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GENERAL INTRODUCTION
Agriculture looks simple until we ask it to do everything we 

actually expect of it.

It must produce enough food for large populations. It must 
provide viable livelihoods for the people who farm and ranch. It 
must  maintain  productive  soil,  secure  water,  limit  pollution, 
withstand a changing climate, organize difficult  and seasonal 
work,  finance  machinery  and  infrastructure,  preserve 
ecosystems, account for the lives of animals, and keep food 
moving when normal supply chains break down. Each demand 
sounds  reasonable  on  its  own.  Together,  they  create  real 
conflicts.

Higher yields can reduce the amount of land needed for a 
given volume of food, yet they can also increase dependence on 
fertilizer,  irrigation,  capital,  or  specialized  equipment. 
Mechanization can eliminate dangerous and exhausting work 
while making a farm more financially rigid. Diversification can 
spread some risks while multiplying crops, markets, skills, and 
management tasks. Livestock can turn grass, crop residues, and 
processing  by-products  into  food  while  also  creating 
greenhouse-gas,  land-use,  nutrient,  and  moral  costs.  Local 
production can preserve regional capacity while concentrating 
exposure  to  a  local  drought,  flood,  disease  outbreak,  or 
infrastructure failure. A technology can use less water, fertilizer, 
fuel, or labor per unit produced while total use of that resource 
still rises.

This  book  does  not  begin  by  picking  a  winning  label. 
“Conventional,”  “organic,”  “regenerative,”  “agroecological,” 
“high-tech,”  “intensive,”  “extensive,”  “local,”  and  “global” 
describe broad families of practices and institutions, not verdicts. 
Each can contain systems that are coherent in one setting and 
incoherent in another. The harder question is this: how can a 
food system produce enough, under conditions that people and 
ecosystems  can  sustain,  without  destroying  the  soil,  water, 
ecological  functions, animals,  farm businesses,  workers,  and 
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communities on which future production depends?

Answering that question requires separating things that public 
debate often collapses into one another. Yield per acre is not 
total production. Production is not food security. A retail price is 
not  a  production  cost.  Gross  sales  are  not  farm  income. 
Efficiency is  not  the same thing as lower total  consumption. 
Autonomy is not autarky. Animal health does not exhaust animal 
welfare. A technical improvement does not determine its own 
political or moral value. Strong average performance does not 
prove that a system will survive a shock.

It  also  requires  comparing  every  proposal  with  a  real 
alternative. Saying that a practice uses a great deal of land tells 
us little until we ask what kind of land it uses, what else that land 
could reasonably do, and what the practice produces. Saying 
that  a  system reduces  pesticide  use  is  incomplete  until  we 
examine effects on yield, labor, land, resistance, and other forms 
of crop protection. Saying that an irrigation technology saves 
water  is  not  enough  until  we  know  what  happens  to  total 
withdrawals  from  the  basin.  Saying  that  livestock  converts 
material  humans cannot eat is not enough until  we examine 
methane, welfare, land, nutrient flows, and alternative uses of 
the same biomass. Every gain has a counterfactual. Many gains 
also move part of their cost somewhere else.

Instead,  the  book starts  with  what  each  system actually 
does, not what it is called. It begins with food supply and the 
material limits within which agriculture operates. It then moves 
through soil, water, fertility, crop production, inputs, biodiversity, 
labor,  machinery,  energy,  capital,  specialization,  and 
diversification. Livestock receives separate treatment because 
raising  animals  adds  a  question  that  fertilizer,  tractors,  and 
irrigation  systems  do  not:  what  obligations  arise  when  a 
production system organizes the life and death of a sentient 
being?  The  analysis  then  widens  to  prices,  income,  market 
power,  public  support,  trade,  regional  capacity,  and  diets. 
Finally, it tests competing promises of agricultural transformation 
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against their mechanisms, their hidden costs, and a climate that 
is making historical assumptions less reliable.

The  goal  is  not  to  force  pounds  of  food,  farm  income, 
biodiversity,  animal  suffering,  water  security,  strategic 
autonomy,  and  greenhouse-gas  emissions  into  one  master 
score. Some disagreements concern empirical claims that can 
be tested. Others concern priorities that remain political or moral 
even after the facts are clear. Good analysis should make those 
differences visible. It should identify who receives benefits, who 
bears  costs,  which  resources  are  approaching  limits,  what 
assumptions a system depends on, and which options remain 
open when conditions change. It should not hide value choices 
inside an index and then present  the result  as if  no human 
judgment were involved.

These  opening  pages  do  not  present  an  ideal  model  of 
agriculture.  They  provide  a  way  to  examine  real  systems 
instead: what a system does, how it does it, which resources 
and dependencies it relies on, who bears the costs, what the 
most  plausible  alternative  would  be,  how  it  responds  to 
disruption, and whether it can change without destroying the 
conditions of its own future.

If a general conclusion emerges, it should be earned by that 
inquiry rather than assumed at the beginning.
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PART I — WHAT AGRICULTURE MUST 
ACCOMPLISH

CHAPTER 1 — FEEDING A FINITE WORLD

FEEDING PEOPLE IS NOT THE SAME AS PRODUCING MORE

The  first  job  of  agriculture  sounds  simple:  feed  people. 
Defining what that requires is harder. A country can produce 
abundant crops and still contain households that cannot obtain 
enough healthy food. It can deliver enough calories while leaving 
access uneven. It can also produce heavily for a decade while 
degrading soil, depleting water, or weakening farm businesses 
in ways that reduce future capacity. The reverse problem exists 
too:  protecting  resources  without  maintaining  an  adequate, 
stable, and accessible food supply is not a complete food policy.

That  is  why  food security  cannot  be reduced to  tonnage. 
Availability,  access, utilization, and stability describe different 
failures. Food may exist in the market and remain unaffordable. 
It may be affordable and still be nutritionally inadequate, unsafe, 
or inaccessible in a particular place. A system may work well in 
an ordinary year and fail under drought, war, a port closure, a 
fuel  shock,  or  a  sudden  loss  of  household  income.  These 
distinctions are practical,  not semantic. They determine what 
should be measured and what kind of intervention could work.

The global picture makes the point. The world passed eight 
billion people in the mid-2020s while hundreds of millions still 
experienced hunger and billions could not regularly afford a diet 
considered  healthy  under  international  criteria.  That  is  not 
evidence that production no longer matters. It is evidence that 
production, distribution, purchasing power, infrastructure, and 
political stability are different links in the same system. In one 
place, the binding problem may truly be insufficient output. In 
another,  food  exists  but  people  lack  income,  transportation, 
market access, refrigeration, storage, or security.

A simple rule follows: do not call a problem an agricultural 
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shortage when the breakdown lies somewhere else, and do not 
dismiss a production problem merely because enough food 
exists in the aggregate.

DEMAND IS NOT POPULATION TIMES TODAY’S DIET

Future food demand cannot be estimated by multiplying the 
current  diet  by  the  number  of  people  expected  to  be  alive. 
Population matters,  but  so do incomes,  urbanization,  dietary 
change, livestock feeding, biofuels and other nonfood uses, food 
processing, post-harvest losses, and consumer waste. Current 
United Nations projections suggest  that  world population will 
continue rising for several decades and then peak around the 
mid-2080s. That is a major pressure on food systems, but it is 
not a formula that tells us exactly how much agriculture must 
produce.

Claims such as “the world will need 50 percent more food” can 
be useful as scenario shorthand and dangerous when treated as 
physical  law.  The  result  changes  with  the  base  year, 
assumptions about population and income, changes in diets, 
crop  yields,  losses,  feed  use,  and  the  share  of  production 
directed to  nonfood purposes.  More  animal  products  do  not 
generate the same crop and land requirements as a different 
diet. Lower losses do not require the same gross production as a 
system that  discards a large share of  what  it  grows.  Rising 
income can change the composition of  demand even where 
population growth is small.

There is no single,  once-and-for-all  answer to how much 
food  must  be  produced.  The  better  questions  are  which 
nutritional needs must be met, with which foods, in which 
regions,  with  how  much  loss,  and  using  which  scarce 
resources.

LAND IS NEVER JUST “AVAILABLE”

Agriculture always occupies land that  has,  or  could have, 
other functions. Cropland can produce food, feed, fiber, fuel, or 
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industrial raw materials. Grassland can support grazing, store 
carbon,  protect  soil,  provide  habitat,  or  remain  part  of  a 
nonagricultural  ecosystem.  Forest  converted  to  cropland  or 
pasture loses functions that cannot be captured by a simple 
acreage figure. “Available land” is therefore an abstraction that 
can hide more than it reveals.

Expansion and intensification are often cast as competing 
philosophies. In practice, they are different ways of increasing 
output. Expanding  acreage  can  raise  production  but  may 
convert habitat, clear forest, or displace other land uses. Raising 
yield on existing cropland can reduce the acreage required for a 
given  output,  but  it  may  demand  additional  fertilizer,  crop 
protection, irrigation, machinery, energy, or capital. Saving land 
does not automatically eliminate other costs.

Even the  phrase  “land  sparing”  requires  a  counterfactual. 
Higher  yields  protect  habitat  only  if  they  actually  prevent 
expansion  that  would  otherwise  have  occurred.  If  higher 
profitability instead attracts investment and expands the crop, 
the same yield gain may coexist with more land in production. 
Agronomic performance does not determine the land-use result 
by itself; prices, policy, markets, and producer decisions matter.

Yield per acre is a familiar and useful measure because land 
is  finite  and  has  alternatives.  But  no  acreage  measure  can 
decide a system on its own. A practice with lower yield may 
reduce one pressure and require more land for the same output. 
A  high-yield  system  may  spare  land  and  increase  another 
dependency.  The trade-off  does not  disappear  because one 
metric improves.

WATER MAKES LOCAL LIMITS IMPOSSIBLE TO IGNORE

Water reveals why global averages are often poor guides to 
local  decisions.  Agriculture  accounts  for  most  freshwater 
withdrawals worldwide, yet the practical meaning of irrigation 
depends  on  the  basin.  An  irrigated  crop  drawing  from  a 
renewable water supply is not equivalent to one sustained by an 



11

aquifer that is being depleted. Two farms can report the same 
gallons  or  cubic  meters  per  unit  of  output  and impose very 
different  pressures depending on source, season,  competing 
users, recharge, and return flows.

Withdrawal, consumption, and sustainable availability must 
remain distinct.  Some water withdrawn returns to streams or 
groundwater.  Some  evaporates,  is  transpired  by  plants,  or 
leaves the basin embodied in products. A more efficient irrigation 
system can raise output per unit applied and still fail to reduce 
total  depletion if  it  makes additional  acreage or more water-
intensive production profitable. Efficiency is useful. It is not the 
same thing as conservation.

When  water  becomes  limiting,  farms  and  governments 
have many options:  improve irrigation, change crops,  alter 
planting dates,  reduce acreage,  build  storage,  import  more 
food,  or  renegotiate competing uses.  None is  automatically 
best.  Each shifts  costs  among capital,  energy,  employment, 
food security, ecosystem needs, political conflict, and long-run 
resilience. Those trade-offs need to be visible before anyone 
chooses among them.

TODAY’S OUTPUT CAN UNDERMINE TOMORROW’S

A  farming  system  can  increase  current  production  while 
eroding the conditions  that  make future production  possible. 
Higher yields are not inherently destructive; the problem is that 
farming depends on stocks and functions that cannot always be 
replaced  quickly:  soil  structure,  nutrient  reserves,  water 
availability,  organic  matter,  functional  biodiversity,  and 
infrastructure.

Topsoil  cannot  be  lost  faster  than  it  forms  indefinitely. 
Nutrients removed in harvests must ultimately be replaced or 
drawn  down  from  existing  stocks.  Groundwater  cannot  be 
pumped beyond recharge forever without changing the system. 
Salinity,  pollution,  and  biological  simplification  can  remain 
partially  hidden  until  the  margin  for  adjustment  is  already 
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smaller.

It would be equally misleading to treat “natural limits” as fixed 
barriers. Agriculture has repeatedly changed what is possible 
through  plant  breeding,  fertilizers,  irrigation,  drainage, 
mechanization,  controlled  environments,  storage, 
transportation, and agronomic knowledge. Constraints can be 
shifted,  delayed,  or  partly  compensated  for.  But  moving  a 
constraint often creates another bill: energy, capital, imported 
inputs, infrastructure dependence, pollution, or exposure to a 
new failure mode.

A  finite  world  does  not  mean  every  resource  is  about  to 
disappear. It means agriculture operates inside real limits, many 
of  them  renewable  only  at  finite  rates,  and  replacing  one 
constraint with another is not the same as eliminating it.

PRODUCTIVITY IS NOT ONE NUMBER

“Productivity” sounds like a single measure, but it is not. A 
farm can perform extremely well on one measure and poorly on 
another. Yield per acre relates output to land. Labor productivity 
relates output to human time. Input-use efficiency asks what is 
produced per unit of water, nitrogen, energy, or capital. Stability 
describes performance across years. Total output answers a 
different question again.

These  measures  can  move  in  opposite  directions. 
Mechanization may reduce labor per bushel or per ton while 
increasing capital and energy dependence. Diversification may 
lower  the  average  yield  of  one  crop  while  reducing  income 
volatility  or  catastrophic-loss risk.  A technology may improve 
output per gallon or per pound of fertilizer while total resource 
use rises because production expands.

No serious evaluation can collapse calories, protein quality, 
prices, yield, water, land, emissions, pollution, farm income, 
labor conditions, input dependence, and resilience into one 
neutral score. The variables are real, but their weights depend in 
part on the purposes people choose to pursue.
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FOOD SECURITY IS ECONOMIC AND POLITICAL TOO

Crops  do  not  move  directly  from  field  to  plate.  Storage, 
processing, transportation, energy, finance, contracts, markets, 
public policy, and household income sit in between. A food crisis 
may begin with crop failure. It may also begin with a blocked 
road, a closed port, a currency crisis, an energy shock, war, or 
the  sudden  loss  of  income  among  households  that  had 
previously been able to buy food.

Self-sufficiency  and  food  security  are  not  synonyms. A 
country can import  substantial  quantities of  food and remain 
secure  if  it  has  diversified  suppliers,  reliable  infrastructure, 
purchasing power, inventories, and substitution options. Another 
can produce much of what it  consumes and still  leave some 
households unable to obtain it. Dependence on a small number 
of  external  suppliers  for  a  critical  input  can also create real 
vulnerability.  Trade  is  neither  security  by  definition  nor 
dependence by definition.

Price  creates  another  tension.  Affordable  food  is  a  social 
good, but low retail prices can coexist with weak farm income, 
taxpayer  support,  environmental  damage,  or  increasing 
concentration.  Higher  environmental  or  animal-welfare 
standards  can  improve  important  functions  and  raise  costs. 
Deciding who should pay those costs is a political question, not 
something agronomy can answer automatically.

A FINITE WORLD DOES NOT DICTATE ONE AGRICULTURE

Land, water, fertility, climate, energy, and capital impose real 
constraints.  They do not  point  everywhere toward the same 
production model. In one region, water may be the binding limit. 
In another, land, labor, winter length, capital, or transportation 
may dominate. Some soils can sustain high output with little 
irrigation. Some land is better suited to grazing than cropping. 
Some  regions  possess  dense  infrastructure  and  technical 
services; others do not.

Context does not mean that anything goes. A system that 
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persistently depletes the aquifer it needs, loses soil faster than it 
can be restored,  or  produces food that  a large share of  the 
population cannot  obtain is  failing an important  function. But 
identifying failure still does not tell us which alternative is best. 
Alternatives have their own costs, timelines, dependencies, and 
displaced effects.

The basic standard is modest: produce enough food, keep it 
accessible  and  stable,  maintain  the  resources  future 
production will need, and preserve the ability to adapt when 
shocks occur. These objectives can conflict. Analysis becomes 
necessary precisely when we stop pretending that one word—
productivity, autonomy, ecology, technology, or tradition—can 
settle all of them.

Before  comparing  farming  systems,  we  need  to  look 
underneath them. Every system depends on the material cycles 
that make fertility possible: water, carbon, nitrogen, phosphorus, 
organic  matter,  soil  structure,  erosion,  and  renewal.  That  is 
where the next chapter begins.
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CHAPTER 2 — SOIL, WATER, AND FERTILITY 
CYCLES

SOIL IS NOT A PLATFORM

Farm soil is often described as the surface on which crops are 
grown. That  picture is too passive. Roots occupy a physical 
environment  that  must  contain  air  and  water;  a  chemical 
environment in which nutrients must exist in usable forms; and a 
biological environment in which roots, microbes, fungi, and soil 
fauna continually transform matter. Fertility is neither a pile of 
fertilizer  nor  a  mystical  quantity  called  “soil  life.”  It  is  the 
combined  capacity  of  several  processes  that  can  support, 
compensate for, or undermine one another.

Soil can look productive while drawing down hidden capital. 
External  fertilizer,  irrigation,  or  stored  nutrient  reserves  can 
sustain good yields even while compaction increases, organic 
matter falls, or nutrient balances become negative. The opposite 
is possible too: a biologically active, well-structured soil can still 
produce  poorly  if  a  specific  nutrient  or  chemical  constraint 
remains binding. “Natural fertility” and fertilization are therefore 
not opposing categories. Harvest removes material. Sustainable 
management has to know what leaves, what returns, what is 
lost, and what may need to be supplied from outside.

HARVESTS EXPORT NUTRIENTS

When crops leave the field, nitrogen, phosphorus, potassium, 
and other nutrients leave with them. Some may return through 
residues, manure, compost, or recycled organic materials. Some 
are consumed elsewhere, dissipated,  or  lost.  In one farming 
system, the major problem may be depletion because removals 
exceed replacement. In another, overapplication may dominate, 
with excess nutrients moving into groundwater, surface water, or 
the atmosphere.

Fertilization is  best  judged through the nutrient  balance 
over time, not as something inherently good or bad. Legumes 
can  add  biologically  fixed  nitrogen.  Manure  and  recycled 
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organic material can return nutrients. Mineral fertilizers can 
correct  specific  deficiencies.  None  of  these  pathways  is 
unlimited.  Nitrogen  can  be  fixed  from  the  atmosphere 
biologically  or  industrially;  phosphorus  and  potassium 
depend more on geological sources, recycling, and transfers 
among places. Even a highly circular farm cannot close every 
loop. Food leaves. Nutrients move. Losses occur.

Two  comforting  stories  fail  here.  More  input  does  not 
guarantee more fertility once crop demand is met and losses 
rise. Organic recycling does not guarantee that every external 
input becomes unnecessary if the actual nutrient budget remains 
negative. The test is whether production can continue without 
depletion, damaging accumulation, or unacceptable leakage.

ORGANIC MATTER CONNECTS PHYSICAL, CHEMICAL, AND 
BIOLOGICAL FUNCTIONS

Organic matter matters because it sits at the intersection of 
soil  structure,  water,  nutrient  cycling,  and  biology.  It  helps 
stabilize aggregates, influences water-holding capacity, feeds 
organisms, and stores and releases nutrients over time. But its 
effects vary with soil texture, climate, depth, management, and 
the material being added. There is no universal percentage that 
transforms a soil into a resilient system.

More organic matter can improve several functions and still 
fail to correct salinity, extreme acidity, deep compaction, or a 
specific  nutrient  deficiency.  More  biological  activity  is  not 
automatically better either. Organisms decompose, mineralize, 
immobilize, aggregate, compete, and redistribute. The important 
question is whether those processes support the functions the 
crop and soil system need.

Structure matters for the same reason. Compacted soil can 
contain nutrients and water that roots cannot reach effectively. A 
highly  porous  sandy  soil  may  drain  so  quickly  that  water 
becomes limiting.  Texture  is  largely  inherited  and difficult  to 
change at  field  scale;  structure is  more responsive to roots, 
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tillage,  traffic,  grazing,  organic  inputs,  and  moisture.  This 
distinction will recur throughout the book: evaluate a practice by 
the mechanism it changes, not by the label attached to it.

FERTILIZATION IS ALSO LOSS MANAGEMENT

Nutrients move through pathways. Nitrogen can be taken up, 
immobilized,  leached  as  nitrate,  volatilized  as  ammonia,  or 
transformed into gaseous forms. Phosphorus can remain bound 
in soil, leave with harvest, or move with eroded sediment and 
runoff. Potassium follows another set of pathways. Measuring 
how much was applied is therefore not the same as measuring 
how much served the crop.

