
Ouch.
Why the Earth has never had a reflex, and what it takes to give it 
one
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Put your hand on a hot stove and something remarkable happens. You flinch. Your 

hand is gone before you feel anything. The signal runs from your skin to your spinal cord 
and back to your arm in about a tenth of a second. The burn, the feeling, the word "ouch" 
arrives a few tenths of a second later, after the danger has already been handled. Your 
body did not wait for you. It could not afford to.

Now put a river on the stove. A tank leaks upstream. Pollution enters the water and 
moves downstream at about the pace of a walk. It passes a town, then another, then a 
hundred. Somewhere a sample is taken and sent to a lab. A report is written. A meeting 
is scheduled. A notice is issued. Months later, sometimes years later, a rule changes. The 
river had no reflex. The first thing that could act on its behalf was a conversation. 
Environmental law is the sound a civilization makes after the burn. It is ouch without 
the flinch.

That difference, between the hand and the river, is the whole subject of this essay. For a 
century we have explained our failure to protect the living world as a failure of caring. 
Too little money, too little courage, too little interest. I have spent twenty-five years as an 
environmental lawyer on the Gulf Coast of Texas, reading the reports that arrive after 
the harm, and I no longer believe that story. Caring was never the missing ingredient.  
Speed was. We have never lacked the ouch. What we have never built is the flinch, and 
a flinch is now something we can build.
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The body runs on loops you never think about

You are alive right now because thousands of loops are closing inside you without your 
permission. Your pupils narrow when the light changes. Your heart speeds up on the 
stairs. Your balance corrects itself a dozen times before you notice you were tipping. 
Your senses deliver something like a billion bits of information every second, and the 
part of you that thinks in words handles about forty. Everything else is handled below 
the level of thought, by loops that close faster than thinking can.

In 1911 the philosopher Alfred North Whitehead wrote a sentence that turns out to be 
one of  the deepest  observations ever made about how complex things survive and 
evolve: "Civilization advances by extending the number of important operations which 
we can perform without  thinking  about  them."  He compared conscious  thought  to 
cavalry charges in a battle: strictly limited in number, needing fresh horses, to be used 
only at decisive moments. Thinking is precious and slow. The trick of every successful 
organism, and every successful civilization, is to spend it only where it is needed and let 
everything else run on reflex.

Here  is  the  part  Whitehead  did  not  say,  and  it  matters.  An  operation  becomes 
"unthinking" at the exact moment its loop closes faster than thought does. A reflex is 
unthinking because it finishes in a tenth of a second and your mind hears about it  
afterward. The body is not divided into thinking parts and unthinking parts. It is divided 
into fast loops and slow loops, stacked, each one catching what the one above it is too 
slow to catch.

Every act of environmental protection is a loop with a 
clock

Protecting anything, a child, a river, a planet, is not a feeling. It is a loop. Something 
senses a change. The signal reaches something that can understand it. A decision is made. 
Something acts. Sense, understand, decide, act. Then around again.

The loop has a clock. The time from the moment harm begins to the moment something 
effective is done about it is a number, and it can be measured. Call it the latency of the 
loop.
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For the living world, that number has been catastrophically large. In the United States, a 
species waits a median of twelve years for protection under the Endangered Species Act. 
When scientists find that a pollutant in the air is harming people, the wait from the 
finding to  an enforced standard has run fifteen to  twenty-five years.  The Montreal 
Protocol, the treaty everyone cites as a triumph of fast action, took thirteen years from 
the first scientific warning about the ozone layer to a signed agreement, and the ozone 
layer over Antarctica is not expected to heal until around 2066.

Now measure the other side. An chemical spill in a river moves about a meter a second. 
A chlorine cloud from a ruptured rail car moves with the wind; in a ten-mile-an-hour 
breeze it crosses a mile of homes in six minutes. The exhaust of a morning commute has 
become ozone by the middle of the afternoon. A harmful algal bloom doubles in about a 
day. The harms we most need to stop unfold in minutes, hours, and days. The loops we 
built to stop them close in years and decades.

That is a mismatch of thousands to millions to one. No budget closes it. No passion closes 
it. Only speed closes it. The standard has a name, and it has never once been met: care at 
the speed of harm.

The math lawmakers can finally use.

There is a branch of mathematics that studies loops. It is called control theory, and it is 
the reason airplanes fly and power grids stay on. For most of history, its central result 
could only explain why the law was always late. Now it can tell the law what to build,  
and it is simple enough to feel in your own hands.

