1-(0.50.50.5)

1-0.125

-=0.875

IMPLICATION:
UNDER THE INDEPENDENCE ASSUMPTION, THERE'S AN 87.5% CHANCE THAT IT WILL RAIN AT LEAST ONCE OVER THE NEXT THREE
DAYS.

SCENARIO 2: INCORPORATING DEPENDENCE - MARkOV CHAIN APPROACH

REALISTICALLY, WEATHER PATTERNS TEND TO BE CORRELATED OVER CONSECUTIVE DAYS. FOR INSTANCE, A RAINY DAY OFTEN
INCREASES THE CHANCE OF RAIN THE NEXT DAY DUE TO ATMOSPHERIC PERSISTENCE.

MODELING WITH A MARkoV CHAIN:

- DEFINE STATES:
- R: RAIN
- N: No RAIN

- TRANSITION PROBABILITIES:
- P(R | R): PROBABILITY IT RAINS TOMORROW GIVEN IT RAINED TODAY
- P(R | N): PROBABILITY IT RAINS TOMORROW GIVEN IT DID NOT RAIN TODAY

SUPPOSE HISTORICAL DATA SUGGESTS:
-P(RIR)=0.6
-P(RIN)=0.3

THESE VALUES REFLECT THAT, IF IT RAINED TODAY, THERE'S A 609 CHANCE IT WILL RAIN TOMORROW  IF IT DID NOT RAIN
TODAY, THERE'S STILL A 309 CHANCE OF RAIN.

COMPUTING THE PROBABILITY THAT IT RAINS IN 3 DAYS:

- STARTING WITH THE INITIAL PROBABILITY:

- P(RaIN TopAY) = 0.5,

- P(No raIN TODAY) = 0.5

- THE PROBABILITIES EVOLVE RECURSIVELY:

- P(Rain on DAY 2) = P(RaIN Topay) P(R | R) + P(No raIN Tobay) P(R | N)

- SIMILARLY FOR SUBSEQUENT DAYS.

CALCULATIONS:

-Day 1:
-P(R1)=0.5
-P(N1)=0.5
- DAY 2:

-P(R2) =P(R1)P(RIR) +P(NT)P(RIN)



-=(0.50.6)+(050.3)=0.3+0.15=0.45

- DAy 3:

-P(R3) =P(R2) P(R|R) + P(N2) P(RN)
- FirsT, compuTE P(N2):

-P(IN2) =P(N1)P(N|IN) +P(R1)P(N|R)
-PININ)=1-P(R|N)=0.7
-P(NIR)=1-P(R|IR)=0.4

-P(N2)=(0.50.7) +(0.50.4)=0.35+0.2=0.55

- Now, P(R3):
-=(0.450.6) +(0.550.3)=0.27 + 0.165 =0.435

RESULT:
- THE PROBABILITY OF RAIN ON DAY 3, USING A MARKOV MODEL WITH DEPENDENCE, IS APPROXIMATELY 43.5%,.

INTERPRETATION:

COMPARED TO THE 500/0 INITIAL PROBABILITY, THE DEPENDENT MODEL SLIGHTLY REDUCES THE CHANCE OF RAIN IN THREE DAYS,
REFLECTING THE PERSISTENCE AND TRANSITION DYNAMICS OF WEATHER PATTERNS.

BroADER CONSIDERATIONS AND REAL-W/ ORLD IMPLICATIONS
LIMITATIONS OF SIMPLISTIC MODELS

W/HILE THE ABOVE MODELS ILLUSTRATE CORE CONCEPTS, ACTUAL WEATHER PREDICTION IS FAR MORE COMPLEX. SEVERAL
FACTORS INFLUENCE THE ACCURACY AND RELIABILITY OF SUCH PROBABILISTIC FORECASTS:

- DATA QUALITY AND QUANTITY:
ACCURATE TRANSITION PROBABILITIES DEPEND ON EXTENSIVE HISTORICAL WEATHER DATA.

- MobeL COMPLEXITY:
SOPHISTICATED MODELS INCORPORATE ATMOSPHERIC PHYSICS, SATELLITE DATA, AND ENSEMBLE FORECASTING TECHNIQUES,
WHICH GO BEYOND SIMPLE MARKOV CHAINS.

- TEMPORAL V ARIABILITY:
W/EATHER PATTERNS ARE SUBJECT TO SEASONAL AND CLIMATE VARIABILITY, MAKING STATIONARITY ASSUMPTIONS

QUESTIONABLE.

- SPATIAL DEPENDENCE:
W/EATHER IN DIFFERENT REGIONS CAN BE INTERCONNECTED, REQUIRING SPATIAL-TEMPORAL MODELS.

PrACTICAL USAGE OF PROBABILITIES IN FORECASTING

METEOROLOGISTS REGULARLY COMMUNICATE FORECAST PROBABILITIES, OFTEN EXPRESSED AS PERCENTAGES (E.G., “30%
CHANCE OF RAIN"). THESE PROBABILITIES ARE NOT DETERMINISTIC PREDICTIONS BUT REFLECT DEGREES OF CONFIDENCE BASED ON
MODELS AND DATA.

IN PERSONAL DECISION-MAKING, UNDERSTANDING THAT A 50% CHANCE OF RAIN TODAY DOES NOT DIRECTLY TRANSLATE INTO A

500/0 CHANCE THREE DAYS FROM NOW. |NSTEAD, THE FORECAST FOR FUTURE DAYS DEPENDS ON THE MODELS' ASSUMPTIONS
ABOUT WEATHER SYSTEM PERSISTENCE AND VARIABILITY.

CONCLUSION

THe QUESTION “IF THERE Is A 50-50 CHAaNcE OF RaIN Tobay, CoMPUTE THE PROBABILITY THAT IT WiLL RAIN IN 3 DAYS



FroM Now” IS A DECEPTIVELY SIMPLE YET PROFOUNDLY COMPLEX PROBLEM THAT EXEMPLIFIES THE INTERSECTION OF
PROBABILITY THEORY, METEOROLOGY, AND DATA SCIENCE.

UNDER THE ASSUMPTION OF INDEPENDENCE, THE PROBABILITY REMAINS AT 500/0, AND THE CHANCE OF EXPERIENCING RAIN AT
LEAST ONCE OVER THE NEXT THREE DAYS IS HIGH—AROUND 8750/0 HO\X/EVER, WHEN INCORPORATING DEPENDENCIES VIA
MARKOVIAN MODELS, THE PROBABILITY ADJUSTS, OFTEN DECREASING OR INCREASING BASED ON THE PERSISTENCE OF WEATHER
PATTERNS.

IN REAL-WORLD APPLICATIONS, METEOROLOGISTS LEVERAGE ADVANCED MODELS THAT ACCOUNT FOR ATMOSPHERIC DYNAMICS,
SPATIAL CORRELATIONS, AND TEMPORAL DEPENDENCIES TO PRODUCE THE MOST ACCURATE FORECASTS POSSIBLE. For
INDIVIDUALS AND ORGANIZATIONS, UNDERSTANDING THE LIMITATIONS AND ASSUMPTIONS BEHIND THESE PROBABILITIES IS CRUCIAL
FOR MAKING INFORMED DECISIONS.

ULTIMATELY/ WHILE MATHEMATICAL MODELS PROVIDE VALUABLE INSIGHTS, WEATHER REMAINS INHERENTLY UNCERTAIN.
RECOGNIZING THE PROBABILISTIC NATURE OF FORECASTS FOSTERS BETTER PREPAREDNESS AND ADAPTIVE PLANNING, REGARDLESS
OF THE SPECIFIC PROBABILITIES INVOLVED.
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