Nutrient-use efficiency is useful because it asks how much of 
an input becomes productive output. It is not sufficient because 
high efficiency can coexist with large absolute losses when total 
use is high. Likewise, reducing fertilizer can lower pollution and 
become counterproductive if it persistently mines soil reserves 
or cuts yield enough to shift production elsewhere. Yield, nutrient 
balance, efficiency, losses, and long-run soil condition have to 
remain separate variables.

WATER MOVES FERTILITY

Water is more than something a crop consumes. It  is  the 
medium  in  which  many  nutrients  become  mobile  and  the 
mechanism that carries them toward roots—or beyond the root 
zone. Too little water limits growth and uptake. Too much can 
reduce oxygen,  worsen some diseases,  move nutrients,  and 
damage structure. More water is beneficial only until  another 
constraint takes over.

Irrigation  can  stabilize  yields  and  reduce  dependence  on 
rainfall, but it connects the farm to a basin-scale resource. Water 
pumped from a river, reservoir, or aquifer has an opportunity 
cost because other users and ecosystems may depend on the 
same supply. Improving application efficiency at the field does 
not guarantee lower basin withdrawals if saved water expands 
irrigation, intensifies production, or reduces return flows.  The 
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point  is  straightforward:  soil,  nutrients,  and  water  move 
together, and the effects often extend beyond the field.

WATER CAN ALSO DAMAGE SOIL

Intense rainfall on bare or weakly protected soil can detach 
and transport fine particles rich in nutrients and organic matter. 
Erosion therefore removes more than surface material.  Over 
time it can reduce effective rooting depth, storage capacity, and 
fertility.  The same storm will  not  produce the same damage 
everywhere;  slope,  cover,  soil  texture,  aggregation,  and 
management determine much of the result.

In poorly drained irrigated systems, the opposite movement 
can occur.  Water  evaporates or  is  taken up by plants while 
dissolved salts  remain.  Repeated irrigation without  adequate 
drainage can concentrate those salts until plant water uptake or 
soil  structure is  impaired.  The lesson is  not  that  irrigation is 
inherently harmful. It is that solving a water shortage can create 
a salt problem when the water-salt-drainage balance is ignored.

FAO estimates that roughly 1.4 billion hectares worldwide are 
affected by saline or sodic soils. That global estimate should not 
be treated as though all of those acres or hectares were equally 
agricultural, equally degraded, or caused by the same process. 
Here the estimate matters for a narrower reason: some forms 
of soil degradation build slowly and become visible long after 
the decisions that caused them.

A PRODUCTIVE SOIL CAN STILL BE FRAGILE

A strong yield this year does not prove that the productive 
base is stable. Fertilizer can mask nutrient depletion for a time. 
Irrigation can conceal weak water storage. Intensive tillage can 
produce  an  excellent  seedbed  while  increasing  erosion  or 
compaction risk. The opposite warning matters too: a field can 
be biologically rich, permanently covered, and lightly disturbed 
and  still  fail  to  produce  enough  because  another  constraint 
remains unsolved.
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“Soil health” should not collapse into one number. Rooting 
depth,  aggregate  stability,  infiltration,  plant-available  water, 
organic matter, pH, salinity, nutrient supply, biological activity, 
and yield describe different things. They interact, but none can 
substitute  for  the  others.  Phosphorus  deficiency  is  not 
compaction. Water stress is not nitrogen deficiency. Salinity is 
not repaired simply by adding compost.

Practices must likewise be interpreted in systems. Reduced 
tillage can protect  structure in one setting and create weed-
management  difficulties  in  another.  Compost  can  improve 
several properties and still  be constrained by cost, transport, 
nutrient  concentration,  or  availability.  A  legume  can  reduce 
mineral-nitrogen requirements without supplying every nutrient. 
Irrigation can stabilize output only while water, drainage, energy, 
and infrastructure remain available.

SUSTAINABLE FERTILITY IS A PROCESS, NOT A FINISH 
LINE

Fertility is not a condition a farm reaches once and then 
keeps. It has to be renewed as crops remove nutrients and 
farming disturbs soil structure, water relations, and biological 
processes. Sustainable management has to maintain enough 
of those capacities to support production while limiting losses 
that damage other ecosystems or reduce future options.

That requirement does not impose one recipe. It does impose 
a method: track stocks and flows; separate short-term response 
from  long-term  balance;  compare  yield  gains  with  water, 
nutrient, energy, and degradation costs; distinguish what can be 
renewed locally from what depends on outside inputs; identify 
what can be recycled; and make time lags visible. Soil can lose 
function for years before yield collapses. Restoration can take 
years after decline becomes obvious.

What a field produces today matters, but so do the options 
its management leaves for tomorrow.

With that biophysical foundation in place, the next question 
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is how to compare crop practices that aim to maintain yields, 
reduce inputs,  protect biodiversity,  and improve resilience. 
Chapter 3 takes up that problem.



21

PART II — PRODUCING

CHAPTER 3 — GROWING CROPS: YIELD, 
INPUTS, BIODIVERSITY, AND RESILIENCE

CROP PRODUCTION IS CONSTRAINT MANAGEMENT

A crop never grows in a neutral setting. Soil fertility varies. 
Weather ignores farm plans. Weeds compete. Insects, fungi, 
bacteria, and other organisms can damage plants. Water, light, 
nutrients,  labor,  and time are limited.  Farming is  less  about 
choosing a doctrine than about managing constraints: feeding 
the crop, limiting competition and disease, protecting yield, 
spreading risk, and preserving enough ecological function to 
keep the system productive.

That  is  why  simple  oppositions—input  versus  no  input, 
technology  versus  nature,  intensification  versus  ecology—
usually  describe  the  argument  better  than  the  farm.  An 
intervention can raise output and create a new dependence. 
Cutting an input can reduce one pressure and increase labor, 
land demand,  or  crop losses.  The same practical  questions 
keep returning: What problem does the intervention solve? 
How? Under what conditions? At what cost?

YIELD MATTERS, BUT IT IS NOT A VERDICT

Yield per acre is indispensable because land has alternatives. 
It tells us how much output comes from a given area. It does not 
tell us whether that output is stable, whether the farm uses large 
amounts of energy or water, whether the crop is vulnerable to a 
single disease,  or  whether the system remains economically 
viable.

Potential yield and realized yield should also be separated. 
Potential yield describes what a crop could produce when major 
constraints are controlled. Realized yield reflects actual weather, 
disease, fertility, management,  input access, and economics. 
Closing a large yield gap can be an obvious priority where water, 
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nutrients, suitable seed, or crop protection are severely limiting. 
In a system already close to biological potential, further gains 
may require inputs whose marginal economic or environmental 
cost becomes large.

Two errors follow from ignoring this  distinction.  High yield 
does not prove sustainability. Lower yield is not automatically 
irrelevant when a practice has ecological benefits. If reduced 
yield requires much more land for the same output, land-use 
effects matter. If higher yield degrades soil, water, or resilience, 
that gain cannot settle the evaluation either.

FEED THE CROP WITHOUT LOSING THE REST

Plants require nutrients in usable forms and at the right time. 
Harvest  removes  part  of  those  nutrients  from  the  field. 
Maintaining production therefore requires replacement through 
mineral  fertilizer,  legumes,  manure,  compost,  recycled 
materials, or other biological and chemical pathways.

The challenge is not only quantity. Timing, placement, form, 
soil  retention,  weather,  and crop uptake all  matter.  Nitrogen 
applied when roots cannot capture it may leach, volatilize, or be 
transformed into forms that no longer serve the crop. Too little 
fertilizer can reduce output and mine soil fertility. Too much can 
raise costs and pollution without proportional yield benefit.

That is why nutrient-use efficiency and yield must be kept 
separate. Better-targeted fertilization does not mean minimizing 
inputs as a moral goal. It means supplying enough to perform the 
productive function while minimizing the share converted into 
unnecessary expense or environmental loss.

WHY PESTICIDES EXIST—AND WHY THEY CANNOT BE THE 
WHOLE STRATEGY

Crops  face  real  biological  pressure.  Weeds  compete  for 
water, light, and nutrients. Insects feed on plants. Pathogens 
reduce yield and quality.  Herbicides, insecticides,  fungicides, 
and other crop-protection tools exist because these losses can 
be  economically  and  agronomically  serious.  Treating  the 
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problem as imaginary is no more useful than treating the tools as 
costless.

Hazard  and  risk  should  be  distinguished.  Toxicity  and 
persistence  are  properties  of  a  chemical.  Actual  risk  also 
depends  on  dose,  exposure,  application  method,  frequency, 
environmental fate, and the organisms affected. Two pesticides 
or  two  uses  of  the  same pesticide  are  not  equivalent.  That 
nuance  does  not  erase  legitimate  concerns  about  water 
contamination,  occupational  exposure,  effects  on  nontarget 
organisms, or resistance.

Integrated pest management offers a better framework than 
“spray”  versus  “never  spray.”  IPM  combines  prevention, 
resistant or tolerant varieties, crop rotation, monitoring, action 
thresholds,  biological  and  mechanical  methods,  habitat 
management where useful,  and targeted pesticide use when 
needed. Its logic is functional: use the combination of tools that 
keeps  damage  below  an  acceptable  level  while  avoiding 
unnecessary side effects.

EVERY CONTROL TOOL CHANGES THE PROBLEM IT 
CONTROLS

Repeated use creates selection pressure. An herbicide kills 
susceptible weeds and leaves resistant individuals with a larger 
share  of  the  next  generation.  Similar  dynamics  occur  with 
insecticides and fungicides. The more uniformly one mechanism 
is used, the more pressure there is for the population to evolve 
around it. A tool that solves a problem today can make the same 
problem harder tomorrow.

Biological simplification can produce a related effect. Large 
areas or repeated rotations dominated by one crop create a 
recurring resource for organisms adapted to exploit it. That does 
not  mean  every  monoculture  causes  pest  collapse  or  that 
diversity always prevents it. It means uniformity can increase 
certain vulnerabilities while crop rotation, genetic diversity, and 
natural enemies can interrupt some biological cycles.

Dependence should therefore not  be defined by the mere 
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presence  of  an  input.  Dependence  becomes  critical  when 
removing one tool makes the system quickly unable to function 
because  other  forms  of  regulation  have  disappeared  or 
resistance has accumulated. Refusing an effective tool while 
accepting  chronic,  major  losses  can  also  create  fragility. 
Resilience depends on the real number of fallback pathways.

BIODIVERSITY HAS FUNCTIONS, NOT A SINGLE VALUE

Biodiversity  is  not  uniformly  beneficial  to  agriculture. 
Pollinators, decomposers, soil organisms, and natural enemies 
can provide important services. Weeds, pathogens, and crop 
pests  are  also  living  organisms.  Farming  necessarily  favors 
some forms of life and limits others.

The function being supported is what counts. Hedgerows, 
flowering  strips,  wetlands,  grasslands,  cover  crops,  and 
landscape mosaics can support pollinators, beneficial insects, 
habitat,  and genetic  diversity.  They may also  occupy land, 
require management, or create unwanted effects in particular 
situations.  Scale  matters.  A strip  that  looks  “unproductive” 
inside a field may support a landscape-level service. A poorly 
designed  habitat  feature  may  fail  to  provide  the  expected 
benefit.

Cultivated  diversity  and  wild  biodiversity  should  also  be 
separated. More crop species or varieties can spread agronomic 
risk. Preserving semi-natural habitat protects other functions and 
values. The two can reinforce one another,  but they are not 
interchangeable. Sustainable agriculture does not necessarily 
maximize  species  count  inside  every  acre;  it  preserves  the 
ecological functions and values that matter while continuing to 
produce.

DIVERSIFICATION WORKS THROUGH SPECIFIC 
MECHANISMS

Rotations,  intercropping,  cover  crops,  and  other  forms  of 
diversification can alter nutrient cycling, weed competition, pest 
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dynamics,  soil  cover,  and  income  risk  at  the  same  time. 
Research syntheses often find average benefits across several 
of these dimensions, but the size of the effect varies greatly by 
crop, region, climate, time horizon, and management.

That  variability  is  not  noise  to  be ignored.  A rotation  can 
improve  one  crop’s  performance  and  create  a  marketing 
problem for another. A cover crop can reduce erosion and use 
scarce water  in  a  dry  region.  Intercropping can use  light  or 
nutrients more efficiently and complicate harvest and separation. 
Agronomic  benefit  has  to  be  evaluated  together  with  labor, 
equipment, coordination, and market requirements.

Diversity  should not  become a doctrine of  its  own. Poorly 
designed diversification can scatter skills, multiply machinery, 
and reduce efficiency. Specialization can create deep expertise 
and very high productivity.  Simplification becomes a problem 
when it  removes so  much redundancy that  one biological, 
economic, or climatic shock can stop the system. The useful 
question is  not  “how much diversity?”  but  “which kind of 
diversity reduces which vulnerability?”

RESILIENCE IS MORE THAN LOW VARIABILITY

A farm with stable yields is not necessarily resilient. Stability 
may come from irrigation, insurance, stored inputs,  intensive 
crop protection,  or  highly  reliable suppliers.  Those tools  can 
make a system robust while they remain available and fragile if 
they all depend on one critical resource. A diversified system 
may absorb one biological shock and remain exposed to labor 
shortages, loss of a market, or extreme drought.

Resilience  is  best  described in  terms of  how the  system 
actually handles shocks. What shocks can the system absorb? 
How long can it function if a key input is unavailable? Can it 
change  variety,  planting  date,  crop,  supplier,  or  outlet?  Are 
backup capacities located on the farm, in a cooperative, in a 
supplier  network,  in  public  infrastructure,  or  in  international 
trade? None of these locations is automatically superior; each 
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leaves the farm dependent on a different set of backups.
Yield and resilience can reinforce one another when better 

management reduces losses and volatility at  the same time. 
They can also conflict. A farm may accept slightly lower average 
output in exchange for a much lower probability of catastrophic 
failure. Whether that trade is worthwhile depends on crop value, 
risk tolerance, reserves, insurance, capital  structure, and the 
alternatives available in the wider region.

FROM THE FIELD TO THE FARM BUSINESS

The final limitation of crop-by-crop analysis is that farmers 
never manage yield,  nutrients,  pests,  biodiversity,  labor,  and 
capital independently. A new rotation changes machinery needs 
and  marketing.  Reduced  herbicide  use  may  increase 
mechanical operations. A more resistant variety may cost more 
or depend on a particular supplier. Irrigation can stabilize output 
and tie up capital and energy. Diversification can spread risk and 
increase  the  number  of  skills  and  markets  the  farm  must 
manage.

Every agronomic practice also changes how a farm uses 
work and capital. The next chapter moves from the crop to the 
farm as an operating organization. Biology is only part of the 
question;  the  rest  is  who  can  do  the  work,  with  what 
machinery,  energy,  investment,  labor,  timing,  and 
dependencies.
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CHAPTER 4 — THE FARM AS A SYSTEM: 
LABOR, MACHINERY, ENERGY, AND CAPITAL

A FARM IS AN OPERATING SYSTEM

A farm is not just land, animals, buildings, and equipment. It is 
an operating system in which timing, labor, capital, energy, skill, 
and biological processes depend on one another. Change one 
major practice and several other things usually move with it. A 
new machine can reduce labor and increase debt. A new crop 
can  require  a  different  planter,  harvesting  window,  storage 
system, and buyer. Irrigation can stabilize yield and add pumps, 
energy costs, maintenance, and water dependence. Automation 
can remove repetitive work  and create a need for  software, 
sensors, connectivity, and specialized repair.

Agricultural technology cannot be ranked on a simple line 
from primitive to advanced. A tool should be judged by what it 
lets the farm do, which constraints it eases, and what new 
requirements it creates.

MACHINERY BUYS TIME AS WELL AS LABOR

The obvious function  of  a  machine is  to  let  fewer  people 
accomplish  more  physical  work.  But  in  farming,  the  timing 
function can be just as important. Planting, spraying, irrigating, 
cutting hay, harvesting grain, picking fruit, moving animals, or 
applying fertilizer often must happen inside a narrow weather or 
biological window. Missing that window by a few days can matter 
more than the total number of labor hours used during the year.

Machinery  does  more  than  replace  muscle.  It  lets  more 
work  happen  at  the  right  moment. A  combine  capable  of 
harvesting hundreds of  acres before rain,  a planter  that  can 
cover ground quickly during a narrow soil-moisture window, or a 
milking system that keeps a daily routine manageable all provide 
temporal capacity.

That capacity changes labor productivity without necessarily 
changing land productivity. One operator can farm more acres 
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with larger equipment even if bushels per acre do not rise. A 
machine can increase gross sales by allowing expansion while 
lowering  net  returns  if  depreciation,  interest,  fuel,  repairs, 
insurance, and replacement costs rise faster than the added 
revenue. Yield, labor productivity, and profitability therefore have 
to remain separate.

OWNING A MACHINE IS NOT THE SAME AS HAVING 
ACCESS TO IT

Agriculture  contains  many  expensive  tools  that  are  used 
intensely for only part  of  the year.  Ownership is one way to 
guarantee access, but it is not the only one. A farm may hire a 
custom operator, lease equipment, rent a machine, share one 
informally with neighbors, or obtain a specialized service through 
a cooperative or contractor. These arrangements perform the 
same technical  function with different  distributions of  capital, 
scheduling  control,  maintenance  responsibility,  and  financial 
risk.

In  the  United  States,  custom  work  and  contracting  are 
ordinary  parts  of  farm  organization  rather  than  exceptional 
alternatives to ownership. The choice is not simply whether to 
mechanize. It is how much control over timing is worth owning, 
which functions can safely be purchased as services, and what 
happens when the outside provider is unavailable at the moment 
everyone in the region needs the same operation.

Fixed costs create strong incentives. A machine that costs 
hundreds of thousands of dollars becomes cheaper per acre 
when  used  over  more  acres,  at  least  until  travel  distance, 
weather windows, soil conditions, labor, or coordination impose 
new  limits.  This  can  favor  farm  expansion  or  custom  work 
because  a  larger  operating  base  spreads  capital  costs.  But 
spreading a fixed cost is not the same as eliminating it. A highly 
utilized  machine  can  still  make  the  whole  operation  more 
vulnerable if its failure stops a critical task.
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CAPITAL CREATES CAPACITY—AND COMMITMENT

Farm capital is productive because it makes things possible. 
Machinery,  irrigation  systems,  greenhouses,  grain  storage, 
livestock  housing,  refrigeration,  fencing,  and  processing 
equipment can reduce labor, improve timing, protect quality, or 
enable production that would otherwise be impossible. Treating 
capital itself  as a defect would ignore much of what modern 
agriculture has accomplished.

The  trade-off  is  commitment.  Once  money  is  tied  up  in 
specialized  assets,  future  decisions  no  longer  start  from  a 
blank  slate. Debt  service  continues  after  a  poor  harvest. 
Depreciation continues while a machine sits idle. A specialized 
building may have little value outside the enterprise for which it 
was designed. A farm can therefore become technically efficient 
and strategically rigid at the same time.

An investment should be judged by the assumptions it locks 
in: what prices must hold, what acreage or herd size must be 
maintained, what repair network must remain available, what 
interest cost can be carried, and how expensive it would be to 
change course. A productive asset  is  also a claim on future 
revenue.

ENERGY DEPENDENCE DOES NOT DISAPPEAR WHEN 
EQUIPMENT BECOMES MORE EFFICIENT

Energy flows through agriculture directly in diesel, gasoline, 
electricity, heating, cooling, pumping, and drying, and indirectly 
through fertilizer, machinery, buildings, transportation, and other 
inputs.  A  farm  can  reduce  energy  used  per  bushel,  per 
hundredweight,  or  per  acre  while  increasing  total  energy 
consumption  because  it  expands  production  or  adds  new 
operations.