Think of a shower with a long pipe between the knob and the head. You turn it toward 
hot. Nothing happens, because the hot water has not arrived yet. You turn it more. Still  
cold. You turn it more. Then it arrives all at once and scalds you, so you spin it toward 
cold, and nothing happens, and you spin it more, and then the ice hits. You are not a bad 
shower operator. You are a good operator trapped behind a delay, and the delay has 
turned you into the problem. The harder you try, the worse it gets.

Control theory makes that shower exact. For any loop that corrects a problem at some 
rate but sees the problem some delay late, there is a hard line. Multiply the rate of 
correction by the delay, and the product must stay below a number a little over one and 
a half. Cross it and your corrections arrive out of phase and feed the very thing you are 
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fighting. Delay forces a choice: correct weakly and never catch up, or correct hard and 
make it worse. There is no third option except to shrink the delay.

The same mathematics gives a rule of thumb for how fast a loop must be to do any good 
at all. To remove nine tenths of a disturbance, the loop must close in about one eightieth 
of the time the disturbance takes to unfold. If the loop is a tenth as fast as the disturbance, 
it does nothing. The harm passes straight through. This is not a preference. It is the 
physics of feedback, the same physics that keeps a jet level in turbulence.

Put the two sides together and you get a table that should hang in every environmental 
agency in the world:

To cut this disturbance by ten times the loop must close within

a leak that escalates in an hour 45 seconds

a bloom that doubles in a day 18 minutes

a problem unfolding over ninety days 1 day

a change unfolding over a decade 6 weeks

a change unfolding over a century 1 year

Now look at the loops we have today. Count from the moment the harm begins, and 
count only the loops in which people must find out, understand, get permission, and act. 
Anyone who acts at once under a rule written in advance is a reflex, not a deliberation, 
and belongs to the flinch described below. One person doing all four steps takes about a 
day. Turn the one-eightieth rule around and a one-day loop can cut tenfold only those 
harms that take eighty days or longer to do their damage, about a quarter of a year. An 
agency, in the ordinary course, takes about a month, so it can cut tenfold only harms that 
take seven years or longer. A new law or regulation takes about three years, so it can cut 
tenfold only harms that take more than two centuries.

Read  that  once  more.  As  a  loop,  lawmaking  holds  the  problems  that  unfold  over 
generations: lead in gasoline, the ozone layer, the climate. It cannot catch a spill, a bloom, 
a fire, a leak, or the illegal discharge at midnight. For those, the trouble is not that our 
institutions are slow. It is that, from the harm's point of view, they are not there at all. 
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The harm passes through them the way light passes through a window, and the rule 
arrives afterward.

What the rule can do afterward is real, and the argument does not need to deny it. It can 
punish, and punishment deters. It can require that faster loops be built, and many exist 
only because a rule demanded them. But a penalty is  not a flinch.  It  is  a memory. 
Punishment is what the ouch is for: it teaches, and it changes the next release, not this 
one. And it teaches only when the release is seen. The two loops are not rivals. The flinch 
catches this one, the law makes the next one less likely, and the flinch is what can let the 
law know it happened at all.

That is the sentence at the center of this essay. To stop a harm, you have to be much 
faster than the harm. For the harms that do their damage in minutes, hours, and 
days . . . no committee, agency, or law will ever be. Not because humans do not care. 
Because of arithmetic: a loop must run about eighty times faster than the harm it holds.  
The line is a measurement of us, not of nature, and today it sits here: a harm that does 
its damage in less than about a quarter of a year is beyond the fastest person with the 
authority to act; in less than about seven years, beyond an agency in the ordinary course; 
in less than about two centuries, beyond a law. The planet does not need a better ouch. 
It needs a flinch.

The medieval clock we still keep

Consider  how old  this  problem is.  In  1388  the  English  Parliament  commanded the 
justices of every county to sit four times a year, and for the next six centuries, until 1972, 
local justice in England was administered by courts called Quarter Sessions. They tried 
crimes, repaired roads and bridges, ran the jails, and inspected the asylums, four times 
a year. Rents fell due and tenancies began and ended on the four quarter days, Lady Day, 
Midsummer, Michaelmas, and Christmas. The colonies carried the practice to America. 
The modern world keeps it as the fiscal quarter.

Why four? Nothing in nature required it. Four was about how fast a human institution 
could gather the facts, weigh them, and change course. Count, judge, correct, four times 
a year. The quarter is not a unit of time. It is a measurement of the speed of a human 
institution, taken in the fourteenth century and never revised.



