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Abstract

If molecules are replaced within a few years, it is easy to assume an added amount also vanishes within a few

years.This paper counts, in a model of two linked reservoirs, that the time a molecule stays and the time an excess

takes to vanish are different quantities.No new theorem or law is claimed. First, one molecule stays in the air for

 years on average: if a share  leaves each year, that is the air’s amount divided by the outgoing flow

(Section 1). Second, and this is the core. An added excess stays far longer than molecular residence suggests: after 

years the closed pair of reservoirs still holds , which is  times the  expected

from molecular residence alone (Section 2). Third, the part above equilibrium falls faster than molecular residence,

but then the fall stops: the excess approaches the equilibrium share  with a time constant of  years

and is still  after  years. Once the partner fills, excess that left comes back (Section 3). Fourth, even with

an exit, the last decline is slow: if a share  leaves the partner each year, the excess after  years is 

and the remaining decline has a time constant of  years,  times the molecular residence

(Section 3). Fifth, the numbers were obtained two ways and matched: Runge--Kutta integration matched the exact

solution for the closed pair and the eigenvalue solution with the exit, all within  (Sections 2 and 3). Sixth, the

separator is whether one asks about molecules coming and going or about where the excess can go: molecules

coming and going are set by the outgoing share alone; where the excess can go is set by the partner’s capacity and its

exit (Section 4). Keywords: residence time, box model, equilibrium, time constant, eigenvalue, model.
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Scope of this paper (scope note): No new theorem or law is claimed: reservoirs linked by first-order rates, residence

time as amount divided by flow, and the difference between molecular residence time and the time for an added excess

to return, are all distinctions known in atmospheric chemistry.No real values are claimed: the outgoing share , the

partner’s size  and the exit  are model values matching no gas, atmosphere or ocean.No chemistry is included:

loss by reaction and changes in temperature or solubility are not included.No reservoirs are added: the partner is one

reservoir, and mixing within it is not treated.Climate is not discussed. What effects the excess has, or how it should be

reduced, is not treated.Relation to earlier papers: Paper 549 showed that the time inside changes almost sixfold while

“number inside  arrival rate  time inside” does not move. This paper stands beside it. The molecular residence of

 years follows from that relation, but the decline of an added excess does not; the partner reservoir sets

it.What is added is laying out molecular residence and the remaining excess in the same model, measuring that after 

years  times the expected excess remains, obtaining the slow time constant of  years from

eigenvalues and matching it to integration, and placing the separator on molecules coming and going versus where the

excess can go.

1. Notation and the Question

Setting: let  be the excess in the air and  the excess in the partner reservoir.With  the share leaving the air, 

the share returning from the partner, and  an exit from the partner, they are linked as follows.

We set  per year and  (at equilibrium the partner holds  times the air’s amount), with two cases

for the exit:  (closed) and  per year.An excess of  was added to the air, with  in the

partner.Numbers were obtained by Runge--Kutta integration (step  years,  steps in total).

Question: if molecules are replaced in  years, does an added excess also vanish in about  years?

2. Molecular Residence and the Remaining Excess

Computation 2.1: the excess left in the air was compared for the closed pair, the pair with an exit, and the value 

expected from molecular residence alone.



years closed pair with exit molecular residence only

Observation 2.2

this is the core. An added excess stays far longer than molecular residence suggests.After  years the closed

pair holds , which is  times the  expected from molecular residence

alone: molecules are replaced in  years, but part of the excess that left comes back from the partner.

Observation 2.3

the integration matches the exact solution.The closed pair’s excess is , and it differed

from the integration by less than  at all three times: the total of the two reservoirs stayed at .

3. Equilibrium and Time Constants

Computation 3.1: the closed pair’s equilibrium and time constant, and the two time constants with the exit, were

computed.



quantity value

molecular residence  years

closed pair: share left in air at equilibrium

closed pair: time constant  years

with exit: fast time constant  years

with exit: slow time constant  years

slow time constant  molecular residence

weight of the slow part

Observation 3.2

the part above equilibrium falls faster than molecular residence, but then the fall stops.The time constant of

 years is shorter than the molecular residence of  years: but only the part above

equilibrium declines, and the closed pair’s excess never drops below . The slow eigenvalue becomes

 when the exit is set to , so the excess does not vanish.

Observation 3.3

even with an exit, the last decline is slow.If a share  leaves the partner each year, the part of the excess

with weight  declines with a time constant of  years:  times the molecular

residence. The eigenvalue solution differed from the integration by less than  at all three times, and

the excess after  years was .



4. The Separator

Observation 4.1

the separator is whether one asks about molecules coming and going or about where the excess can

go.Molecules coming and going are set only by the share  leaving the air, where the excess can go is set by

how much the partner can hold ( ) and how much leaves it ( ). Exchange replaces molecules; it does not

remove the excess.

Observation 4.2

placed beside Paper 549.549 showed that “number inside  arrival rate  time inside” does not move while

the time inside changes almost sixfold: the molecular residence of  years is the air’s amount divided

by the outgoing flow under that relation. The decline of an added excess does not follow from it; the partner

reservoir, with its returning flow, sets it.

Observation 4.3

what is not said.Real gases, atmospheres and oceans, chemical reactions, temperature changes, and the

effects or reduction of the excess are not treated. What is shown is that, in one and the same model, the time

a molecule stays and the time an added excess takes to vanish are different quantities.

5. Census and Closing

1. molecular residence  years (Computation 3.1): amount over flow.

2. excess after  years  (Computation 2.1): closed pair.

3.  times the expectation (Observation 2.2): the core.

4. time constant  years (Computation 3.1): shorter than molecular residence.

5. never below the equilibrium  (Observation 3.2): it comes back.

6. with exit,  after  years (Computation 2.1): exit .

7. slow time constant  years (Computation 3.1): from eigenvalues.

8.  times molecular residence (Observation 3.3): the last decline.



9. integration and solutions within  (Observations 2.3, 3.3): independent.

10. molecules coming and going, or where the excess can go (Observation 4.1): the separator; Paper 549.

Closing: The time one molecule spends in the air is not the time an added excess takes to vanish.If a share  leaves

the air each year, one molecule stays  years on average, yet an added excess still stands at  after 

years,  times what molecular residence alone would leave, because part of the excess that left comes back

from the filled partner.The excess approaches the equilibrium share  with a time constant of 

years and, without an exit, falls no further: with an exit of , the remaining decline has a time constant of

 years,  times the molecular residence.Placed among the earlier papers: beside the molecular

residence that follows from Paper 549’s “number inside  arrival rate  time inside”, we placed the decline of an

excess that does not follow from it.To be honest: rates and reservoir sizes are model values, and chemical reactions,

temperature changes and mixing within reservoirs are not included.
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