Electrification and renewable energy can shift the structure of 
dependence.  Electric  motors  may  be  more  efficient  than 
combustion  engines.  Solar  generation,  batteries,  biogas,  or 
other  systems can reduce reliance on  some fuels.  But  they 
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create their own requirements for grid capacity, storage, power 
electronics, materials, maintenance, and capital. The practical 
test  is  whether the farm can keep doing its  essential  work 
when  the  energy  system  is  stressed:  pumping  water, 
ventilating animals, cooling milk, drying grain, and harvesting 
crops.

DIGITAL TOOLS CHANGE THE MEANING OF REPAIR

As farm equipment becomes more computerized, technical 
dependence changes form. A tractor may still require bearings, 
hydraulic  lines,  filters,  and tires,  but  it  may  also  depend on 
software,  sensors,  diagnostic  tools,  subscription  services, 
geolocation  signals,  proprietary  components,  and  remote 
support. These capabilities can dramatically improve precision 
and  monitoring.  They  can  also  make  a  mechanically  minor 
failure operationally serious if the machine cannot be diagnosed 
or returned to service locally.

Operational autonomy does not require a farm to manufacture 
its own parts or write its own software. It  means that critical 
functions can continue, or be restored quickly enough, when a 
supplier, part, network, technician, or digital service becomes 
unavailable. Useful safeguards may include multiple suppliers, 
spare parts,  local repair capacity,  manual fallbacks,  shared 
equipment, service contracts, or simply choosing less complex 
technology when extra capability adds little value.

Redundancy  has  a  cost.  Keeping  a  backup  machine  or 
maintaining two service pathways can look inefficient in normal 
years.  The  same  capacity  can  become  valuable  during  a 
breakdown.  Technical resilience means balancing maximum 
efficiency in ordinary conditions against the ability to keep 
operating when those conditions fail.

LABOR DOES NOT DISAPPEAR; IT CHANGES FORM

Mechanization  can  reduce  heavy  lifting,  repetitive  motion, 
exposure to dust or chemicals, and other physically demanding 
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tasks. It  can also reduce the number of  workers required to 
perform some operations. That is a real productivity gain. But 
labor does not vanish; its composition changes.

Driving,  calibration,  maintenance,  troubleshooting, 
recordkeeping,  purchasing,  scheduling,  data  management, 
compliance, supervision, and financial management can replace 
part  of  the  physical  workload.  Automation  can  remove  one 
repetitive job and create a requirement for a technician who can 
diagnose a sensor or controller.  Head count and total hours 
alone do not describe the quality of the work.

U.S. agriculture makes these differences in labor easy to see. 
Farm work is carried out by operators and family members as 
well  as  hired  workers,  and  the  balance  varies  greatly  by 
commodity and farm type. Some operations depend primarily on 
owner-operator labor; others rely heavily on year-round hired 
crews,  seasonal  workers,  contractors,  or  specialized  service 
providers. Each labor arrangement brings its own costs, skills, 
scheduling constraints, and vulnerabilities.

THE CALENDAR CAN BE A HARDER LIMIT THAN THE 
ANNUAL WORKLOAD

A farm may have enough labor hours over a year and still be 
short of labor exactly when it matters. Planting, harvest, calving, 
lambing, daily livestock care, irrigation, pest control, and work 
with perishable crops have different  rhythms. Several  critical 
operations can collide in the same week.

Farms  therefore  combine  family  labor,  permanent 
employees,  seasonal  crews,  custom  operators,  and 
contractors. Family  labor  can  offer  flexibility  and  deep 
knowledge of the operation, but it is not free simply because no 
wage changes hands. Long days, missed time off, health effects, 
and work supplied by spouses or relatives can become hidden 
costs. Hired labor can distribute work and preserve skills, but it 
requires recruitment, supervision, housing or transportation in 
some  sectors,  and  the  ability  to  pay  competitive  wages. 
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Seasonal labor can match peaks while creating dependence on 
labor availability at precisely the same moment as neighboring 
farms.

This point does not depend on any one U.S. labor program. A 
farm  is  robust  only  if  it  can  perform critical  work  when  the 
relevant people are absent, sick, aging, unavailable, or no longer 
willing to provide the same hours. Labor is a capacity that must 
exist at the right time, with the right skill.

SAFETY AND QUALITY OF WORK ARE PART OF 
PRODUCTIVE PERFORMANCE

Agricultural work combines machinery, animals, chemicals, 
dust, heat, noise, vehicles, heights, sharp tools, and fatigue. A 
technology  that  reduces  dangerous  exposure  can  be  an 
improvement  even  if  yield  does  not  change.  Conversely,  a 
system can save labor hours by compressing work into long 
shifts, night work, or constant on-call monitoring.

Labor  productivity,  total  labor  demand,  physical  workload, 
safety,  compensation,  and  control  over  work  are  different 
dimensions. Preserving more jobs is not automatically better if 
those jobs are dangerous or impossible to sustain. Eliminating 
labor  is  not  automatically  better  if  it  destroys  livelihoods  or 
concentrates  decision-making  without  compensating  social 
gains.  The same test applies: identify what the arrangement 
accomplishes, what it costs, and who bears that cost.

A FARM MUST BE TRANSFERABLE TO REMAIN A FARMING 
SYSTEM

Human continuity is as important as mechanical continuity. A 
farm may be profitable and technically sophisticated yet difficult 
to pass to another operator because it requires an unusually 
large capital purchase, rare knowledge, continuous family labor, 
or a schedule that few successors are willing to accept.

Passing a farm on involves more than legal inheritance or 
ownership. Can another person learn the routines? Can key 
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tasks  be  delegated?  Are  records  and  operating  knowledge 
accessible? Is the debt load compatible with a new operator? 
Are  there  workers  or  contractors  who  can  replace  a  critical 
person? Can the system continue when the founder is no longer 
present?

A farm that depends on one irreplaceable human being is 
vulnerable in much the same way as a farm that depends on one 
irreplaceable machine.

SCALE CAN LOWER SOME COSTS AND RAISE OTHERS

U.S. agriculture contains farms of radically different sizes and 
business structures. Most U.S. farms are family-owned, yet a 
large share of production is concentrated on midsize and large-
scale family operations. That pattern matters because “family 
farm” and “small farm” are not synonyms, and because scale 
can perform real economic functions.

Larger  operations  can  spread  machinery,  buildings, 
management,  and  specialized  skills  across  more  output.  In 
some sectors those scale  economies are substantial.  At  the 
same time, expansion can increase travel, coordination, hired-
labor needs, management complexity, and exposure to debt or 
specialized infrastructure. Economies of scale are real, but they 
have limits. They apply to particular activities, not to farm size 
as a universal virtue.

Contracts add another layer. In U.S. agriculture, marketing 
and  production  contracts  can  provide  guaranteed  outlets, 
predetermined terms, inputs, or technical support while shifting 
control  and risk between farmers and contractors.  Their  role 
differs  sharply  across commodities;  production  contracting  is 
especially important in some livestock sectors. A contract can 
stabilize one part  of  the system and make another part  less 
autonomous.

JUDGE THE FARM BY WHAT IT DEPENDS ON

Farms do not  need to  own less,  mechanize  less,  employ 



34

more people, or avoid scale as a matter of principle. Every 
operating  choice  creates  a  different  set  of  dependencies. 
Machinery buys timing and labor productivity. Capital buys 
capacity and commits future revenue. Energy enables work 
and creates exposure to supply. Digital tools improve precision 
and can narrow repair options. Labor provides judgment and 
flexibility while creating scheduling and human constraints. 
Scale  can  lower  unit  costs  and  increase  organizational 
complexity.

A high-performing farm is  not  just  efficient  when every 
input, person, market, machine, and service is available. It also 
knows where it is vulnerable and can absorb or repair failures 
before they shut down the operation.

That leads to the next choice: concentrate resources in a 
narrow set of enterprises to gain depth, scale, and simplicity, 
or diversify crops, income, biological functions, and markets 
to  spread  risk.  Either  choice  has  to  be  judged  against  the 
dependencies described here.
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CHAPTER 5 — DIVERSIFY OR SPECIALIZE?

TWO STRATEGIES FOR ORGANIZING COMPLEXITY

Specialization and diversification are often treated as moral 
opposites.  Specialization  is  associated  with  efficiency, 
standardization,  and  industrial  agriculture.  Diversification  is 
associated with  ecology,  resilience,  and independence.  Both 
associations contain real mechanisms. Neither is a verdict.

A specialized farm can concentrate knowledge, machinery, 
facilities, and marketing around a small number of enterprises. 
That can improve technical mastery and reduce coordination 
costs.  A diversified farm can spread biological,  climatic,  and 
market risk; use labor across seasons; create crop rotations; 
reuse co-products;  or  maintain  several  income streams.  But 
diversity also requires management.  More crops mean more 
calendars,  varieties,  settings,  storage  needs,  buyers,  and 
agronomic decisions. More enterprises can mean more fixed 
assets and more points of failure.

The issue is not whether diversity is good in the abstract. It is 
which kind of diversity reduces which vulnerability, and what 
that diversity costs to maintain.

SPECIALIZATION CREATES DEPTH AND CONCENTRATES 
EXPOSURE

Specialization can be a  way of  becoming very  good at  a 
difficult production system. Repeated operations improve skill. 
Equipment  can  be  selected  for  a  narrow task.  Storage  and 
handling can be designed around predictable products. Buyers 
can receive consistent volumes and specifications. A farm can 
justify specialized machinery or facilities because they are used 
intensively enough to lower cost per unit.

This  logic  helps  explain  why  agricultural  production  often 
moves  toward larger  or  more  specialized  operations  without 
assuming  that  farmers  simply  prefer  uniformity.  Technology, 
labor,  contracts,  land markets,  infrastructure,  and processing 
capacity  can  all  reward  concentration.  U.S.  farm  structure 
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reflects  some  of  those  incentives:  production  is 
disproportionately carried out by midsize and large-scale family 
farms even though small family farms dominate the number of 
farms.

But  specialization  concentrates  exposure.  A  grain  farm 
organized  around  a  small  number  of  crops  may  operate 
machinery and labor efficiently while depending heavily on a few 
prices, weather windows, herbicide modes of action, or export 
markets. A specialized dairy may achieve high productivity while 
requiring continuous milk marketing, feed supply, refrigeration, 
labor, and animal-health management. The more a system is 
optimized around one pathway, the more important it becomes 
to understand what happens if that pathway fails.

Specialization and dependence are related but not identical. A 
farm  can  specialize  in  one  commodity  while  diversifying 
suppliers, contracts, varieties, planting dates, storage, or buyers. 
A farm with many crops can remain critically dependent on one 
lender,  irrigation  source,  harvester,  processor,  or  family 
member. Visible diversity is not the same thing as functional 
diversity.

DIVERSIFY WHAT?

Diversification can occur at many levels. A farm can grow 
more  crop  species,  plant  more  varieties,  lengthen  rotations, 
stagger  planting  dates,  add  livestock,  add  processing,  sell 
through multiple channels, generate nonfarm income, or create 
more  ecological  habitat.  These  changes  do  not  perform the 
same function.

A longer rotation can interrupt disease cycles, alter rooting 
patterns,  redistribute  nutrient  demand,  and  spread  fieldwork 
across the calendar. Varietal diversity can reduce the chance 
that one disease or weather event affects every acre in the same 
way. Adding livestock can create a use for forage, residues, or 
manure. Adding direct sales can diversify revenue and create 
entirely new labor, marketing, regulatory, and customer-service 
demands.
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Calling a farm “diversified” is not enough. We need to know 
which  resource  or  risk  has  actually  been  diversified,  and 
whether the new pathway remains independent when a shock 
hits.

INTEGRATION IS MORE THAN PUTTING ENTERPRISES SIDE 
BY SIDE

Two enterprises on one farm are not automatically integrated. 
Crops  and  livestock  become  functionally  integrated  when 
material,  labor,  timing,  or  economic  flows genuinely  connect 
them: forage feeds animals, manure returns nutrients to land 
that  can  use  them,  cover  crops  become  feed,  or  different 
enterprises use the same workforce or equipment at different 
times.

When those links are weak, diversity can simply mean parallel 
businesses sharing an address. A crop enterprise that buys its 
fertilizer  from outside and a livestock enterprise that  imports 
most feed and exports manure do not become circular merely 
because they share ownership.

Some of these connections work better beyond the farm 
itself. A grain farm can supply straw or feed to a neighboring 
livestock operation. A livestock farm can send manure to nearby 
cropland.  Several  operators  can  coordinate  custom  work, 
storage, grazing, or crop rotations. In the United States, those 
functions  may  be  organized  through  commercial  service 
providers,  contracts,  cooperatives,  neighboring  farms,  or 
informal  sharing  arrangements.  What  matters  is  what  the 
arrangement actually accomplishes, not the label attached to 
it.

ROTATIONS CREATE DIVERSITY THROUGH TIME

Crop  rotation  is  one  of  the  clearest  examples  because 
diversity  is  created  sequentially  rather  than  by  growing 
everything  at  once.  Different  crops  can  interrupt  pests  and 
diseases,  alter  nutrient  requirements,  provide  different  root 
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structures, and spread labor across the year. A legume may 
reduce nitrogen demand for a following crop. A winter crop may 
protect soil during a season when another field would be bare.

But every additional crop has to be produced and sold. A 
theoretically elegant rotation can fail economically if there is no 
local  buyer,  no suitable storage,  no contractor  with the right 
equipment, or insufficient knowledge to grow the crop reliably. 
Diversification can move a problem from biology into logistics.

The whole rotation has to be compared, not just one crop. 
What does the additional crop replace? Which inputs fall? What 
happens to total yield and margin over the rotation? What new 
machinery  or  custom work  is  required?  Does  labor  become 
better  distributed  or  more  complicated?  Does  the  new crop 
create a genuine market or merely an agronomic benefit with no 
viable outlet?

MIXED CROP-LIVESTOCK SYSTEMS CAN CLOSE LOOPS—
AND OPEN NEW ONES

Crop-livestock integration can create real complementarities. 
Animals can use forage, crop residues, and some processing 
by-products. Manure can return nutrients and organic matter to 
fields.  Perennial  or  temporary  forage  can  enter  rotations. 
Livestock income can diversify farm revenue.

The same system can add major coordination costs. Animals 
require  daily  care  that  annual  crops  do  not.  Fences,  barns, 
feeding  equipment,  manure  handling,  veterinary  care,  and 
forage storage create capital  demands. Labor calendars can 
collide rather than complement one another. A mixed farm may 
need expertise in several occupations at once.

The fact that a nutrient loop is possible does not prove that it is 
economical  or  manageable.  A  technically  elegant  integrated 
system can be difficult to operate if labor is scarce, markets are 
distant, facilities are expensive, or the scale of each enterprise is 
too small to justify specialized infrastructure.

Integration  does  not  have  to  fit  inside  one  ownership 
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boundary.  Regional exchange among specialized farms can 
sometimes create the same material  complementarity  with 
less complexity on each farm. The right scale depends on the 
job being done.

ECONOMIES OF SCALE AND ECONOMIES OF SCOPE ARE 
DIFFERENT

Specialization can create economies of scale: one machine, 
building,  employee  skill,  or  management  system  is  spread 
across  more  units  of  output.  Diversification  can  create 
economies  of  scope:  several  enterprises  share  land,  labor, 
facilities, by-products, or market relationships.

Neither economy is guaranteed. A combine used across more 
acreage may lower cost per acre until weather windows, travel 
time, or machine capacity become limiting. A diversified farm 
may share labor efficiently across seasons or end up owning 
several  underused  sets  of  equipment.  Adding  enterprises  is 
beneficial only when the complementarities are worth more than 
the additional coordination and fixed costs.

This  distinction  helps  explain  why  U.S.  farms  can  remain 
highly specialized while relying heavily on outside services. A 
farm may avoid owning a specialized harvester by hiring custom 
work,  or  avoid  building  a  complete  processing  chain  by 
contracting  with  a  processor.  Outsourcing  can  preserve 
specialization without requiring ownership of every asset. It can 
also create a new critical dependence if few providers exist.

DIVERSIFICATION REDUCES ONLY RISKS THAT ARE 
ACTUALLY DIFFERENT

The intuitive case for diversification is that not everything fails 
at  once.  That  is  true  only  when  exposures  are  imperfectly 
correlated.

Several crops may all suffer from the same regional drought. 
Multiple livestock and crop enterprises may all be hit by a surge 
in energy or interest costs. Different products may share the 
same  processor,  lender,  irrigation  system,  or  transportation 
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corridor. A farm can look diverse and remain dependent on one 
underlying bottleneck.

Physical stability and financial stability are not the same 
thing. Crop diversity can reduce yield volatility while increasing 
labor  or  capital  needs.  A processing enterprise can stabilize 
margins while introducing food-safety, liability, or marketing risk. 
A direct-market channel can raise margins and require many 
more hours of  customer-facing work.  Resilience comes from 
genuinely  different  fallback  pathways,  not  from  counting 
enterprises.

COMPLEXITY CAN BE A CAPABILITY OR A BURDEN

Diversification increases the amount  of  information a farm 
must manage. Different crops have different planting windows, 
diseases, harvest requirements, and markets. Livestock adds 
daily  biological  management.  Direct  marketing adds logistics 
and  customers.  Agroforestry  adds  long  time  horizons. 
Processing  adds  regulatory,  food-safety,  and  capital 
requirements.

That complexity can become expertise. A skilled team can 
manage a highly integrated farm better than a less experienced 
operator can manage a simple one. Seasonal complementarities 
can improve labor use. Multiple enterprises can allow different 
family members or employees to specialize.

But learning has a cost. A farm moving from a specialized 
system into a diversified one may need several seasons before it 
understands  the  new  biological  interactions,  markets,  and 
scheduling constraints. It may have to buy or rent equipment, 
find custom operators, renegotiate land use, build relationships 
with  new  buyers,  or  accept  lower  performance  during  the 
transition. A system that looks attractive after ten years can be 
difficult to reach from where a farm starts today.

THE REGION MAY MATTER MORE THAN THE FARM

Diversity can exist inside a field, across a rotation, within a 
farm, among neighboring farms, across a watershed, or in a 
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national food system. These levels should not be confused.

A relatively uniform field can sit inside a landscape containing 
several  crops,  grasslands,  wetlands,  woodlots,  and  habitat 
corridors. A specialized farm can participate in a diverse regional 
economy through crop exchanges,  custom services,  manure 
markets, processors, and shared infrastructure. A region can 
specialize  in  a  crop  particularly  suited  to  its  climate  while 
belonging  to  a  national  system  whose  production  is 
geographically diversified.

The opposite risk also exists.  If  an entire  region depends 
heavily on one crop, one livestock sector, one processing plant, 
or  one  water  source,  a  shock  can  propagate  far  beyond 
individual farms. Diversity that appears unnecessary at the farm 
level can therefore become valuable at a larger scale.

Policy  should  not  automatically  require  every  farm  to 
reproduce all the diversity desired in the food system. Some 
complementarities are more efficient across farms or regions. 
But  it  is  equally  unsafe  to  assume  that  individually  rational 
specialization  will  automatically  create  enough  collective 
redundancy.  Processing  plants,  storage,  markets,  technical 
services, and infrastructure often determine whether regional 
diversity can exist at all.

EVERY CHOICE CREATES A DIFFERENT SET OF 
DEPENDENCIES

Specialization  and  diversification  are  best  understood  as 
alternative  ways  of  organizing  dependence.  Specialization 
concentrates knowledge, capital, and exposure. Diversification 
distributes  some  exposures  and  creates  potential 
complementarities while increasing coordination costs.

The best arrangement depends on what the farm needs to 
accomplish. If  expensive equipment  and a dedicated supply 
chain produce large gains, specialization may be rational. If a 
longer rotation removes a major biological bottleneck, temporal 
diversity may be worth the extra coordination. If livestock can 
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use low-opportunity-cost  forage and recycle nutrients locally, 
crop-livestock integration can perform a clear function. If  the 
added enterprise requires heavy capital,  scarce labor,  and a 
weak market,  the mere fact  that  it  increases diversity  is  not 
enough to justify it.

No single  score  can decide  among yield,  margin,  income 
stability, labor, capital, biodiversity, input dependence, market 
access,  resilience,  emissions,  and  reversibility.  A  farm  is 
simultaneously a biological system, a workplace, a business, an 
asset base, and part of a regional network. Those dimensions 
can  be  measured.  The  weight  assigned  to  them cannot  be 
hidden inside the word “diversified” or “specialized.”