O U C H .                                       J E D  A N D E R S O N

—  7  —

Environmental law inherited the rhythm without noticing. Leaks at a chemical plant are 
hunted on a quarterly walk. Excess emissions are reported by the quarter or the half-
year.  Wastewater discharges are logged monthly and reviewed by the quarter.  The 
quarter is a fossil. It records the speed of the loop that wrote it, at a time when the fastest 
thing a court had to catch was a horse thief. The threats have since learned to move in 
minutes. The institution still moves in quarters.

The wire we tried to run a planet through

Why was the loop so slow? Not because messages traveled slowly. The telegraph fixed 
that in the 1800s, and fiber optics finished the job. Not because we could not see; satellites 
now photograph the entire land surface of the Earth every day, and a good sensor costs 
less than a cup of coffee. The slow part was in the middle. Understanding.

For all of human history, the thing that turned observations into understanding was a 
human mind,  and  human minds  talk  to  each  other  through  a  wire  of  astonishing 
thinness. In 2019 a team of linguists measured the information rate of human speech 
across seventeen languages. Some languages are spoken fast and carry little per syllable; 
some are spoken slowly and carry a lot. The product was the same everywhere: about 
thirty-nine bits per second. The first commercial computer modem, in the late 1950s, ran 
at one hundred and ten. Every environmental law ever written was a sentence before it 
was a statute, forced through that thirty-nine-bit wire into one mind, then the next, one 
at a time, until enough minds held the idea to move an institution. That is the wire we 
tried to run a planet through.

Between 2022 and 2025, something changed that had never changed before. Artificial 
intelligence. Systems that could take in measurements and infer meaning in seconds. A 
camera can watch a flare and know when it starts to smoke. A model can listen to the 
vibration of a pump and know that a seal is about to fail. A model can read the electrical 
draw of a scrubber fan and know, within seconds, that the scrubber has been bypassed. 
A fenceline monitor can tell which unit a benzene reading came from while the plume 
is still in the air. Pieces of this existed before, expensive and one at a time; what is new 
is understanding that is general, cheap, and awake all the time. Each of these is a decision 
made from a pattern in the data, the way your phone recognizes a face, and each can be 
wired to an action: a valve closes, a pump stops, a line is isolated, before a person has  
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been  paged.  That  is  a  flinch.  The  understanding  stage,  the  pole  that  held  every 
environmental loop open for the entire history of environmental protection, fell. Sensing 
had already fallen. Transmission fell  a century ago. For the first time, all  three are 
becoming fast at once.

Build the flinch

So what should we build? The thing your body already is: a stack of loops, fast ones  
underneath, slow ones on top, each catching what the others cannot.

Underneath,  a  machine  loop.  Sensors  that  never  blink,  models  that  understand  in 
seconds, rules that people wrote in advance, and actuators that act: a valve closes, a 
pump stops, a gate opens, a crew is dispatched, an alarm reaches the right person before 
the plume reaches the fence. No human in the path, because a human in the path is a 
delay in the path. Humans set every threshold, receive every alert, can override any 
action, and audit every trip. But nothing waits for them. That is the flinch.

On top, the human loop, running at the speed of thought and law. Values. Rules. Consent. 
Judgment. What counts as harm. Where the lines are. Which risks are worth taking. Who 
is accountable. This loop is slow because it should be. Deciding what we owe a river is 
not a reflex. This is where the ouch belongs. Your body does not skip the ouch; it refuses 
to wait for it. The feeling, the judgment, the rule are what a mind is for. They were never 
meant to be the whole response.

You already trust exactly this arrangement every time you drive a modern car. When 
you slam the brakes on ice, the antilock system pumps them about fifteen times a second. 
You could not do that with your foot if your life depended on it, and sometimes it does. 
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The fast loop does not take the driving away from you. It hands you a car you can actually 
steer. The reflex below makes the intention above possible.

And here is the twist the mathematics delivers. Control theory says the slow loop must 
be  at  least  three  times  slower  than the  fast  loop,  or  the  two fight  each other  and 
destabilize the whole system. Human slowness, the thing we have blamed for a century, 
turns out to be a design requirement once the fast loop exists. We were never the wrong 
speed. We were the only loop.

