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Abstract

That a weather forecast cannot reach beyond a certain horizon is due neither to missing equations nor to slow

computers.This paper asks what sets the limit——the answer is one number, the error doubling time .No new

mathematical theorem and no new law is claimed. First, the price per day is a fixed factor.With  days, each

extra day costs  times the initial accuracy (Section 2). Second, this is the core of the paper.Going from  to

 days costs  times; to  days,  times; to  days,  times (Section 2). Third, read

backwards, the return is logarithmic.Observing  times more precisely gains only  days (Section 3). Fourth,

even  times gains only  days (Section 3). Fifth, the familiar “about two weeks” comes from here.If the initial

error is  of saturation, the forecastable span is  days (Section 4). Sixth, the separator is  itself.At

 day the same extension costs  times; at  days only ——everything rides on one number

(Section 5).

— —



Scope of this paper (scope note): No new mathematical theorem and no new law is claimed——exponential error

growth, the doubling time, the limit of predictability, and the value  days are all standard.We do not build

meteorology——all we use is one exponential and its inverse.We do not discuss chaos——the Lorenz equations,

attractors, and bifurcations are not treated at all.We do not discuss numerical weather prediction——grid resolution,

parameterisation, and data assimilation are not treated.We do not say the error grows exactly exponentially——

holds only while the error is small, and growth stops near saturation. The computations here are confined to the

linear-growth regime.We assert no value for ——  days is a representative value widely used in the literature, and

it moves from about  to  days with season, region, and variable. Section 5 shows the size of that dependence

itself.We do not say there is a single exponent——the real atmosphere has different growth rates at different scales,

with smaller eddies growing faster. A single  is a crude approximation.We do not deny that forecasts improve——

forecasts have in fact grown longer. What this paper says is only that the growth is logarithmic, not that improvement

is pointless.Relation to earlier papers: Paper 253 showed that time is one-dimensional because prediction demands it,

not because a law says so——this paper turns how far that demand can be met into a number.Paper 195 separated

“stable” into six words——that paper is a classification of stability; this one is a time scale of predictability, the same

hyperbolicity as material with a different question.Paper 190 measured “rare” on a logarithmic scale——the return

here is likewise logarithmic.Paper 266 showed that the premise of the sampling theorem is never met——“knowing the

initial state exactly” here is likewise a premise never met, the same figure.What is added is writing the price per day as

the fixed factor , computing the accuracy needed for  days as  /  / ,

writing backwards that  times the observation gains only  days, and sweeping  from  to  to show the

answer moving from  to .

1. Notation, and One Number

Setting: A small error  in the initial state grows as

Here  is the time for the error to double, taken as about  days for the atmosphere.

Check 1.1:

Quantity Value

Doubling time  days

 per day

Question: To extend a forecast, what must be improved, and by how much?



Observation 1.2

The span  over which a forecast holds runs until the error reaches a useless size .Solving

,

——the initial accuracy enters only inside a logarithm.

2. The Core:  Times per Day

Check 2.1: The factor needed to extend  by one day is .

Quantity Value

Accuracy factor per day, 

Observation 2.2

 per day, and the factor is the same wherever the day is added.The day at  and the day at  cost

the same ——but they compound.

Check 2.3: We compound from a base of  days.



Extension Doublings Accuracy factor required

 days

 days

 days

 days

 days

 days

 days

 days

 days

Observation 2.4

This is the core of the paper.One more week costs  times, two weeks , six weeks  billion——the

extension adds while the price multiplies.

Observation 2.5

 days costs a mere .The same “two more days” from  to  requires a starting accuracy

already  times better——the factor is constant; the starting point is not.

3. Read Backwards:  Times the Observation,  Days

Setting: In practice the question runs the other way——make the observing network  times more precise, and how

many days does the forecast gain?The answer is .

Check 3.1:



Accuracy factor Days gained, 

Observation 3.2

Observing  times more precisely gains only  days.Halving the error buys exactly  days——

which is the definition itself.

Observation 3.3

Even  times gains  days.Put an instrument in every cubic metre on Earth and you still do not reach

two months——because the return is logarithmic.

Observation 3.4

Paper 190 wrote that “rare” is measured on a logarithmic scale.Here the relation between resource and

result is itself logarithmic——the input multiplies while the output only adds.

Observation 3.5

A point to write honestly——forecasts have in fact grown longer.What this paper describes is the shape of

that growth, not that improvement is pointless——five days of improvement is the fruit of the enormous

labour of a -fold gain in accuracy.



4. “About Two Weeks” Comes from Here

Setting: The forecastable span is set by how small the initial error  is against the saturation error .

Check 4.1:

Forecastable span 

 days

 days

 days

 days

Observation 4.2

If the initial error is  of saturation, the forecastable span is  days.The familiar “the limit of

forecasting is about two weeks” comes from this single line——that two-week figure is fixed by just two

things:  and the initial accuracy.

Observation 4.3

What acts here is not the complexity of the equations.Solve the Navier--Stokes equations perfectly and you

still exhaust the forecast in  days at  initial accuracy——the limit lies on the input side, not the

solver side.

Observation 4.4

Paper 266 showed that the premise of the sampling theorem is never met.“Knowing the initial state exactly”

is likewise a premise never met——the theorem correct and the premise out of reach, the same figure.



5. Separator: Everything Rides on 

Observation 5.1

Separator——what must be moved for the answer to change?Only .

Check 5.2: We sweep  and look at the answer to the same question.

 [days] Accuracy factor for  days Days gained by  observation

Observation 5.3

Moving  from  to  takes the required accuracy from  to , a factor of .The whole

enterprise of forecasting rides on this one number——so measuring  matters as much as extending the

forecast.

Observation 5.4

A point to write honestly——the real atmosphere has no single .Growth rates differ by scale, with smaller

eddies growing faster——the single  here is a crude approximation, and what can be shown is the

structure, not the value.

Observation 5.5

Paper 195 separated “stable” into six words.That  is finite at all is due to hyperbolic instability, but this

paper does not enter that classification——that paper separates by what is perturbed; this one only turns

the speed of growth into a number.



Observation 5.6

Paper 253 showed that time is one-dimensional because of the demand that prediction be possible, not

because a law says so.This paper is its continuation——that demand is met only out to  days.

6. Roll Call and Closing

1.  per day (Check 1.1): From  days.

2.  per day (Check 2.1): The same factor wherever added.

3.  days costs  (Check 2.3): The price of one week.

4.  days costs  (Check 2.3): Two and a half weeks.

5.  days costs  (Check 2.3):  billion for six weeks.

6.  observation gains  days (Check 3.1): The return is logarithmic.

7.  gains  days (Check 3.1): Not even two months.

8.  gives  days (Check 4.1): The source of “about two weeks.”

9.  costs  (Check 5.2):  costs .

10. A factor of  (Observation 5.3): All of it on one number.

Closing: What sets the limit of forecasting is neither the equations nor the computers, but one number, the error

doubling time .At  days, each extra day costs  times the initial accuracy——the factor is the same

wherever the day is added, but the extension adds while the price multiplies, so one week costs , two weeks ,

six weeks  billion.Read backwards, observing  times more precisely gains only  days, and even  times

gains .The familiar “about two weeks” comes from this one line——  days at an initial error of  of

saturation.One thing separates them——  itself.At  day the same extension costs ; at  days, .A

factor of  arises from a single number.So the work of extending forecasts and the work of measuring  carry the

same weight.
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