A robust system aims for neither maximum concentration 
nor  maximum  variety.  It  needs  enough  focus  to  stay 
competent and productive, enough redundancy to avoid being 
trapped by one pathway,  and enough simplicity  to remain 
manageable.

The next part changes the subject. Crops, machinery, labor, 
and business structure can all be evaluated without adding a 
sentient  animal  to  the  system.  Livestock  cannot. The  next 
chapter  begins  with  the  question  that  should  precede  any 
argument over livestock systems: what  function does raising 
animals actually perform, and when is that function worth its 
costs?
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PART III — RAISING ANIMALS

CHAPTER 6 — WHY RAISE ANIMALS?

THE QUESTION COMES BEFORE THE VERDICT

Livestock has been part of agriculture for thousands of years, 
but history by itself does not tell us what role animals should play 
in a modern food system. Animals have provided meat, milk, 
eggs, fiber, traction, manure, income, savings, and access to 
biomass that humans cannot digest. They have helped people 
use grasslands, rangelands, crop residues, and processing by-
products.  They  have  also  required  land,  feed,  water,  labor, 
buildings,  and  energy;  produced  greenhouse  gases  and 
concentrated nutrients; and placed human beings in control of 
the lives and deaths of sentient animals.

All of those statements can be true at once.

Livestock  is  neither  inherently  necessary  nor  inherently 
wasteful. The real test is whether a particular livestock system 
provides  food,  agronomic,  ecological,  economic,  or  social 
benefits  that  a  realistic  alternative  could  not  deliver  more 
effectively or at lower relevant cost.

That  standard  rules  out  both  easy  defenses  and  easy 
condemnations. A  cow grazing  land that  cannot  reasonably 
grow crops is not doing the same thing as an animal fed large 
quantities of grain grown on high-quality cropland. A hog using 
food-processing by-products  is  not  identical  to  a  hog whose 
ration depends mainly on crops produced specifically for feed. A 
flock supporting a pastoral  household in  a dry region is  not 
equivalent to a highly capitalized confined operation serving a 
distant commodity market. “Livestock” is too broad a category to 
function as a conclusion.

ANIMALS CAN TURN LOW-VALUE BIOMASS INTO FOOD

The strongest  material  argument  for  livestock  begins  with 
digestion.  Humans  cannot  directly  use  cellulose  in  the  way 
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ruminants can. We also do not eat much of the straw, hulls, bran, 
oilseed meals, pulp, brewing by-products, crop residues, and 
other materials that flow through agricultural and food systems. 
Under the right conditions, animals can convert some of that 
biomass into foods with substantial nutritional value.

Global research on the feed-food relationship has estimated 
that a large majority of the dry matter consumed by livestock is 
not directly edible by humans. That finding matters because it 
corrects the image that every pound of feed given to an animal is 
a pound of human food lost. But the same global average can 
mislead if it is used to justify every livestock system. It says little 
about  a  specific  ration,  the  land  that  produced  it,  or  the 
alternative uses of the biomass.

A feed-conversion ratio is not enough by itself. We also need 
to know what the animals eat, where that feed comes from, 
and what else it could have been used for.

Grass from permanent rangeland is not equivalent to wheat or 
corn  grown  on  productive  cropland.  A  crop-processing  by-
product  is  not  equivalent  to a crop planted primarily  to  feed 
animals.  Nor  is  every  “waste”  stream  truly  free.  Some  by-
products have competing uses in other animal rations, human 
food  ingredients,  energy,  soil  amendments,  or  industrial 
processes. Opportunity cost has to be measured, not assumed 
away by vocabulary.

That changes how feed efficiency should be read. Poultry 
and hogs generally  convert  concentrated rations into  animal 
product more efficiently than ruminants on a gross-feed basis. 
But  concentrated rations often draw more heavily  on grains, 
oilseeds, and high-quality cropland. Ruminants may use more 
feed mass and more land while extracting food from grass and 
fibrous  material  humans  cannot  directly  eat.  The  ranking 
changes depending on whether  the  scarce resource is  feed 
mass,  human-edible  protein,  cropland,  greenhouse-gas 
emissions, water, or nutritional output.

The food case for livestock is strongest when animals turn 
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resources with little direct value as human food into food or 
services that would otherwise be hard to obtain. It becomes 
harder  to  justify  on  this  ground  as  its  ration  depends  more 
heavily on scarce crops or land with valuable alternative uses.

NUTRITIONAL VALUE IS REAL, BUT IT DOES NOT SET A 
UNIVERSAL QUANTITY

Animal-source foods provide high-quality protein and several 
nutrients that can matter in human diets. Their value can be 
especially  important  in  some  populations,  life  stages,  or 
deficiency contexts. A serious analysis should not erase that 
function merely because animal agriculture has environmental 
costs.

But nutritional value does not imply that every person needs 
the  same  amount  of  meat,  milk,  or  eggs,  or  that  current 
consumption  levels  in  affluent  populations  are  nutritionally 
required. The comparison has to cover the whole diet: which 
nutrients  are  supplied,  what  alternatives  exist,  whether 
people  can  afford  and  realistically  use  them,  and  what 
production systems those alternatives require.

Nutrition gives animal-source foods a real role, not a blank 
check. It has to be evaluated together with the opportunity cost of 
feed, the environmental effects of production, animal welfare, 
and the availability of substitutes.

ANIMALS CAN CONNECT MATERIAL FLOWS—WITHOUT 
CREATING NUTRIENTS

Livestock  can  also  perform  an  agronomic  function  inside 
mixed  farming  systems.  Crop  residues  can  feed  animals. 
Manure can return nitrogen,  phosphorus,  potassium, carbon, 
and  other  materials  to  fields.  Forage  crops  and  perennial 
pastures  can  enter  rotations.  Livestock  can  provide  income 
when crop prices or yields are poor.

These relationships  can make a farm more circular,  but 
“circular” should not hide the nutrient balance sheet. Animals 



46

do  not  create  phosphorus  or  potassium.  They  consume 
nutrients, retain some in growth and products, return some in 
manure  and  urine,  and  lose  some to  air,  water,  or  storage 
systems.  A  farm  that  exports  milk,  meat,  eggs,  or  crops  is 
exporting  nutrients.  If  the  system  imports  feed,  it  is  also 
importing the nutrients contained in that feed.

Manure can therefore be both a fertilizer and a pollution 
problem. Where nutrient demand and manure supply are well 
matched, manure can reduce reliance on outside fertilizer and 
improve  soil  organic  matter.  Where  large  quantities  of  feed 
nutrients are imported into a livestock region and manure cannot 
be returned to enough cropland at agronomically appropriate 
rates,  the  same  material  becomes  surplus  nitrogen  and 
phosphorus, with consequences for water and air.

Calling manure “natural” tells us very little. Its significance 
depends on where the nutrients came from, where they go, 
how much crop demand exists, how much is lost, and what 
transport is required to rebalance the system.

Livestock can also absorb variability. Grain that fails a human-
food quality standard, processing by-products, or some residual 
biomass may still be usable as feed. That creates flexibility. Yet 
once a livestock sector becomes large, its demand can stop 
being residual and begin structuring crop production itself.  A 
system that  started  by  using  surplus  can  eventually  require 
dedicated feed supply.

Circularity  is  something  to  measure,  not  a  moral  label. 
Animals contribute most clearly when they make better use of 
flows that already exist and reduce waste or external extraction 
without creating a larger dedicated resource stream merely so 
that it can be recycled afterward.

LAND QUALITY CHANGES THE LAND-USE ARGUMENT

Statements about livestock land use often become misleading 
because they add unlike acres together. Productive cropland, 
permanent pasture, dry rangeland, mountain grazing, irrigated 
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forage ground,  and converted forest  are not interchangeable 
assets.

Ruminants can use vegetation on land that would produce 
little  or  no  human  food  through  cropping.  This  function  is 
especially  relevant  in  the  American  West,  on  many  dry 
rangelands,  and  in  other  regions  where  grazing  uses  plant 
biomass that cannot simply be replaced acre-for-acre with corn, 
soybeans, vegetables, or other food crops. The same is true 
globally across many grassland and pastoral systems.

But “not suitable for crops” does not mean “has no alternative 
value.” Rangeland can provide wildlife habitat, carbon storage, 
watershed  functions,  recreation,  cultural  value,  and  nonuse 
value. Grazing itself can maintain some desired open habitats in 
one context and degrade vegetation, soil, or streams in another. 
Stocking rate, season, drought, mobility, invasive species, and 
management matter.

The alternative has to  be explicit.  If  grazing stops,  what 
happens? Does vegetation recover? Does shrub or tree cover 
increase? Does wildfire risk change? Does habitat improve for 
some species and decline for others? Is the land converted to 
something more damaging? Does a rural economy lose a viable 
use of a landscape with few alternatives?

The same test applies to feed crops. Corn or soybeans grown 
on productive cropland for livestock carry a different opportunity 
cost from grass on nonarable rangeland. Land-use comparisons 
should therefore distinguish land types, histories, and realistic 
alternatives rather than rely on total acreage alone.

LIVESTOCK CAN FUNCTION AS INCOME, CAPITAL, AND 
INSURANCE

In many parts of the world, livestock is not merely a food-
production sector. Animals can be a form of savings, collateral, 
transportable wealth,  traction,  fertilizer,  insurance,  and social 
security.  A  household  with  a  few  cattle,  goats,  sheep,  or 
chickens may be holding productive assets that reproduce and 
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can be sold when cash is needed. Where financial institutions 
are weak, that function is difficult to replace quickly.

In the United States, livestock enterprises support networks of 
feed suppliers, veterinarians, truckers, processors, equipment 
firms,  slaughter  plants,  dairy  plants,  hatcheries,  genetics 
companies,  and  rural  communities.  A  region  can  become 
economically  organized  around  cattle,  dairy,  poultry,  or  hog 
production.  Reducing  or  transforming  that  sector  can  lower 
some environmental costs and impose concentrated transition 
costs on people, businesses, and places built around it.

None  of  this  means  every  existing  operation  should  be 
preserved.  Economic  importance  does  not  make  a  system 
sustainable. It does mean that transitions distribute costs and 
benefits  unevenly. If  benefits  are  broad  and  losses  are 
concentrated, policy has to confront who bears the adjustment 
rather than pretending that a technically preferable end state 
arrives without cost.

Cultural  functions belong in the same category.  Ranching, 
dairying, grazing traditions, regional cuisines, county fairs, and 
other livestock-related practices can carry identity and meaning. 
Tradition does not settle the moral or ecological question. It does 
make the transition problem more complex than substituting one 
nutrient source for another.

CLIMATE COSTS DO NOT DISAPPEAR BECAUSE OTHER 
FUNCTIONS ARE USEFUL

Recognizing  livestock  functions  should  not  minimize  their 
climate  impact.  Livestock  agrifood  systems  account  for  a 
substantial  share  of  global  greenhouse-gas  emissions. 
Ruminants  are  especially  important  because  enteric 
fermentation produces methane, while manure, feed production, 
energy use, and land-use change add further emissions.

That creates a real trade-off. The same rumen biology that 
allows  cattle,  sheep,  and  goats  to  turn  cellulose  into  food 
produces  methane.  A  grass-based  system  may  compete 
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relatively little with human food and still carry a high greenhouse-
gas footprint per unit produced. A more intensive system may 
reduce emissions per pound of milk or meat by increasing output 
per  animal  while  using  more  concentrated  feed,  imported 
nutrients, capital, or energy.

Unit  emissions and total  emissions must  remain separate. 
Improving  emissions  intensity  can  be  useful  and  still  fail  to 
reduce  total  sector  emissions  if  production  grows  enough. 
Management, genetics, animal health, manure handling, diet, 
grazing, and methane-reducing technologies can all matter, but 
none removes the question of total production and total demand.

Other  environmental  dimensions  remain  separate  as  well. 
Manure can recycle nutrients and contaminate water. Grazing 
can  maintain  habitat  and  contribute  to  degradation.  Feed 
production  can  require  irrigation,  fertilizer,  and  pesticides.  A 
system can perform well on one of these dimensions and poorly 
on another.

ANIMAL WELFARE IS A DIFFERENT KIND OF CONSTRAINT

Environmental  performance  does  not  tell  us  whether  the 
animals themselves are living well. A highly efficient system can 
produce poor welfare. A low-input or outdoor system can also 
produce  poor  welfare  through  hunger,  parasites,  weather 
exposure, predation, injury, or inadequate care.

Animal welfare therefore has to be judged directly through 
health,  behavior,  injury,  mortality,  body  condition, 
locomotion, fear, rest, access to resources, and other species-
specific indicators. The fact that a system is “natural,” “pasture-
based,” “local,” or “high-tech” cannot substitute for observing the 
animals.

Even  excellent  welfare  does  not  end  the  moral  analysis, 
because most animal-production systems ultimately kill animals. 
Whether killing is justified, what moral status animals have, and 
what  obligations  humans  acquire  by  deliberately  breeding 
dependent animals are questions that cannot be answered by 
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feed efficiency or greenhouse-gas accounting. Chapter 8 will 
separate those issues carefully.

NET FUNCTION, NOT IDENTITY

A clearer way to judge livestock is to ask what it contributes 
after its costs are counted.

The case for a livestock system is stronger when animals 
mostly use biomass or land with little opportunity cost for 
human  food.  It  is  stronger  still  when  they  provide  food, 
livelihoods,  or  territorial  services that  are hard to  replace, 
return  nutrients  without  overloading  local  land,  avoid 
destructive land conversion, keep emissions compatible with 
broader  climate  constraints,  and  meet  demanding  welfare 
standards.

The case  becomes  weaker  when  animals  rely  heavily  on 
crops  directly  competing  with  human  food,  occupy  or  drive 
conversion  of  high-value  ecosystems,  concentrate  nutrients 
beyond local absorptive capacity, depend on low welfare or poor 
labor conditions to maintain price, or perform a function that a 
less costly alternative could provide.

These criteria  should  not  be  combined  into  one  score.  A 
pound of protein, a ton of carbon dioxide equivalent, a rural job, 
an  acre  of  rangeland,  and  animal  suffering  are  not 
commensurable units. Some conflicts remain moral or political 
after all measurable facts are known.

The likely conclusion is neither “livestock is necessary” nor 
“livestock  is  obsolete.” A  sustainable  food system may well 
contain fewer animals in some sectors, different rations, greater 
use  of  grassland  and  by-products,  better  nutrient  matching, 
lower emissions, and higher welfare standards. But that is a 
hypothesis  to  be  tested  against  real  systems  rather  than  a 
slogan to be assumed.

The next  chapter  makes that  test  more  concrete.  Species 
biology matters, but the way the production system is built 
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matters more than the species name by itself.
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CHAPTER 7 — LIVESTOCK SYSTEMS IN THE 
REAL WORLD

SPECIES MATTERS, BUT SYSTEM DESIGN MATTERS MORE

Cattle, sheep, goats, hogs, chickens, and dairy animals differ 
biologically. Ruminants digest cellulose. Hogs and poultry use 
concentrated  diets  more  efficiently.  Dairy  cows  produce  a 
continuous stream of milk. Broiler chickens grow rapidly. Laying 
hens convert feed into eggs over time. Those differences are 
real, but they do not determine the environmental, economic, or 
welfare performance of a farm by themselves.

A beef cow on native range and a feedlot steer draw on very 
different sets of resources. A pasture-based dairy and a high-
output confined dairy can differ in feed, land, manure handling, 
labor, energy, and capital.  A hog operation using substantial 
food-industry by-products and another relying on a conventional 
grain-soy ration can have different feed-food competition even if 
the species is identical.

A fair comparison asks the same questions of every system. 
What do the animals eat? What land produces that feed? How 
much  of  the  ration  competes  with  human  food?  What  is 
produced?  What  greenhouse  gases  are  emitted?  Where  do 
nutrients go? What health and welfare risks arise? What labor, 
infrastructure,  contracts,  and  capital  are  required?  Which 
functions disappear if the system is removed?

RUMINANTS TRADE CELLULOSE USE FOR METHANE

Cattle, sheep, and goats occupy a special place because they 
can turn grass, rangeland, crop residues, and other fibrous feeds 
into food. In places where cropping is limited by slope, aridity, 
soil,  or  climate,  that  ability  can  create  a  genuine  food  and 
economic function.

This helps explain the importance of cow-calf ranching and 
grazing systems across large parts of the United States. Land 
that supports grazing is not necessarily land that could produce 
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equivalent  human  food  through  crops.  Ranching  can  also 
maintain local employment, use dispersed forage, and sustain 
infrastructure and knowledge suited to extensive landscapes.

The  same  physiology  also  carries  a  major  climate  cost. 
Enteric fermentation produces methane. A system can therefore 
score well on direct competition with human-edible crops and 
poorly on greenhouse-gas emissions. That conflict cannot be 
solved by choosing one metric and ignoring the other.

Dairy production adds another layer. Higher milk output per 
cow can spread maintenance requirements across more milk 
and reduce some impacts per pound or gallon. But higher output 
may depend on greater concentrate use, imported feed, cooling, 
housing, specialized genetics, and high-quality forage. A lower-
input dairy may use more pasture and less purchased feed while 
requiring  more  land  or  producing  fewer  pounds  of  milk  per 
animal.  “Efficient  dairy”  has  no  meaning  until  the  scarce 
resource and system boundary are specified.

Beef systems vary just as much. A cow-calf operation can use 
extensive rangeland and distribute manure directly.  Finishing 
animals in concentrated feeding systems can shorten time to 
market and control diet closely, while concentrating manure and 
relying more heavily on feed crops and transport. Comparing 
“grass”  with  “grain”  as  identities  misses  the  system.  The 
meaningful comparison includes land, feed, methane, manure, 
labor, welfare, and output.

MONOGASTRICS USE FEED EFFICIENTLY AND DEPEND 
MORE ON CROPLAND

Hogs and poultry generally convert  concentrated feed into 
animal  product  with  less  feed  per  pound  of  output  than 
ruminants. They also produce much less enteric methane. From 
the narrow perspective of gross feed conversion or greenhouse-
gas emissions intensity, that is an advantage.

But  their  rations  usually  rely  more  heavily  on  grains  and 
protein feeds produced on cropland. The building footprint may 
be small  while the feed footprint  extends across large areas 
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elsewhere. A poultry house does not occupy the acres that grew 
corn and soybeans for its ration, but those acres remain part of 
the system.

Hogs can occupy a particularly flexible position because they 
can use some food-processing by-products and other residual 
feeds, subject to nutritional and health constraints. The more the 
ration draws on low-opportunity-cost streams, the stronger the 
circularity argument becomes. The more it depends on crops 
grown specifically for feed, the more the system competes with 
other uses of cropland.

Poultry  demonstrates  a  different  form  of  specialization. 
Modern  broiler  production  combines  genetics,  controlled 
environments, carefully formulated feed, health management, 
and  short  production  cycles  to  achieve  high  output.  That 
efficiency depends on a tightly coordinated technical system. 
Feed delivery, ventilation, electricity, water, temperature control, 
disease prevention, processing capacity, and transport all have 
to work reliably.

In U.S.  poultry and hog production, production contracts 
can be central to how the system works. USDA data show that 
production contracting is especially important in these sectors. 
Contractors may provide animals, feed, veterinary or technical 
inputs,  and marketing  while  growers  provide  housing,  labor, 
land,  and  daily  management.  The  arrangement  can  reduce 
some  market  and  input-price  uncertainty  for  growers  while 
creating  dependence  on  a  contractor  and  on  specialized 
buildings with limited alternative uses. Biological feed efficiency 
alone cannot explain the system.

CONCENTRATION CHANGES NUTRIENT FLOWS

When animals are dispersed across pasture or rangeland, 
manure is deposited over a wide area. That can return nutrients 
directly to soil  and reduce collection and hauling. It  can also 
make nutrient recovery less controllable and expose animals to 
weather, parasites, predators, and variable forage.
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When  animals  are  concentrated  in  barns,  lots,  or  other 
confined  systems,  manure  becomes  collectable  and 
manageable as a distinct stream. It can be stored, composted, 
digested, hauled, and applied at chosen rates.  Concentration 
can improve control. It can also create a nutrient surplus if feed 
imports bring more nitrogen and phosphorus into a site or region 
than nearby cropland can use.