Industry has known all of this for fifty years. A refinery runs thousands of automatic 
loops, each closing about once a second, on the temperatures and pressures that make 
its products. The fence line, where the plant meets the world, runs on a reporting cycle, 
and the plant did not design that loop; the law did, in the 1970s, out of the only tools it 
had: a sample,  a form, and a deadline. The plant has a nervous system for making 
product and a postal service for what crosses the fence line. And the postal service has 
never been the plant's  friend.  The reporting cycle is  what brings the inspector,  the 
lawsuit, and the neighbor's complaint into the control room, months after the fact. A 
flinch at the fence line is the opposite. A release caught in seconds is a small release. It 
may still  need a report,  and sometimes an explanation,  but the report is  short,  the 
explanation is the record of the catch, and small releases rarely draw an inspector or a 
lawsuit. Extending the nervous system across the fence line is not a new invention. It is  
the same loop with a new setpoint, and it is the surest way ever found to keep the world 
out of a plant's business: give the world nothing to find, because nothing got out.

The floor falls. The line holds.

There are two boundaries in this picture, and they behave differently.

The lower one is the machine floor: the fastest loop that can be built. It has been falling 
for two centuries and is still falling. A decade ago a sensor reported to a cloud, a model 
flagged the reading, and a person was paged to go turn a valve; that loop closed in about 
ten minutes and could hold nothing faster than half a day. Today a model on a chip 
beside the sensor decides in a hundredth of a second and the valve begins closing on its  
own; that loop closes in about ten seconds and holds anything slower than a quarter of 
an hour. Physics puts a floor under all of it. Messages cannot outrun light. Computation 
cannot get cheaper than Landauer's limit, about three billionths of a trillionth of a joule 
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to erase one bit at room temperature, and today's chips spend roughly a hundred million 
times that. There is a long way to fall.

What approaching Landauer's limit buys is not speed but number. Computation cheap 
enough that a single watt runs a billion loops a second means every valve, every outfall, 
every stack, every stretch of river can be watched, all the time, at little to no cost. That is 
Whitehead's word exactly: the number of operations we can perform without thinking. 
The floor falling means the flinch spreads, first over the minutes, then the hours, then 
the days, then, because watching a decade-long drift costs no more than watching a leak, 
over the years.

The upper boundary is the human line, near ninety days today. Technology does not set 
it; we do. A person who deliberates takes a day. A body that must consent takes years. 
Tools can shave the tactical human loop from a day to an hour, which moves the line for 
a manager with pre-cleared authority from ninety days to about three. They cannot 
make consent instant, and they should not try. Consent is slow because it is consent.

The picture over time, then, is this. The floor descends toward the speed of matter. The 
line holds. Between them, the machine loop takes more and more of the routine work, 
and the human loop's work shrinks in volume while every piece that remains grows in 
weight. It stops chasing releases and starts choosing limits. Each limit written above 
governs a thousand actions below. Fewer cavalry charges, each more decisive. The work 
never reaches zero. It converges on the rate at which our values change, and that rate 
belongs to us. If you are reading this after the flinch has been built, ninety days will 
sound quaint. The arithmetic will not.

What stays human

The aim. A flinch aimed at the wrong target is fast harm. What counts as harm, where 
the limits sit, which risks are worth taking: these are written by people.

The watch. The better an autopilot gets, the rustier the pilot. An outer loop that never 
exercises will not be ready on the day the inner loop meets something it has never seen. 
So the people must drill, and the flinch must fail toward safety and explain itself.
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Finish the nervous system

For roughly four billion years the latency of care on this planet was infinite. Nothing 
existed that could sense a planetary injury and answer on the planet's behalf. For the 
last century it has been measured in decades, which for most of what was disappearing 
was infinity by another name.

Picture the biosphere as it is: trillions of living sensors, every leaf reading light, every 
root reading chemistry, every fish reading temperature, a planet drowning in sensation, 
and until this decade no channel fast enough to carry any of it to anything that could 
respond. A body the size of a world that has never had a nervous system.

Five hundred and forty million years ago, life solved this once before. Cells that had 
signaled one another by slow chemistry grew neurons, and the delay between sensing 
and acting collapsed, and a body could behave as one thing. Everything since, the dart of 
a fish, the turn of a flock, your hand leaving the stove before you knew it was burned, 
came from that one shortening of a loop.

The tools to shorten this one arrived in the last four years. What remains is the decision, 
and the decision is the slow loop's job, which is to say it is ours.
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The biosphere is not too late, because "too late" is a latency, and latency is the one 
variable in this entire crisis that we have just learned how to shrink. Every hour cut from 
the loop is a ton that never has to be scrubbed, a fish that never has to be counted dead, 
a lawsuit that never has to be filed.

Finish the nervous system. Keep its eyes open. Reflex below, intention above.

Build the flinch.
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