The  U.S.  regulatory  category  of  a  Concentrated  Animal 
Feeding Operation is useful only for one particular part of this 
analysis.  Under the Clean Water Act,  certain animal  feeding 
operations that meet the regulatory definition of a CAFO are 
treated  as  point  sources  for  water-pollution  purposes,  and 
discharges  can  trigger  NPDES  permitting  and  nutrient-
management requirements. That category is not a synonym for 
“intensive livestock farming,”  nor  is  every confined operation 
automatically a CAFO. Its relevance here is narrower: federal 
law recognizes that concentrating animals, feed, manure, and 
wastewater on limited land can create water-pollution risks 
that require specific controls.

The agronomic principle extends beyond the legal category. 
Manure becomes a resource when nutrient supply is matched to 
crop demand, timing, storage, and land availability. It becomes a 
pollution risk when too much nutrient is concentrated relative to 
the land base capable of using it.

BIOSECURITY IMPROVES CONTROL AND RAISES THE COST 
OF FAILURE

Confinement  and  concentration  can  make  animal  health 
easier  to  monitor.  Controlled  entry,  vaccination,  ventilation, 
sanitation, feed management, and observation can reduce some 
hazards.  But  they can also increase the consequences of  a 
pathogen entering a dense population of  animals connected 
through feed, vehicles, workers, and animal movement.

Biosecurity is not merely a benefit of intensive production; 
it is part of what makes the system possible. A failure can affect 
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many animals quickly.

The same caution applies  to  antimicrobial  use.  Veterinary 
treatment can be necessary for welfare.  Excessive or poorly 
targeted use can contribute to antimicrobial resistance. Low use 
is not automatically evidence of good welfare if sick animals go 
untreated; high use can indicate structural health problems or 
appropriate treatment. Prevention, disease burden, treatment, 
and resistance pressure must remain separate.

CAPITAL AND LABOR CHANGE WITH CONCENTRATION

Large-scale livestock systems can achieve very high labor 
productivity  through  automated  feeding,  milking,  ventilation, 
manure handling, egg collection, climate control, and monitoring. 
One worker  can care  for  far  more  animals  than in  a  lightly 
mechanized system.

Those labor gains are real, but they depend on electricity, 
equipment,  buildings,  financing,  and  technical  support. A 
ventilation failure or power outage in a dense poultry or hog 
building can become a welfare emergency quickly.  A robotic 
milking system can reduce repetitive labor and create a new 
dependence on software, sensors, and specialized service.

Extensive  systems  organize  labor  differently. They  may 
require  more  acreage,  travel,  fencing,  observation,  animal 
movement, and weather exposure. They can depend less on 
some fixed infrastructure and more on skilled judgment, mobility, 
and access to land.

Neither  approach  is  cost-free. The  correct  comparison 
includes  labor  conditions,  capital  risk,  repairability,  health, 
welfare,  and  the  value  of  the  output—not  simply  head  per 
worker.

THE SYSTEM BOUNDARY MUST FOLLOW THE FLOWS

A livestock operation can appear efficient inside the farm gate 
while importing most of its feed, nutrients, replacement animals, 
and  energy  from  elsewhere.  Another  can  import  a  nearby 
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processing  by-product  and  return  manure  to  surrounding 
cropland in a way that genuinely closes a regional loop.

The  analysis  should  follow  the  actual  flows  instead  of 
stopping at the property line. Feed crops, grazing land, manure 
application,  slaughter  or  processing  plants,  transportation, 
water, energy, and markets may all sit outside the property line 
and still belong to the relevant analysis.

This is especially important in highly specialized regions. A 
large concentration of animals can support efficient feed mills, 
veterinary services, hatcheries, processing plants, trucking, and 
specialized labor.  Those same clusters can make the region 
dependent  on  a  few  facilities  and  concentrate  nutrients  or 
disease  risk.  Regional  specialization  brings  economies  and 
vulnerabilities at the same time.

NO SPECIES WINS ON EVERY DIMENSION

Ruminants possess an advantage monogastrics do not: they 
can use cellulose-rich biomass and extensive grazing land. Their 
principal climate disadvantage is methane, and their land use 
can be large. Hogs and poultry convert concentrated feed more 
efficiently and generally have lower greenhouse-gas emissions 
intensity, but depend more on cropland and concentrated supply 
chains. Intensive systems can lower some impacts per unit while 
increasing  capital  and  infrastructure  dependence.  Extensive 
systems  can  use  local  forage  and  allow  more  behavioral 
freedom  while  exposing  animals  to  weather,  parasites, 
predation, and lower labor productivity.

This is not relativism. Some systems can perform poorly on 
several dimensions at once. A livestock operation can combine 
high  feed-food  competition,  nutrient  overload,  poor  welfare, 
destructive land-use change, and financial fragility. Another can 
deliver real territorial or food functions while retaining a serious 
methane  cost.  Showing  all  of  these  dimensions  does  not 
prevent judgment. It prevents one favorable indicator from 
quietly deciding the whole case.
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The test can now be stated more plainly: What resources 
does  the animal  use?  What  else  could those resources  do? 
What service does the animal provide? What other system 
could  provide  it?  Which  costs  are  shifted  elsewhere,  and 
which of them can realistically be reduced?

The next chapter adds the dimension that no feed or land 
calculation can settle: the condition of the animal itself and the 
moral obligations created by using sentient beings in production.
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CHAPTER 8 — THE ANIMAL AS A LIVING BEING

PRODUCTIVITY DOES NOT DESCRIBE THE ANIMAL’S 
EXPERIENCE

Animal  agriculture  differs  from  crop  production  in  one 
morally  important  way:  it  organizes  the  life  of  a  sentient 
animal. It affects when animals are born, how they are bred, 
what  they  eat,  where  they  live,  whether  they  can  move  or 
socialize, how disease is treated, how they are transported, and 
in most systems how they die.

That fact does not decide the ethics of animal agriculture by 
itself. It does mean that a complete evaluation cannot stop at 
pounds of meat, gallons of milk, feed conversion, emissions, or 
profitability.

A farm animal is a biological organism whose disease, growth, 
fertility, mortality, and injuries can be measured. It is also an 
individual capable of experiencing states that are better or worse 
for it: pain, fear, hunger, discomfort, frustration, social contact, 
exploration,  rest,  play,  and  other  positive  or  negative 
experiences.  Animal-welfare  science  exists  because  survival 
and productivity are insufficient descriptions of those states.

The  first  task  is  to  keep  evidence  and  moral  judgment 
distinct. Science  can  document  lameness,  lesions,  mastitis, 
fractures, mortality, fear responses, stereotyped behavior, heat 
stress, and evidence of consciousness or unconsciousness. It 
can  compare  housing,  handling,  transport,  and  stunning 
methods. Science does not, by itself, decide whether humans 
are justified in breeding an animal for food or whether painless 
killing is morally acceptable.

HEALTH IS NECESSARY FOR WELFARE BUT NOT 
IDENTICAL TO IT

Disease and injury usually worsen welfare. An animal that is 
lame, infected, hungry,  injured, overheated, or  in pain is not 
doing well merely because it remains productive.
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But an animal can be healthy in a narrow veterinary sense and 
still  live  in  an  environment  that  severely  limits  movement, 
exploration, social interaction, nesting, rooting, grazing, or other 
strongly motivated behaviors. Conversely, outdoor access and 
greater  freedom  can  expose  animals  to  weather,  parasites, 
predators, toxic plants, and disease.

System labels  are  poor  substitutes  for  welfare  evidence. 
“Pasture-raised,”  “cage-free,”  “confined,”  “organic,”  or  “high-
tech”  tells  us  something  about  management  and  nothing 
conclusive  about  the  animal’s  actual  condition.  Welfare 
assessment has to look at animal-based outcomes and species-
specific needs.

Modern  welfare  frameworks  increasingly  include  positive 
experience  and  agency  as  well  as  the  absence  of  severe 
suffering. The Five Domains approach, for example, considers 
nutrition, physical environment, health, behavioral interactions, 
and mental state. That does not mean scientists can calculate 
one precise quantity called animal happiness. It does mean a 
good life cannot be defined solely as the absence of obvious 
injury.

A system should be judged not only by whether animals 
avoid acute suffering, but also by whether they can perform 
important behaviors, rest comfortably, interact appropriately, 
and exercise some control over their environment when those 
opportunities matter for the species.

SELECTION CAN MOVE COSTS INTO THE ANIMAL’S BODY

Agriculture  has  always  selected  animals.  Genetic 
improvement is not inherently a welfare problem. Breeding can 
improve  disease  resistance,  fertility,  longevity,  robustness, 
temperament, and adaptation as well as productivity.

Problems  arise  when  selection  becomes  too  narrow. 
Extremely rapid growth, very high milk output, or large litter size 
can  produce  trade-offs  with  locomotion,  metabolism, 
reproductive  health,  longevity,  or  maternal  capacity.  A 
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productivity gain is not an overall  gain if  the animal bears a 
substantial biological cost that the production metric ignores.

The  real  contrast  is  not  between  modern  genetics  and 
“natural”  animals. It  is  one-dimensional  selection  versus 
breeding that includes health, robustness, behavior, longevity, 
and welfare among the traits that matter.

Routine body alterations raise a related issue. Castration, tail 
docking, beak trimming, dehorning, and other procedures may 
be  used  to  prevent  injury,  manage  reproduction,  reduce 
aggression, or fit animals to existing systems. They can also 
cause pain or remove functions.

The key question is not simply whether a procedure reduces 
a  risk,  but  why  that  risk  exists  in  the  first  place. If  a 
management system predictably creates tail biting, injurious 
pecking,  horn  injuries,  or  another  problem,  altering  the 
animal may be one response, but it should not hide the way the 
system itself creates the risk. Sometimes the environment can 
be  redesigned  instead.  Sometimes  the  intervention  remains 
justified. The alternatives and welfare consequences must be 
compared explicitly.

WELFARE HAS TO FOLLOW THE ANIMAL BEYOND THE 
FARM

The animal’s experience does not stop at the property line. 
Loading, handling, transport, mixing unfamiliar animals, heat or 
cold, waiting, feed and water deprivation, unloading, restraint, 
and slaughter create their own risks.

WOAH standards remain useful here because they provide an 
international  welfare  framework  across  production,  transport, 
and  killing.  Those  international  standards  should  not  be 
confused with U.S. law.

At  federally  inspected  U.S.  establishments,  the  Humane 
Methods of Slaughter Act and USDA Food Safety and Inspection 
Service  oversight  establish  federal  requirements  for  humane 
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handling and slaughter of covered livestock. That is a specific 
legal mechanism dealing with the final stage of the chain. It is not 
a general federal welfare code governing every aspect of the 
lives of all farmed animals, and poultry is not covered by the Act 
in  the  same  way  as  livestock.  Legal  compliance  and 
comprehensive welfare are different questions.

A system can meet a legal  minimum and still  be open to 
welfare  criticism.  It  can  also  exceed  legal  requirements 
substantially. Law establishes enforceable boundaries; welfare 
science asks a broader empirical question about the animal’s 
condition.

STUNNING SHOWS THE DIFFERENCE BETWEEN 
TECHNIQUE AND PURPOSE

Slaughter makes the divide between evidence and values 
unusually  clear. Research can examine whether  a stunning 
method reliably  produces unconsciousness,  whether  animals 
show signs  of  pain  or  distress,  and  whether  consciousness 
returns before death. A failed stun or recovery of consciousness 
is an obvious welfare problem.

Better  stunning and handling can reduce suffering. That 
improvement  is  real  even  for  someone  who  opposes  killing 
animals for food.

But technical success does not answer the moral question of 
killing. A painless death may be better than a painful one while 
the  legitimacy  of  causing  that  death  remains  disputed.  This 
distinction is essential because otherwise better welfare practice 
is either dismissed as morally irrelevant or treated as if it settled 
the whole ethics of livestock production.

DOES A GOOD LIFE MAKE KILLING ACCEPTABLE?

Several  coherent  moral  positions  remain  possible  once 
preventable suffering has been reduced.

One  view  gives  primary  weight  to  suffering  and  positive 
experience. If an animal has lived a good life and is killed without 
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significant fear or pain, the main moral objection may be greatly 
reduced or eliminated.

A  second  view  holds  that  death  itself  harms  the  animal 
because  it  removes  future  experiences  the  animal  could 
otherwise have had. On that account, excellent welfare before 
slaughter does not make killing morally neutral.

A third family of views focuses on rights, status, or limits on 
instrumental  use.  It  may judge some forms of  breeding and 
killing unacceptable even when suffering is low, because the 
animal is being treated as a means to human ends in a way that 
violates a moral constraint.

A  fourth  perspective  emphasizes  dependence.  Humans 
deliberately  breed  domesticated  animals,  control  their 
environments, and make them dependent. That relationship may 
create special obligations: strong duties of care, a requirement to 
provide a sufficiently good life, limits on permissible uses, or, for 
some theories, reasons not to create the relationship at all.

These positions cannot be averaged into a welfare score 
because they begin from different moral premises. The book 
can show where disputes about facts end and disagreements 
about values begin.

THE “GOOD LIFE” ARGUMENT DOES NOT CLOSE THE 
ISSUE EITHER

A further complication is that many farm animals would never 
exist  without  animal  agriculture.  One  argument  holds  that 
creating a life that is positive overall can be morally relevant. If an 
animal  experiences  more  good  than  bad,  its  existence  may 
count as a benefit rather than a harm.

Critics  answer  that  causing  a  being  to  exist  does  not 
automatically create the right to end its life when convenient, and 
that replacement by future animals does not compensate the 
individual that is killed.

This disagreement cannot be settled by pretending that one 
side has misunderstood welfare science. It concerns how we 
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value  existence,  future  experience,  identity,  and  the 
responsibilities created by bringing dependent beings into the 
world.

MINIMUM REQUIREMENTS CAN STILL BE STATED

The lack of one universally accepted moral theory does not 
make all livestock practices morally equivalent.

First, health and welfare cannot be secondary variables of 
production. Avoidable disease, pain, fear,  injury, and chronic 
distress are real costs.

Second,  a  good  life  is  broader  than  disease  prevention. 
Systems  should  be  evaluated  for  behavioral  opportunity, 
comfort, social needs, and positive experience as well as for 
mortality and lesions.

Third,  genetic  progress  should  not  count  as  progress  if 
productivity gains are achieved by shifting substantial biological 
costs onto the animal.

Fourth,  routine  painful  interventions  should  trigger 
examination  of  the  system  that  makes  them  necessary. 
Modifying the animal and modifying the environment are not 
equivalent responses.

Fifth, responsibility continues through transport and slaughter. 
A farm cannot claim high welfare while ignoring what happens in 
the final hours.

Finally,  even  excellent  welfare  does  not  eliminate  moral 
judgment  about  killing.  That  question  remains  human.  It 
depends on values, needs, alternatives, and the moral status 
recognized in animals.

That  conclusion  has  economic  consequences  for  animal 
agriculture. Better welfare often requires space, labor, housing, 
monitoring,  training,  slower  growth,  different  genetics,  or 
different  transport  and  slaughter  practices.  If  markets  and 
contracts  make  those  requirements  impossible  to  finance, 
ethical  commitments will  remain rhetorical.  The next  chapter 
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examines who ultimately pays for what agriculture is asked to 
provide.



66

PART IV — ORGANIZING THE FOOD 
SYSTEM

CHAPTER 9 — WHO PAYS FOR AGRICULTURE?
A grocery receipt looks like a simple record of value. It is not. 

The price a household pays for  food is  neither  the farmer’s 
income nor the full cost of producing that food, and it is certainly 
not a complete account of costs that may show up elsewhere—in 
public  budgets,  degraded  water,  greenhouse-gas  emissions, 
difficult  working  conditions,  animal  welfare,  or  future  loss  of 
productive capacity.

Processors,  packers,  warehouses,  truckers,  wholesalers, 
restaurants,  grocery  stores,  lenders,  insurers,  technology 
providers,  and many other businesses stand between farm 
and consumer. Each performs functions that  cost  labor  and 

capital and carry risk. The final price folds all of that activity 
into  one  number  while  revealing  very  little  about  who 
captures  value,  who  carries  risk,  and  who  has  bargaining 
power.

That is why statements that sound contradictory can be true at 
the same time. Food can feel expensive to households while 
farmers consider commodity prices inadequate. A supply chain 
can generate large revenues while leaving some participants 
with thin margins. A public program can stabilize a producer’s 
income  while  some  of  its  economic  benefit  is  captured  by 
landowners,  suppliers,  or  other  actors.  A cheap product  can 
reflect  genuine efficiency and still  shift  costs onto taxpayers, 
workers, ecosystems, or future production.

Asking who is “taking too much” assumes the food system 
has a single villain. A better approach is to ask who receives 
value, who owns the assets, who carries risk, who pays costs 
that never appear at the checkout counter, who benefits from 
public transfers, and which rules shape that distribution.
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THE FOOD DOLLAR IS NOT FARM INCOME

Start with a basic point: the consumer’s dollar does not flow 
backward through the supply chain in fixed percentages.

USDA’s Economic Research Service estimates that in 2024 
farm establishments received 11.8 cents of each dollar spent by 
U.S. consumers on domestically produced food. The remaining 
88.2 cents represented the “marketing share”—the post-farm 
activities required to process, transport, store, sell, prepare, and 
serve food. That figure is useful precisely because it prevents a 
common mistake: it does not mean that farmers “receive only 
11.8 percent of what their food is worth,” nor that the rest is profit 
captured  by  middlemen.  The  composition  of  a  food  dollar 
changes dramatically with the product and the place where it is 
consumed. In the same USDA series, the farm share for food 
eaten at home was 18.5 cents in 2024, compared with 7.1 cents 
for  food  away  from  home,  where  preparation  and  service 
account for much more of the final price.

The picture becomes clearer when value added is separated 
from gross farm receipts. USDA estimates that farm production 
itself accounted for 6.7 cents of value added per domestic food 
dollar in 2024. The difference between gross farm receipts and 
farm value added includes inputs that farms purchase from other 
industries. A dollar moving through the food system therefore 
cannot  be  read  as  a  moral  pie  chart  in  which  one  slice 
automatically  represents  deserved  income  and  another 
represents extraction.

Farm income is another matter. A high commodity price does 
not guarantee a high return if seed, feed, fertilizer, labor, interest, 
rent, fuel, repairs, and depreciation rise faster. A farm can have 
large gross sales and weak net income. A household can also 
remain financially secure because much of its income is earned 
outside the farm business.

That last point matters in the United States. USDA data show 
that off-farm earnings are central to the finances of many farm 
households. For 2024, the median farm household had negative 
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farm income at the median while receiving substantial off-farm 
income. This does not mean that U.S. agriculture as a sector is 
unprofitable; the USDA definition of a farm includes many small 
operations, and income is distributed very unevenly across farm 
sizes and types. It  does mean that “farm income” and “farm 
household  income”  are  not  interchangeable.  A  household’s 
standard  of  living  can  be  sustained  by  wages,  salaries, 
retirement income, or  another business even when the farm 
itself contributes little or loses money.

Averages require the same caution. Labor productivity can 
rise  because  fewer  people  operate  larger  farms.  Average 
income per farm or per worker can rise while the number of 
farms  falls,  assets  become  more  concentrated,  or  entry 
becomes harder. None of these outcomes is automatically good 
or  bad.  They  simply  answer  different  questions.  A  serious 
discussion of a “fair price” has to specify whether it means the 
farmgate  price,  operating  margin,  return  to  labor,  return  on 
assets,  household  income,  or  long-run  capacity  to  stay  in 
business.

A VALUE CHAIN IS ALSO A CHAIN OF BARGAINING POWER

Costs do not determine prices and incomes by themselves. 
Bargaining position matters.

Farmers and ranchers often sell products that are perishable, 
bulky, difficult to store, highly standardized, or costly to redirect 
once they have been produced. In some markets, the number of 
plausible buyers can be small. A grower may have thousands of 
theoretical consumers and only a handful of practical purchasers 
for the crop. A livestock producer may face a similar problem 
when  slaughter  or  processing  capacity  is  concentrated 
geographically.

This does not make concentration synonymous with abuse. 
Larger processors and retailers can create real economies of 
scale,  build  cold  chains,  finance specialized plants,  maintain 
national distribution, standardize quality, and lower some costs. 
But concentration can change the range of credible alternatives 
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available to a seller. USDA’s Economic Research Service has 
documented  rising  concentration  in  several  parts  of  U.S. 
agribusiness, including seeds, meatpacking, and food retail. In 
food retail,  concentration  can also  look  very  different  at  the 
national  and local  levels;  a  market  that  appears  competitive 
nationally may offer only a few practical outlets in a particular 
county or metropolitan area.

Company size by itself does not settle the issue. The concern 
is bargaining power: whether one side of a transaction can shift 
terms,  delays,  quality  requirements,  investment  obligations, 
rejection risk, or price risk onto the other because the other side 
has no realistic alternative.

U.S. law contains several different tools aimed at competition 
and  fair  dealing,  including  antitrust  law  and  sector-specific 
statutes such as the Packers and Stockyards Act. Their scope, 
legal tests, enforcement structures, and sectoral coverage differ 
across statutes.  The narrower point here is that agricultural 
transactions do not always occur between parties with equal 
bargaining power, and the law sometimes intervenes because 
freedom  of  contract  alone  does  not  guarantee  a  balanced 
relationship.

Power can also sit upstream. Seeds, crop chemicals, fertilizer, 
machinery, software, genetics, animal feed, credit, and repair 
services can all come from concentrated industries. A farm may 
therefore negotiate between powerful suppliers on one side and 
powerful buyers on the other. The practical question is not only 
what price the farm received, but how much room it still had 
to act after the terms of both purchase and sale were set.

RISK IS A COST EVEN WHEN IT DOES NOT APPEAR ON AN 
INVOICE

Agriculture is unusual in the timing of its risks. Producers often 
spend  money  months  before  they  know  the  harvest,  the 
weather, or the final price. A field can be planted under one price 
expectation and harvested under another. A disease outbreak 
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can erase the value of animals after feed and labor have already 
been committed. Interest rates can rise while capital remains 
tied up. A processing plant can face its own risks of volume, 
quality, utilization, and market demand. Retailers can misjudge 
demand and absorb losses on unsold products.

Whoever carries that uncertainty is already paying something, 
even when no line on an invoice says “risk.”

Contracts redistribute that burden. A fixed-price agreement 
can protect a producer from a price collapse and prevent the 
same producer from capturing a later surge. Formula pricing can 
reduce  one  uncertainty  while  importing  another.  Production 
contracts  can  provide  inputs,  technical  specifications,  and  a 
guaranteed outlet  while  narrowing managerial  discretion and 
shifting  some  capital  obligations.  Spot  markets  preserve 
flexibility while exposing participants to greater volatility. None of 
these arrangements can be judged from price alone.

Public risk management works the same way. The United 
States  does  not  support  agriculture  through  one  instrument. 
Commodity programs such as Agriculture Risk Coverage and 
Price  Loss  Coverage  respond  to  specified  revenue  or  price 
shortfalls for eligible commodities and base acres. The Federal 
Crop  Insurance  Program  subsidizes  insurance  that  protects 
against  yield  or  revenue  losses;  in  crop  year  2024,  federal 
subsidies covered about 62 percent of total policy premiums on 
average. Disaster programs add another layer. These programs 
do different jobs and should not be counted as if every public 
dollar were simply an income subsidy.

A payment that compensates a realized disaster, a premium 
subsidy that changes the price of insurance, and a commodity 
program that activates under a price or revenue formula alter risk 
in different ways. Evaluating them requires asking what risk is 
being pooled, who pays the premium or tax cost, what behavior 
the program changes, which farms can use it, and what risks 
remain outside the program.
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WHAT EXACTLY ARE WE SUBSIDIZING?

Public support becomes confusing when everything is placed 
under  the  single  heading  “farm  subsidies.”  U.S.  agricultural 
policy  includes  commodity  support,  subsidized  insurance, 
disaster  assistance,  conservation programs,  credit  programs, 
research,  rural  infrastructure,  and  other  forms  of  public 
spending. They should not be justified by the same argument 
because they do not purchase the same function.

Income stabilization is one possible purpose. Risk reduction is 
another.  Conservation is  another.  Programs administered by 
USDA’s Natural Resources Conservation Service, including the 
Environmental  Quality  Incentives  Program and  Conservation 
Stewardship  Program,  can  provide  financial  and  technical 
assistance for practices intended to address water quality, soil 
erosion,  habitat,  water  conservation,  soil  health,  and related 
resource  concerns.  A  payment  for  installing  or  managing  a 
conservation practice is therefore conceptually different from a 
transfer intended primarily to support income during low-price 
conditions.

Start by asking what public function is being financed.
If  taxpayers  are  compensating  a  farmer  for  maintaining 

habitat, reducing erosion, improving water quality, or adopting a 
practice whose benefits extend beyond the farm, the payment 
can be understood as purchasing a public benefit that the food 
market may not reward.  If the purpose is to stabilize income 
after a defined shock, the test is whether the program actually 
improves  risk-bearing  and  continuity. If  the  purpose  is  to 
preserve productive capacity for strategic reasons, it should be 
evaluated as insurance against a specified disruption rather than 
disguised as an environmental program.

The next question is who ultimately receives the economic 
benefit.  Money sent to a farm operator does not necessarily 
remain entirely with that operator. Public support can affect land 
rents and land values, especially when expected benefits are 
attached to land or base acres. USDA research on earlier U.S. 
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payment  programs  found  that  some  program  benefits  were 
capitalized into agricultural land values and could pass through 
to  nonoperator  landlords.  The  magnitude  varies  by  program 
design, expectations, local land markets, and who owns versus 
rents the land. The lesson is not that support “really goes to 
landlords.” It  is that the legal recipient of a payment and the 
economic incidence of that payment are different questions.

The same can happen through other channels. A subsidy or 
tax  credit  that  makes  farms  more  able  to  invest  can  raise 
demand for machinery, buildings, inputs, or specialized services. 
That may be exactly what a well-designed program intends. But 
evaluating the program requires following the money through the 
market rather than stopping at the name on the government 
payment file.

Environmental  payments  need  the  same  scrutiny. If  a 
program  pays  for  a  practice  or  outcome  that  produces 
measurable public benefits, it can correct a gap in what markets 
reward. If payment becomes detached from the environmental 
function used to justify it, that justification weakens. The reverse 
is equally important: requiring farmers to deliver costly public 
benefits without a payment mechanism can amount to asking 
one private group to finance a collective preference.

CHEAP FOOD: WHO PAYS THE DIFFERENCE?

Lower food prices have produced enormous social benefits. A 
household that spends less of its income on food can spend 
more on housing, health care, education, transportation, or other 
needs. Affordable food also matters most to households with the 
least room in their budgets. It would therefore be careless to treat 
low prices themselves as evidence of an unhealthy food system.

Trouble begins when a low price depends on pushing aside 
a cost that does not actually disappear.

If  farm  labor  is  persistently  compensated  below  realistic 
alternatives, workers or farm families absorb part of the system’s 
cost. If a farm household depends on off-farm earnings to keep 
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an otherwise weak farm business alive, part of the production 
system is being financed outside the farm. If manure, nutrients, 
or pesticides create water-treatment costs borne downstream, 
the  grocery  price  does  not  include the  whole  social  cost.  If 
taxpayers finance risk programs, conservation, disaster relief, 
research, or infrastructure, consumers may pay less at the store 
while contributing through taxes.

But “cheap food is not really cheap” can itself  become an 
empty  slogan.  Productivity  gains  can  reduce  genuine  costs. 
Better  genetics  can  raise  output.  Mechanization  can  reduce 
labor per unit produced. Logistics can reduce spoilage. Precision 
can  reduce  unnecessary  applications.  A  more  efficient 
processing  plant  can  lower  costs  without  shifting  harm  to 
someone else. The task is to separate genuine cost reduction 
from costs that have merely been shifted elsewhere.

That distinction has a distributional side. Raising food prices 
sharply in order to internalize environmental or welfare costs can 
fall hardest on low-income households.  A coherent transition 
cannot assume that grocery shoppers should finance every 
social  objective  directly  through  higher  prices. Tax  policy, 
income support,  public procurement,  standards,  conservation 
payments,  infrastructure,  and  other  tools  distribute  costs 
differently. The same is true on the farm side: requiring higher 
standards  without  a  workable  path  to  pay  for  them  can 
undermine the businesses expected to implement the change.

COSTS THE MARKET DOES NOT PRICE WELL

Agriculture  produces  effects  that  do  not  fit  neatly  into 
transactions. Nutrient runoff can raise water-treatment costs or 
damage ecosystems. Greenhouse-gas emissions affect people 
far from the source. Soil erosion can reduce future productivity 
and move sediment downstream. Antimicrobial resistance can 
create risks beyond the farm. Biodiversity loss can eliminate 
ecological functions or values for which no ordinary market price 
exists.



74

Agriculture can also generate benefits that markets pay poorly 
or not at all: habitat, carbon storage, maintenance of open land, 
wildfire-risk  reduction  in  some  landscapes,  rural  economic 
capacity, or a reserve of domestic production that has value 
during a disruption.

These external effects can justify public action, but they do not 
all become comparable merely because someone assigns each 
a dollar figure. Some costs can be estimated monetarily with 
reasonable  confidence.  Others  involve  ecological,  cultural, 
moral,  or  strategic  values  for  which  monetization  imports 
assumptions that should remain visible. A single “true price of 
food” can create an illusion of objectivity by burying political 
and moral weights inside the calculation.

An  external  cost  also  needs  to  be  distinguished  from  a 
preference. Nitrate  contamination  that  forces  another 
community to treat drinking water is not the same kind of claim 
as preferring one landscape over another. Both can become 
legitimate public concerns, but for different reasons and through 
different institutions.

Food security creates a similar problem. Maintaining domestic 
or  regional  productive  capacity  can  function  as  insurance. 
Capacity that is not maximized in ordinary years can still  be 
valuable if  it  allows a system to respond to trade disruption, 
disease,  war,  infrastructure  failure,  or  another  shock.  But 
invoking “food security” does not justify any cost automatically. 
The risk must be specified. So must the alternative means of 
managing it.

VIABILITY IS MORE THAN SHORT-TERM PROFITABILITY

A farm business cannot remain sustainable if it never covers 
its costs, compensates the labor it requires, or renews its capital. 
Profitability  matters.  Pretending  otherwise  would  turn 
“sustainability” into a demand that farmers finance public goals 
by going broke.

But short-run profit does not settle whether a farm is viable.
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A farm can be profitable for several years while mining soil 
fertility, depending on an aquifer that is being depleted, carrying 
debt that leaves no room for a bad season, relying on one buyer, 
using an irreplaceable input, or requiring a volume of family labor 
that no successor is willing to provide. Another farm can show 
weak private returns while providing conservation or regional 
services that society says it values but does not pay for.

Labor, capital, and resilience come together here. Who owns 
the land? How much is rented? What share of the farm’s return 
compensates labor rather than land appreciation? How much 
debt must be serviced? Can the operation survive a price decline 
or  two  poor  production  years?  Can  it  switch  crops,  buyers, 
technologies,  or  marketing  channels  without  destroying  the 
value of sunk investments? Can another person realistically take 
over the business?

Economic viability is best understood as a farm’s ability, 
over time, to pay for the labor and capital it  needs, renew 
productive assets, absorb plausible shocks, retain some room 
to  change  course,  and  meet  the  ecological  and  social 
constraints that the farm or society has chosen to impose. No 
single ratio captures all of that.

The food system runs on both visible and hidden payments. 
Consumers pay retail prices. Taxpayers finance public programs 
and infrastructure. Farmers commit labor and capital and carry 
biological and market risk. Farmworkers may bear difficult  or 
dangerous working conditions.  Landowners  receive  rent  and 
asset appreciation. Processors and retailers make investments 
and  bear  their  own  forms  of  risk.  Ecosystems  can  absorb 
pressures or provide benefits without any invoice being issued.

None of these flows is automatically illegitimate. They simply 
have to be visible before they can be judged.

The result is less dramatic than a denunciation, but more 
demanding.  Sustainable  agriculture  requires  an  explicit 
answer to the cost of what society asks agriculture to provide. 
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If Americans want abundant food, affordable prices, viable 
farms, cleaner water, lower greenhouse-gas emissions, more 
biodiversity,  better  animal welfare,  resilient  supply chains, 
and continued productive capacity, those goals will sometimes 
reinforce one another and sometimes compete. Hiding their 
costs  in  farm  debt,  unpaid  family  labor,  public  budgets, 
environmental damage, or poorly targeted support does not 
make the conflict disappear.

So who pays for agriculture?

Everyone already does—but through different channels, at 
different times, with different degrees of visibility and power. The 
political question is which costs should remain private, which 
should  be  pooled,  which  public  services  should  be  paid  for 
explicitly,  and  which  concentrations  of  market  power  or  risk 
transfer should be constrained.

The next chapter moves this problem into geography. Once 
we understand who pays and who bears risk, we can ask how 
much productive capacity should remain close to home, what 
trade contributes to resilience, and which dependencies become 
dangerous when they are difficult to replace.
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CHAPTER 10 — TERRITORIES, TRADE, AND 
FOOD SOVEREIGNTY

SOVEREIGNTY IS NOT THE SAME AS CLOSING THE 
BORDER

Food sovereignty often evokes a simple picture: produce at 
home  what  people  eat,  import  less,  and  depend  less  on 
outsiders.  The  intuition  behind  that  picture  is  legitimate.  A 
country that cannot maintain essential food functions when a 
foreign supplier, shipping route, or imported input fails has a real 
vulnerability.

But reducing dependence and eliminating trade are not the 
same objective.

No country is equally suited to every crop, livestock system, 
season, or production technology. Climate, soil,  water,  labor, 
infrastructure, and comparative production costs differ. Trade 
allows regions to exchange what they produce relatively well and 
can  protect  consumers  against  some  local  crop  failures.  A 
drought  in  Kansas  does  not  automatically  coincide  with  a 
drought in every other wheat-producing region. A freeze in one 
fruit-growing area does not eliminate every alternative source.

Trade can diversify risk. It can also create risk through ports, 
shipping, finance, political relations, concentrated suppliers, and 
infrastructure that a local system does not control.

Four ideas need to be kept separate: autarky, autonomy, 
food  security,  and  sovereignty. Autarky  seeks  a  drastic 
reduction  in  exchange.  Autonomy  means  retaining  enough 
internal or substitutable capacity to perform a function without 
being  captive  to  one  outside  actor.  Food  security  describes 
whether people actually have stable access to adequate food. 
Food sovereignty, as used here, refers to the collective ability to 
make  meaningful  choices  about  how  the  food  system  is 
organized.

These  concepts  overlap,  but  none  can  substitute  for  the 
others.  A country can produce large food surpluses and still 
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contain  food-insecure  households.  It  can  import  heavily  and 
remain  resilient  if  suppliers,  routes,  inventories,  purchasing 
power, and substitutes are diversified. It can also appear highly 
self-sufficient in crops while depending on imported fertilizer, 
machinery components, energy, pharmaceuticals, genetics, or 
processing infrastructure.

TRADE CAN SPREAD LOCAL RISK

The United States is both a major agricultural producer and a 
major participant in international food and agricultural trade. That 
fact  proves  neither  dependence  nor  strength  by  itself.  The 
structure of the trade network is what matters.

Imports  can  provide  products  that  U.S.  climates  do  not 
efficiently  produce  year-round,  fill  seasonal  gaps,  diversify 
sources,  and  reduce  pressure  to  grow  every  product 
domestically under expensive or resource-intensive conditions. 
Exports  allow U.S.  farms and agribusinesses to  sell  beyond 
domestic demand and can support regions whose production 
greatly exceeds nearby consumption.

This network also means that domestic production choices 
are  tied  to  ports,  railroads,  highways,  inland  waterways, 
container  availability,  fuel,  trade finance,  inspection systems, 
and foreign demand. A farm can be physically productive and 
economically  vulnerable  if  the  market  outlet  on  which  its 
business model depends is disrupted.

Trade works as insurance only when the alternatives are 
real. “We can import it” is not a resilience strategy if all plausible 
suppliers depend on the same region, one shipping route, one 
processing technology, or a political relationship that can fail at 
the same time. Likewise, “we produce it domestically” provides 
little protection if the domestic industry depends on one plant, 
one  aquifer,  one  imported  precursor,  or  one  transportation 
corridor.

Resilience depends on how many genuinely independent 
alternatives  exist  and  how  quickly  the  system  can  switch 
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among them.

CRITICAL DEPENDENCE CAN HIDE INSIDE A SMALL INPUT

A complex food system does not become fragile only when it 
imports a large share of its calories. A relatively small imported 
input can matter more than a large imported food category if that 
input is difficult to replace and essential to production.

Fertilizer makes this visible. The United States produces and 
trades  substantial  quantities  of  fertilizer,  so  it  would  be 
inaccurate  to  describe  American  agriculture  as  generally 
dependent  on  imported  fertilizer.  The  vulnerability  is  more 
specific. USDA transportation data, drawing on U.S. Geological 
Survey  estimates,  indicate  that  U.S.  net-import  reliance  for 
potash exceeds 90 percent of domestic use. Potassium is only 
one part of plant nutrition, but it is a critical one in many cropping 
systems.  A disruption in  a concentrated external  supply  can 
therefore  matter  even  in  a  country  with  enormous domestic 
agricultural capacity.

The  answer  is  not  “produce  all  potash  domestically.” 
Geological resources, mining economics, environmental costs, 
inventories, recycling, supplier diversity, and alternative nutrient-
management  strategies  all  matter.  Food  sovereignty  has  to 
follow the dependency chain beyond the farm gate. Asking 
whether the United States grows enough corn tells us little about 
the resilience of corn production if a critical input has no fast 
substitute.

The same logic applies elsewhere: replacement parts, crop-
protection ingredients, specialized genetics, veterinary products, 
fuel, fertilizer feedstocks, semiconductors, or a single processing 
facility can become bottlenecks out of proportion to their share of 
final food value.

A dependency becomes critical when four conditions tend to 
converge: the function is important,  suppliers or facilities are 
concentrated, substitution takes time, and inventories or backup 
capacity are limited.
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CAPACITY MEANS MORE THAN PRODUCTION

Food security requires a chain of capabilities. Grain must be 
harvested,  dried,  stored,  milled,  transported,  processed,  and 
sold. Livestock must be fed, handled, slaughtered or milked, 
processed, refrigerated, and distributed. Fruits and vegetables 
often depend on labor, packing, cold storage, trucking, and rapid 
retail movement.

Production  alone does not  guarantee  that  these functions 
survive disruption. A region can have abundant cattle and too 
little slaughter capacity.  It  can grow grain and lack drying or 
storage. It can produce perishables and lose them if refrigeration 
or transportation fails.

Infrastructure  concentration  can  become  a  sovereignty 
issue. Consolidating processing or logistics may lower average 
cost. It can also turn one facility into a regional point of failure. 
Maintaining  redundant  capacity  can  look  inefficient  until  the 
dominant facility closes, burns, loses power, faces a disease 
outbreak, or becomes economically unavailable.

Resilience  has  a  price.  Spare  capacity,  backup  routes, 
inventories, and multiple suppliers are not free. Redundancy 
is worth paying for when the failures it protects against would 
be costly enough.

STOCKS BUY TIME; THEY DO NOT SOLVE THE PROBLEM

Inventories are one of the simplest resilience tools because 
they convert a sudden shortage into time. Grain stocks, feed 
inventories, fuel reserves, spare parts, seed, veterinary supplies, 
or emergency food can bridge the period between a disruption 
and an alternative response.

But  a  stock  is  not  permanent  independence.  It  requires 
storage, financing, rotation, maintenance, and rules about who 
can use it. Perishable foods cannot be stored like grain. Some 
inputs degrade. A reserve large enough for every imaginable 
shock would tie up enormous resources.
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The right amount is not “as much as possible.” It is enough to 
cover the time needed for a plausible substitute, new harvest, 
alternative  supplier,  repair,  demand  reduction,  or  policy 
response.

Location matters too. A national inventory can be abundant 
and still fail a community cut off by flood or wildfire. Food in a 
coastal  warehouse  is  not  immediately  useful  if  inland 
transportation is unavailable. Resilience requires matching the 
spatial scale of stocks to the failures they are meant to absorb.

LOCAL PRODUCTION IS A TOOL, NOT A UNIVERSAL GOAL

Producing closer to consumers can perform real functions. It 
can preserve regional farming capacity, shorten some supply 
chains,  diversify  sources,  maintain  knowledge,  and  give 
institutions  or  households  alternative  suppliers.  It  may  also 
reduce transportation for some products, though transportation 
is only one part of environmental impact.

Local  production  can  also  concentrate  risk.  A  region  that 
insists on producing nearly all of its own food may expose itself 
more  heavily  to  its  own  drought,  heatwave,  flood,  disease 
outbreak,  or  water  shortage.  Producing a  crop locally  under 
heated, irrigated, or highly protected conditions can use more 
resources than importing it from a region where the climate is 
naturally suited to it.

Local versus global is  the wrong comparison. The better 
comparison is one supply network against another: how many 
suppliers each has, how far apart they are, which transport 
routes they use, what climate risks they share, and how easily 
one source can replace another.

A  resilient  food  system  may  deliberately  combine  local, 
regional,  national,  and  international  sources.  Geographic 
diversity can be a form of redundancy.
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SELF-SUFFICIENCY SHOULD BE ASKED FUNCTION BY 
FUNCTION

The question “Is the United States food self-sufficient?” is too 
broad to guide policy. Self-sufficient in calories? Protein? Fruits 
and  vegetables?  Fertilizer?  Animal  feed?  Seed?  Farm 
machinery? Processing? For how long and under what shock?

A system can have enough average calories and lack dietary 
diversity. It  can produce a commodity in surplus and rely on 
imported inputs. It can perform well in an average year and lack 
enough reserves for two poor seasons. It can possess land while 
lacking workers, processing capacity, or water.

Looking at the specific function changes the policy options. 
Reducing  one  vulnerability  may  mean  increasing  domestic 
production.  It  may  instead  mean  diversifying  suppliers, 
maintaining inventories, developing a substitute, preserving idle 
processing  capacity,  changing  a  ration,  reducing  demand, 
building repair capacity, or strengthening transport alternatives.

Food  sovereignty  does  not  require  producing  every 
imported item at home. It  requires knowing which functions 
cannot be allowed to fail and retaining more than one plausible 
way to perform them.

EXPORT RESTRICTIONS SHOW WHY NATIONAL 
RATIONALITY CAN CREATE SYSTEMIC RISK

During a food crisis,  a government may restrict exports to 
protect  domestic  consumers.  The  reasoning  can  be 
understandable: keep scarce food or fertilizer at home, reduce 
domestic prices, and preserve inventories.

But  when  several  exporting  countries  act  at  once,  the 
combined effect can amplify global scarcity for import-dependent 
countries.  Prices  rise,  expectations  change,  and  the  cost  is 
transferred to people with less capacity to respond.

Complex systems often work this way: an action that looks 
protective  at  one  scale  can  be  destabilizing  at  another. 
Governments may sometimes have good reasons to restrict 
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exports. But sovereignty cannot be evaluated only by asking 
whether a country had the power to act; the consequences of 
that action remain part of the judgment.

The  same  principle  applies  to  domestic  subsidies,  tariffs, 
strategic  purchasing,  and  local-content  rules.  A  policy  can 
preserve  useful  capacity  and  shift  costs  onto  consumers, 
taxpayers, or trading partners. Capacity to choose and quality of 
choice are different things.

COOPERATION CAN INCREASE SOVEREIGNTY RATHER 
THAN REDUCE IT

International  coordination  is  sometimes  framed  as 
surrendering national autonomy. In food systems it can do the 
opposite.  Shared  information  about  production  and  stocks, 
predictable  trade  rules,  disease  surveillance,  compatible 
inspection systems, and coordination during logistics disruptions 
can give countries more options when conditions deteriorate.

A country with reliable trading partners and multiple routes 
may possess more practical freedom than one that has formally 
protected every domestic sector but depends on a few fragile 
internal bottlenecks.

The  same  is  true  within  the  United  States.  Food-system 
functions  cross  county  and  state  lines.  Water  basins,  rail 
networks,  processing  regions,  ports,  labor  markets,  and 
commodity flows do not align neatly with political boundaries. 
Local,  state,  tribal,  federal,  and  international  capacities  can 
complement one another rather than occupy a simple hierarchy.

ROBUST FOOD SOVEREIGNTY MEANS RETAINING OPTIONS

Robust  food  sovereignty  means  retaining  meaningful 
choices when a normal interdependence breaks down.

A sovereign system in this operational sense can produce at 
least  some  critical  goods,  import  from  genuinely  diversified 
sources,  store  what  benefits  from  storage,  process  and 
distribute food, identify critical inputs, reduce or substitute some 
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demand,  preserve  skills  and  infrastructure,  and  coordinate 
responses across institutions. It is not independent of the world. 
It is not trapped by one dependency.

This  definition  also  preserves  the  distinction  between 
sovereignty and the right to food. A country can control its food 
system and still  distribute food unjustly.  Domestic production 
capacity does not guarantee that low-income households can 
buy what they need. Sovereignty describes decision capacity; 
food  security  and  the  right  to  food  impose  additional 
requirements about actual access.

The political choices are now explicit: Which dependencies 
are acceptable? Which risks deserve public insurance? How 
much  redundancy  is  worth  paying  for?  Which  capacities 
should remain available even when ordinary markets favor 
maximum concentration?

The  next  chapter  turns  from  geography  to  demand. 
Production also depends on what people eat, what institutions 
buy,  what  processors  formulate,  and what  households  can 
actually afford.
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CHAPTER 11 — WHAT WE EAT TRANSFORMS 
WHAT WE GROW

THE PLATE IS THE END OF A MUCH LONGER CHAIN

A meal looks like food. Upstream, it is also acreage, irrigation, 
feed, fertilizer, livestock, labor, machinery, storage, processing, 
refrigeration,  transportation,  contracts,  retail  space,  and 
purchasing power.

It  is  tempting  to  describe  this  chain  with  a  simple  story: 
consumers choose and farmers respond. That story captures 
part of reality. It becomes misleading when it turns consumers 
into  isolated  sovereigns  choosing  from  every  theoretically 
possible diet.

Demand is shaped by prices, incomes, store locations, school 
and  workplace  meals,  restaurant  offerings,  cooking  time, 
household  equipment,  advertising,  habits,  culture, 
transportation, health needs, and what the food industry already 
knows how to produce and distribute cheaply. Supply responds 
to  demand,  but  supply  also  shapes  the  menu  from  which 
demand is expressed.

The food system works as a feedback loop, not a one-way 
vote at the checkout counter.

WHAT PEOPLE BUY IS CONSTRAINED BY WHAT THEY CAN 
REACH AND AFFORD

Preference is not the same as effective demand. A household 
may prefer fresh produce and live far from a full-service grocery 
store. It may value home cooking and lack time, equipment, or 
stable  housing.  A theoretically  healthier  or  more sustainable 
food can exist and remain irrelevant if  it  is too expensive or 
unavailable where people actually shop and eat.

Agricultural markets respond to what people actually buy, 
not  to  preferences  they  cannot  act  on. The demand signal 
received by producers is already filtered through wages, food 
prices, transportation, retail infrastructure, public benefits, and 
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the organization of daily life.

Food policy  can change  agriculture  through much more 
than  consumer  education. Transportation,  retail  access, 
institutional  meals,  procurement  rules,  nutrition  assistance, 
school kitchens, and food-service infrastructure can all change 
what becomes a realistic choice.

CULTURE MAKES SUBSTITUTION SLOWER THAN A 
NUTRIENT TABLE SUGGESTS

Food is not only a package of calories, protein, vitamins, and 
minerals. It is also taste, memory, routine, celebration, religion, 
regional identity, family practice, and skill.

Two  foods  can  be  nutritionally  substitutable  and  socially 
noninterchangeable. Replacing beef in a stew, milk in a recipe, 
or  eggs  in  a  breakfast  is  not  the  same  kind  of  change  as 
replacing  one  brand  of  industrial  component  with  another. 
Texture,  flavor,  cooking  knowledge,  equipment,  and  social 
expectations matter.

This does not make diets fixed. American food culture has 
changed  repeatedly  as  migration,  technology,  prices, 
restaurants, public health, marketing, and new products altered 
what people considered ordinary. But change takes time and 
infrastructure.  A  tax  or  price  shock  can  move  faster  than 
household cooking habits or restaurant menus.

Diets  change  slowly  for  many  reasons:  cost,  access, 
familiarity,  pleasure,  time,  skill,  identity,  and  institutional 
routines. Calling all  of  that  “consumer preference” hides the 
structure producing the behavior.

ANIMAL PRODUCTS CREATE DEMAND FOR CROPS THAT 
NEVER APPEAR ON THE PLATE

Meat,  dairy,  and  eggs  connect  final  consumption  to  feed 
markets. A chicken breast carries demand for corn, soybeans, 
and other feed ingredients that the consumer never sees. Milk 
production  requires  forage  and  concentrate  feeds.  Hog 
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production links grain and oilseed markets to animal-product 
demand.

But the translation is not one-to-one. Livestock systems differ 
in the share of feed that is directly edible by humans, the land on 
which it is produced, and the use of processing by-products. A 
decline in one animal product may reduce demand for one feed 
ingredient and change the economics of another co-product. A 
shift in feeding efficiency can change crop demand even when 
final meat consumption stays constant.

Oilseeds make this particularly clear. Crushing soybeans or 
other  oilseeds  produces  oil  and  protein  meal  together.  The 
acreage cannot be assigned entirely to one outlet without an 
allocation rule.  Human demand for  vegetable oil  and animal 
demand for meal are economically linked outputs of the same 
crop.

It is more useful to see a diet as more than a list of foods on 
the plate. Upstream, it is also a pattern of crops, feed, land, and 
processing.

PROCESSORS ALSO SHAPE WHAT FARMERS GROW

Food manufacturers, packers, and processors do not simply 
buy “wheat,” “milk,” “potatoes,” “tomatoes,” or “corn.” They may 
require  a  protein  level,  sugar  content,  size,  color,  storage 
characteristic, processing quality, variety, delivery schedule, or 
production protocol.

Those  specifications  can  shape  plant  breeding,  variety 
choice,  equipment,  contracts,  and regional specialization. A 
stable processing plant can make a crop economically viable 
because growers know a market exists. Conversely, abundant 
local  production  can  attract  processing  investment.  The 
influence runs both ways.

Processing also creates secondary streams. Milling produces 
bran.  Oilseed  crushing  produces  meal.  Dairy  processing 
separates fat, protein, whey, and other components. Brewing, 
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ethanol,  sugar,  potato,  and  other  industries  generate  by-
products that can enter feed, energy, food ingredients, or other 
uses.

“Processed food” is  too broad a category for agricultural 
analysis. Processing  can  extend  shelf  life,  reduce  waste, 
standardize  quality,  create  year-round markets,  and use  by-
products.  It  can  also  favor  standardized  raw  materials, 
concentrated buyers, complex formulations, and supply chains 
that  become  difficult  for  smaller  producers  to  enter.  The 
mechanism matters more than the label.

WASTED FOOD CREATES AGRICULTURAL DEMAND 
WITHOUT NOURISHING ANYONE

Food that is grown, processed, transported, purchased, and 
discarded has still  used land,  water,  fertilizer,  energy,  labor, 
capital, and infrastructure. It is real agricultural demand with no 
final nutritional function.

Waste occurs at several stages and should not be treated as 
one household behavior. Crops can remain unharvested. Food 
can be damaged during storage or transport. Processors can 
reject  material.  Retailers  can  overstock.  Restaurants  and 
institutions can prepare more than is eaten. Households can 
discard food because of spoilage, portions, date confusion, or 
changed plans.

The remedy depends on where and why the waste occurs. 
Better  storage does not  solve  oversized restaurant  portions. 
Consumer  education  does  not  repair  a  broken  cold  chain. 
Relaxing cosmetic standards does not prevent every household 
loss. The category “food waste” is useful only if the stage and 
cause remain visible.

EPA’s  current  Wasted  Food  Scale  reflects  the  same 
functional  logic.  Prevention,  donation,  and  upcycling  are 
prioritized over disposal pathways because the best result  is 
generally to use food for its intended purpose before trying to 
recover value from material  that has already become waste. 
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That  framework  is  useful  precisely  because  it  separates 
prevention from downstream management rather than calling 
every diversion pathway equivalent.

Reducing waste can lower the production required for a given 
amount of food actually eaten, but not in a mechanical one-for-
one ratio. More recovered product can lower prices, increase 
purchases,  change  farm  revenue,  or  redirect  production. 
Markets adjust. A physical efficiency gain does not by itself tell 
us what will happen to land use.

LOWER DEMAND DOES NOT AUTOMATICALLY “FREE” 
ACRES

Food-system scenarios often translate dietary change directly 
into  land  released  for  nature.  That  can  happen.  It  is  not 
automatic.

If demand for a crop or animal product falls, land can shift to 
another crop, remain in pasture, be enrolled in conservation, be 
developed, be planted to energy crops, produce for export, or 
move  toward  ecological  restoration.  Which  outcome  occurs 
depends on prices, soils,  climate, ownership, policy, and the 
profitability of alternatives.

Land  types  also  differ.  Reducing  a  feed  grain  grown  on 
productive cropland can create an alternative use quite different 
from reducing grazing on dry rangeland. A pasture acre cannot 
automatically  become  a  vegetable  acre.  Nor  does  every 
reduction  in  livestock  create  land  that  society  will  actually 
restore.

Timing matters as much as destination. Farms contain sunk 
investments, specialized buildings, perennial crops, contracts, 
skills, and supply-chain relationships. A dairy does not become a 
vegetable operation in one season because demand changes. A 
meatpacking town does not immediately acquire a replacement 
industry.  Demand  can  move  faster  than  production 
infrastructure.

A change in consumption matters only through the way it 
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actually works its way into production and land use.

INSTITUTIONAL PURCHASING CAN CHANGE BOTH 
DEMAND AND MARKET ACCESS

Individual  consumers  are  not  the  only  buyers  in  the  food 
system.  Schools,  universities,  hospitals,  prisons,  military 
installations,  government  agencies,  workplaces,  and  other 
institutions purchase large volumes under rules that can shape 
menus and supplier access.

In  the  United  States,  school  meals  provide  a  concrete 
example.  USDA  child  nutrition  programs  allow  local-food 
procurement, and federal rules now give participating programs 
broader options to use geographic preference and, for certain 
unprocessed agricultural products, local specifications. Farm-to-
school programs can create real market channels connecting 
farms and  ranches  to  institutional  demand. That  does  not 

mean every school can or should buy locally.  The narrower 
point is that institutional purchasing rules can change which 
suppliers can compete and which products become routine 
meals.

The same mechanism applies beyond schools. Procurement 
can  support  a  desired  standard,  create  a  stable  market,  or 
introduce rigid specifications that exclude some suppliers. It can 
increase local access and raise administrative or logistical costs. 
Like every other policy lever in this book, its value depends on 
what it accomplishes and what it costs.

CHOICE IS DISTRIBUTED ACROSS THE FOOD SYSTEM

Consumers can alter purchases. Farmers can change crops, 
livestock  systems,  and  production  methods  within  the  limits 
created  by  land,  capital,  labor,  contracts,  and  biology. 
Processors can reformulate products and change specifications. 
Retailers  can  change  shelf  space,  promotions,  and  supplier 
relationships.  Restaurants  and  institutions  can  alter  menus. 
Governments  can  change  taxes,  benefits,  procurement, 
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infrastructure, labeling, research, and regulation.

No actor controls the entire loop.

This  matters  morally  as  well  as  analytically.  Blaming 
consumers  for  everything  produced  upstream  ignores  how 
choices  are  structured.  Treating  consumers  as  powerless 
ignores the fact that aggregate purchasing patterns do influence 
markets.  Blaming  farmers  for  responding  to  existing  outlets 
ignores their constraints; treating farmers as passive ignores the 
choices they retain.

Responsibility  should track the ability  to  act. Actors with 
more control over prices, standards, infrastructure, or product 
design generally possess different leverage from an individual 
household or farm.

WHAT WE EAT TRANSFORMS WHAT WE GROW—AND 
WHAT WE GROW TRANSFORMS WHAT WE EAT

The  chapter’s  title  describes  a  two-way  relationship. 
Aggregate food demand helps determine crops, feed markets, 
livestock systems, processing capacity, imports, and land use. 
At the same time, decades of investment in particular crops, 
processing plants, distribution systems, recipes, stores, school 
meals, and marketing make some foods cheap, familiar, and 
available and others difficult to obtain.

A food transition is not a button labeled “consumer choice.” 
It requires changes in supply and demand together, often over 
different time scales.

Science can estimate resource use, nutritional effects, prices, 
emissions, or likely responses to policy. It cannot decide how 
much weight Americans should place on affordability, pleasure, 
health,  tradition,  animal  welfare,  environmental  protection,  or 
farm income. Those remain value choices.

Those choices need to remain visible, and we should avoid 
pretending that any single actor can carry the transition alone.

The next part turns to the major promises for transforming 
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agriculture itself. Technology, policy, markets, and demand all 
feed back on one another; the question now is which proposed 
solutions actually change the problems they claim to solve.
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PART V — TRANSFORMING WITHOUT 
FOOLING OURSELVES

CHAPTER 12 — AGRICULTURAL PROMISES PUT 
TO THE TEST

A PROMISE IS NOT YET EVIDENCE

Agriculture  is  surrounded  by  solutions.  Some  promise  to 
reduce  chemicals.  Others  promise  healthier  soil,  more 
biodiversity,  better  data,  less  labor,  lower  water  use,  more 
precise  breeding,  more  local  production,  or  greater 
independence from weather.

Most of these promises begin with a real problem. Fertilizer 
and pesticides  can create  losses  beyond the field.  Soil  can 
erode. Labor can be scarce or physically punishing. Irrigation 
can  overdraw  water.  Climate  change  can  make  familiar 
production systems less reliable. Farm income can be unstable. 
Consumers and policymakers can demand lower environmental 
impact,  stronger  animal  welfare,  and  more  resilient  supply 
chains at the same time.

The existence of the problem does not prove that a proposed 
solution solves it.

A  practice  can  improve  biodiversity  per  acre  and  reduce 
output  enough  to  create  pressure  elsewhere.  A  robot  can 
replace  tedious  work  and  increase  capital  and  repair 
dependence. A drought-tolerant variety can reduce yield loss 
under one stress without creating water where none exists. A 
vertical farm can use little land and water while consuming large 
amounts of electricity. A digital tool can reduce fertilizer use per 
acre and still fail to reduce total fertilizer demand if production 
expands.

The test is  practical. What mechanism is being changed? 
Compared with what? At which scale? What new resource, skill, 
institution,  or  dependency  becomes  necessary?  And  what 
happens if the solution is generalized?
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ORGANIC IS A RULE SET, NOT A COMPLETE 
PERFORMANCE SCORE

Organic agriculture is one of the clearest examples of why 
labels and outcomes have to be separated.

In the United States, USDA Organic is a regulated production 
and  handling  system.  The  National  List  of  Allowed  and 
Prohibited  Substances  establishes  which  synthetic  and 
nonsynthetic materials can be used under specified conditions. 
Those  rules  matter  because  they  constrain  practices  and 
create a verified market category. But certification does not by 
itself  tell  us  the  yield,  biodiversity,  soil  carbon,  water  use, 
greenhouse-gas balance, or labor conditions of a particular farm.

Research  syntheses  often  find  higher  local  biodiversity  in 
organic systems and lower use of many synthetic pesticides, 
while average yields are frequently lower, with large variation 
across crops, regions, and management. None of those findings 
should be converted into a universal verdict.

Lower  yield  does  not  automatically  prove  that  organic 
production “uses too much land.” That conclusion depends on 
what quantity must be produced, how diets and waste change, 
what land would otherwise be used, and what environmental 
effects  occur  per  acre  and  per  unit  of  food.  The  opposite 
simplification is equally weak: a favorable biodiversity result per 
acre does not erase the land requirement if substantially more 
acreage is needed for the same output.

The useful analysis separates the label from the practices 
that produce the results. Crop rotation, legumes, cover crops, 
compost,  biological  pest  control,  habitat,  mechanical  weed 
management,  and  restricted  use  of  certain  substances  can 
produce effects that also occur outside organic certification. A 
conventional farm can adopt many of those mechanisms. An 
organic farm can implement them well or poorly. Certification 
tells us which rules were followed, not whether every desirable 
agricultural function was achieved.
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AGROECOLOGY AND REGENERATIVE AGRICULTURE NEED 
OPERATIONAL DEFINITIONS

Agroecology is broader than a certification standard. It can 
refer to the ecological design of farms and food systems through 
diversification,  rotations,  intercropping,  trees,  livestock 
integration, biological pest management, nutrient cycling, and 
adaptation to local conditions. In some definitions it also includes 
social and political dimensions.

That breadth can be useful because agriculture is genuinely 
systemic. It can also make the term impossible to test if every 
desirable practice is called agroecological.  Evaluation has to 
return  to  what  actually  changed:  the  rotation,  landscape, 
nutrient flow, pest pressure, labor organization, market,  or 
governance arrangement.

Regenerative agriculture creates a similar problem because 
the  label  is  not  defined  uniformly  across  U.S.  markets  or 
scientific  literature.  It  often  emphasizes  soil  cover,  reduced 
disturbance,  diversity,  living  roots,  livestock  integration,  soil 
carbon, and soil health. Many of those practices have credible 
evidence behind them in particular settings. The label itself does 
not guarantee those outcomes.

Soil carbon is a good example. Increasing organic matter can 
improve  aggregation,  infiltration,  nutrient  cycling,  and  water 
retention. It can also store carbon. But storage depends on initial 
soil  conditions,  depth,  climate,  biomass inputs,  management 
history,  and  what  would  have  happened  to  that  biomass 
otherwise.  Accumulation  can  slow  over  time  and  can  be 
reversed.

Instead of asking whether a farm is “regenerative,” ask what 
is measurably improving, over what period, and what other 
costs or trade-offs come with the change.

CONSERVATION AGRICULTURE WORKS AS A SYSTEM

Reduced tillage, soil cover, and crop diversification are often 
grouped  under  conservation-agriculture  approaches.  Their 



96

value comes from interacting mechanisms rather than from one 
technique in isolation.

Reducing  tillage  can  lower  erosion  and  preserve  soil 
structure. It can also make weed control more dependent on 
herbicides  in  some  systems.  Cover  crops  can  protect  soil, 
capture  nutrients,  add biomass,  and sometimes fix  nitrogen. 
They can also consume moisture or complicate planting if timing 
is poor. Diverse rotations can interrupt pests and spread risk 
while requiring additional markets, machinery, and knowledge.

“No-till”  should  not  be  treated  as  a  complete  farming 
system. The same practice can perform differently on a humid 
Midwest corn-soy farm, a dry Great Plains wheat operation, or a 
specialty-crop field with different weed pressure and equipment. 
The  surrounding  farming  system  determines  much  of  the 
result.

More  broadly,  “working  with  nature”  does  not  mean 
avoiding management.  Pathogens,  weeds,  drought,  nutrient 
losses,  and competition are natural  too.  Agriculture always 
selects which biological processes to encourage and which to 
limit. The test is whether those interventions preserve what 
the farm needs while avoiding larger costs elsewhere.

PRECISION AGRICULTURE CAN REDUCE WASTE WITHOUT 
GUARANTEEING LOWER TOTAL USE

Precision agriculture begins from a reasonable observation: 
fields  are  heterogeneous.  Soil  properties,  plant  growth, 
moisture, and pest pressure vary within fields and across time. 
Applying the same rate everywhere can waste inputs in one 
part of a field and leave another part short.

GPS,  sensors,  yield  maps,  remote  sensing,  variable-rate 
equipment,  models,  and  decision-support  tools  can  target 
fertilizer,  pesticide,  seed,  or  irrigation  more  precisely.  These 
technologies can maintain output with lower average input rates 
or improve output without proportional increases in inputs.
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That  is  a  real  efficiency  gain.  It  is  not  automatically 
conservation.

If a technology lowers the cost of applying an input or makes 
previously  marginal  acreage  profitable,  total  use  can  stay 
constant or rise even as use per acre or per unit of output falls. 
Irrigation  demonstrates  the  problem  especially  well:  better 
application efficiency can reduce water applied to one field while 
expansion  of  irrigated  acreage  or  higher-value,  more  water-
intensive crops keep basin withdrawals high.

Precision agriculture also changes what the farm depends 
on. A farm may use less fertilizer and depend more on sensors, 
software,  connectivity,  subscription services,  satellite signals, 
data  storage,  and  specialized  repair.  The  technology  can 
increase autonomy when it improves the farmer’s information 
and  control.  It  can  reduce  autonomy  when  critical  data, 
diagnostics, or functions remain locked to one provider.

The issue is not whether digital agriculture is modern or 
efficient. It is which resource it saves, what happens to that 
resource afterward, and what new technical system the gain 
depends on.

ROBOTICS CHANGES THE LABOR PROBLEM RATHER 
THAN ELIMINATING IT

Many  farm  tasks  are  repetitive,  strenuous,  dangerous,  or 
difficult  to  staff.  Weeding,  harvesting,  milking,  monitoring, 
thinning, spraying, and material handling can all create real labor 
constraints. Robotics can address a real labor problem.

But  “labor  saving”  does  not  mean  work  disappears. 
Programming, supervision, cleaning, maintenance, repair, data 
management,  and  workflow design  become more  important. 
Skill  requirements change. A robot can reduce stooping and 
repetitive  hand  work  and  create  a  new  dependence  on 
technicians or software.

Smaller autonomous machines may also alter the relationship 
between  mechanization  and  machine  size.  Historically,  high 
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labor  productivity  often  meant  larger  equipment  capable  of 
covering more acres quickly. Multiple small robots could perform 
some tasks without a driver and potentially reduce weight per 
pass or enable very targeted treatment.

That  does  not  guarantee  lower  soil  impact  or  greater 
ecological complexity. Frequent passes can still  compact soil 
under the wrong conditions. Robots may enable diverse planting 
patterns that are hard for large machinery—or reinforce highly 
standardized fields because those are easiest to automate.

The  important  question  is  what  kind  of  farming  the 
machine makes easier to operate.

CONTROLLED ENVIRONMENTS EXCHANGE LAND AND 
WATER FOR ENERGY AND CAPITAL

Greenhouses, high tunnels, indoor farms, and vertical farms 
reduce exposure to weather by replacing some environmental 
functions with infrastructure. Temperature, humidity, light, water, 
nutrients, pests, and growing schedules can be controlled more 
tightly.

This can produce major advantages for specific crops. Water 
can be recirculated. Production can occur year-round. Multiple 
layers can use a small building footprint. Some weather and pest 
risks become easier to control. Proximity to cities can reduce 
part of the logistics for highly perishable products.

The trade-off is straightforward: outdoor fields get sunlight, 
seasonal temperatures, and atmospheric conditions without a 
utility bill. Controlled environments have to replace part of 
that  with  buildings,  lighting,  heating,  cooling,  pumps,  and 
controls. Energy use and electricity costs become central. So 
does capital.

This  makes  controlled-environment  agriculture  much  more 
coherent for some high-value crops than for staple grains or 
oilseeds.  Lettuce,  herbs,  seedlings,  berries,  or  specialty 
products can justify high infrastructure costs more easily than 
corn, wheat, or soybeans sold at low value per pound.



99

The comparison has to be crop-specific. Indoor lettuce in a 
cold region should be compared with the realistic alternatives: 
seasonal local field production, heated greenhouse production, 
or imports from a warmer region. “Vertical versus conventional” 
is too broad to tell us anything useful.

GENETIC INNOVATION CHANGES A CONSTRAINT, NOT THE 
WHOLE SYSTEM

Humans  have  altered  crop  genetics  since  domestication. 
Modern biotechnology and genome editing change the speed 
and precision with which some traits can be developed, not the 
basic  fact  that  agriculture  selects  plants  for  desired 
characteristics.

Genome-editing  tools  can  target  traits  related  to  disease 
resistance,  stress  tolerance,  plant  architecture,  quality,  or 
nutrient use. Those capabilities can reduce some constraints. A 
disease-resistant variety may reduce a treatment. A drought-
tolerant variety may preserve more yield during water stress. A 
nitrogen-efficient variety may produce more with a given nutrient 
supply.

None of these traits abolishes agronomy. Resistance can be 
overcome by evolving pathogens. Drought tolerance does not 
create rainfall or groundwater. Better nutrient efficiency does not 
eliminate nutrient removal at harvest. The innovation changes 
one part of the system, not the whole of agronomy.

U.S.  regulation also shows why we need to  separate the 
technology  itself  from  the  institutions  that  govern  it. 
Biotechnology oversight is coordinated across federal agencies 
rather  than governed by  one single  “GMO authority.”  USDA 
APHIS, EPA, and FDA have different responsibilities under the 
federal  Coordinated  Framework  for  the  Regulation  of 
Biotechnology. The details depend on the organism, trait, and 
regulatory question.

That regulatory structure is not, by itself, a verdict for or 
against  genome  editing. Regulation,  patents,  licensing, 
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research  costs,  seed  markets,  and  access  can  affect  who 
benefits from a technical capability. A trait can be agronomically 
useful and economically difficult for some breeders or farmers to 
access.  Conversely,  more  precise  or  lower-cost  tools  can 
broaden participation in breeding under some conditions.

The distinction is between what the technology can do and 
the market and regulatory system through which farmers gain 
access to it.

HYBRID SYSTEMS ARE OFTEN MORE INTERESTING THAN 
CAMPS

Real  farms routinely  combine practices that  public  debate 
assigns to opposing ideologies. A farm can use cover crops, 
reduced  tillage,  targeted  mineral  fertilizer,  GPS  guidance, 
biological  controls,  modern plant  breeding,  livestock manure, 
and a robotic weeder at the same time.

The fact that these combinations are possible does not mean 
every combination is coherent. One technology may undermine 
another mechanism. A diversified rotation can make mechanical 
weed control easier or more complicated. A precision tool can 
help reduce nitrogen loss in a conservation system. A disease-
resistant variety can reduce pressure on pesticides. A robot can 
make  a  more  complex  planting  pattern  manageable—or  be 
designed only for highly uniform monoculture.

An innovation does not become better or worse because it 
belongs to “ecological” or “technological” agriculture. Judge it 
by what it changes and whether the farm works better as a 
whole.

EVERY SOLUTION CREATES NEW COSTS

The  agricultural  promises  examined  here  rarely  abolish  a 
constraint. They move it.

Reducing  synthetic  inputs  may  increase  labor,  land, 
knowledge,  or  biological-management  requirements. 
Automation may reduce physical work and increase capital and 
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maintenance dependence. Controlled environments may reduce 
land and water demand and increase electricity use. Genome 
editing may reduce a biological constraint and create questions 
about  access,  intellectual  property,  or  market  concentration. 
Precision may reduce input use per unit while leaving total use 
unchanged.

Rebound effects belong in the evaluation too. A higher yield 
can theoretically spare land and increase profitability enough to 
expand acreage. Efficient irrigation can reduce water per acre 
and increase total irrigated area. Cheap robotic intervention can 
make  treatment  frequent.  Better  nutrient  efficiency  can 
encourage more intensive production.

None of these rebounds is inevitable. They are reasons to 
follow the whole system after the local improvement occurs.

There is no prepackaged agriculture of the future waiting to 
win  a  contest  among  labels.  There  are  problems  to  solve, 
resources to manage, dependencies to live with, and trade-offs 
to make. The most useful innovation is the one that solves an 
important problem without hiding the new costs it creates and 
without undermining the other functions the system must still 
perform.

Climate change makes that  standard harder because the 
conditions  for  which  technologies  and  practices  were 
optimized are themselves changing.
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CHAPTER 13 — AGRICULTURE UNDER CLIMATE 
CHANGE

CLIMATE IS NO LONGER A STABLE BACKGROUND 
ASSUMPTION

Agriculture has always adapted to  weather.  That  fact  can 
become a dangerous reassurance if it is used to suggest that 
future climate change is simply more of the variability farmers 
already know.

Farms  are  built  around  expectations:  planting  windows, 
growing-season  length,  winter  chill,  water  supply,  heat 
thresholds, frost risk, pest pressure, forage seasons, livestock 
comfort,  building  design,  insurance  assumptions,  and 
infrastructure that may remain in service for decades. Climate 
change alters several of those expectations at once.

The deepest change is not any single drought or heatwave. It 
is the loss of stationarity: past weather becomes a less reliable 
guide to future risk.

Not every bad harvest can be attributed to climate change. 
Yield  also  depends  on  genetics,  soil,  management,  pests, 
irrigation,  prices,  infrastructure,  and  many  other  variables. 
Regions also experience different effects. Some colder areas 
can gain longer growing seasons or new crop options under 
moderate warming while  other  regions move closer  to  heat, 
water, or pest thresholds.

Farmers  increasingly  have to  make adaptation decisions 
while the climate they use as a reference is changing beneath 
them.

HEAT DAMAGES THROUGH TIMING AND THRESHOLDS

Annual average temperature is often too crude for farming 
decisions. A few extremely hot days during flowering, pollination, 
fruit set, grain filling, or livestock reproduction can matter more 
than a modest change in the annual mean.

Biological  systems  contain  thresholds.  Crops  have 
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temperature ranges for germination, flowering, photosynthesis, 
and reproductive success. Livestock have limits on their ability to 
dissipate metabolic heat. When a threshold is crossed during a 
sensitive period, the effect can be nonlinear.

A warmer climate cannot be translated into one universal 
percentage yield loss. Effects vary among crops, soils, regions, 
varieties,  water  supplies,  and  management.  Global  IPCC 
assessments provide evidence about overall risk and direction; 
local farming decisions require finer information.

Adaptation can shift timing. Earlier planting, different maturity 
groups, altered harvest dates, shade, cooling, or different breeds 
can  reduce  exposure.  But  each  adjustment  can  move  the 
system toward another constraint: spring frost, saturated soil, 
insufficient winter chill, new pests, water shortage, or a harvest 
period that conflicts with labor and infrastructure.

The quality of an adaptation depends on the new constraint 
it creates.

WATER IS A BASIN PROBLEM AS WELL AS A FARM 
PROBLEM

Climate  change  affects  agriculture  through  precipitation, 
snowpack,  evapotranspiration,  drought,  extreme rainfall,  and 
groundwater  recharge.  Annual  rainfall  totals  alone  are  not 
enough. The same amount of  precipitation can become less 
useful if it arrives in fewer, more intense events separated by 
longer dry periods.

The United States makes this geographic diversity obvious. 
Some regions face chronic water scarcity; others struggle with 
excess  water,  drainage,  flooding,  or  extreme rainfall.  USDA 
Climate Hubs explicitly treat water adaptation as region-specific 
because water supply and demand depend on local hydrology 
as much as on farm technology.

Irrigation can be an extremely effective adaptation to rainfall 
uncertainty. It can also become maladaptive if it locks crops and 
capital into dependence on a water source that is declining.
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A more efficient irrigation system can reduce water applied 
per acre and fail to reduce basin depletion if irrigated acreage 
expands, return flows decline, or farmers shift into more water-
intensive production. As elsewhere in this book, unit efficiency 
and total resource use must remain separate.

Water adaptation has to be judged at the basin scale: after 
accounting for farms, cities, industries, ecosystems, and future 
users,  is  the  resource  still  being  renewed  fast  enough  to 
support them?

EXTREMES REVEAL WHETHER RESILIENCE IS REAL

A farm can perform well under a slowly changing average and 
still  fail  when  an  extreme  event  crosses  a  design  limit. 
Heatwaves can overwhelm animal ventilation. Floods can isolate 
facilities, destroy stored feed, or prevent planting. Drought can 
reduce both crops and forage. Wildfire can affect rangelands, 
workers,  livestock,  transportation,  and  air  quality 
simultaneously.

Compound events are more dangerous because systems are 
often designed around one failure at a time. Heat plus drought is 
not simply heat and drought added together.  A poor harvest 
combined with a port disruption or a simultaneous production 
loss in several regions can create a larger market shock than 
either event alone.

Under  those  conditions,  resilience  is  not  the  same  as 
maximum average output. Avoiding catastrophic failure can 
matter more. Crop diversity, irrigation backup, water storage, 
feed  reserves,  multiple  suppliers,  alternative  market  outlets, 
different maturity dates, insurance, and redundant infrastructure 
can all function as safety margins.

Those  margins  cost  money,  land,  or  average  efficiency. 
Resilience is not free, and more redundancy is not always better. 
Protection is justified when the failures it  guards against are 
severe enough to warrant the cost.
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PESTS AND DISEASES MOVE WITH CLIMATE—BUT NOT IN 
ONE DIRECTION

Warmer  temperatures  and  changing  rainfall  can  alter  the 
survival,  reproduction,  and  geographic  range  of  pests, 
pathogens,  weeds,  vectors,  and beneficial  organisms. Milder 
winters may improve survival for some species. New regions 
may become climatically suitable.  Longer seasons can allow 
additional generations.

That does not mean warming automatically increases every 
pest. Extreme heat can reduce some organisms. Drought can 
suppress one disease and favor another. Humidity, host stress, 
trade, irrigation, pesticide use, and land management all interact 
with climate.

Perfect prediction is not the goal. A more robust response 
combines  surveillance,  early  detection,  crop  and  genetic 
diversity,  quarantine  where  appropriate,  integrated  pest 
management, and the ability to respond quickly when a new 
pressure appears.

Much of that capacity sits beyond individual farms. Extension 
systems, laboratories, public agencies, private crop advisers, 
seed companies, weather networks, and regional monitoring all 
become part of climate resilience.

LIVESTOCK ADAPTATION INVOLVES HEAT, WATER, FEED, 
AND INFRASTRUCTURE

Animals face climate both directly and indirectly. Heat can 
reduce  feed  intake,  fertility,  growth,  milk  production,  egg 
production,  and  immune  function.  Water  demand  can  rise. 
Pasture and forage quality can change. Vector-borne disease 
ranges can shift. Extreme weather can increase mortality.

Housing  changes  the  risk  rather  than  eliminating  it.  A 
controlled  building  can  protect  animals  from  heat,  cold, 
predators,  or  storms  and  become  critically  dependent  on 
electricity,  ventilation,  pumps,  and  backup  generation.  An 
extensive grazing system can require less mechanical climate 
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control and become highly exposed to drought, wildfire, water 
access, or forage failure.

Adaptation  options  include  shade,  ventilation,  cooling, 
different work schedules, lower stocking density, heat-tolerant 
genetics,  forage  reserves,  changed  grazing,  and  altered 
buildings. Every option uses resources. Cooling needs power 
and sometimes water. More reserve forage requires land and 
storage.  A  heat-tolerant  breed  may  deliver  lower  peak 
productivity.

There is no climate-proof livestock system independent of 
place.

ADAPTATION CAN BE INCREMENTAL OR 
TRANSFORMATIONAL

Some climate adaptation preserves the basic farm system. A 
producer changes planting date, variety, irrigation scheduling, 
shade, ventilation, crop insurance, or soil management. These 
incremental changes are often the cheapest and most realistic 
first response.

Other conditions eventually require a deeper shift. A crop may 
become poorly matched to the climate. A water source may no 
longer support the existing acreage. A livestock system may 
require  cooling  that  becomes  too  expensive.  An  orchard  or 
vineyard can be locked into varieties planted decades earlier. 
Processing  infrastructure  can  remain  tied  to  a  crop  whose 
regional production is moving.

At that point, protecting the underlying function may require a 
transformational  response:  changing  crops,  relocating 
production,  redesigning  water  systems,  altering  livestock 
enterprises,  rebuilding  infrastructure,  or  abandoning  an 
investment whose original assumptions no longer hold.

USDA  Climate  Hubs  make  this  distinction  operational  by 
offering adaptation approaches ranging from maintaining soil 
and water  functions and adjusting management  to  switching 
commodities  or  realigning  agricultural  systems toward  future 
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conditions. The agency terminology is less important than the 
distinction itself: adaptation can preserve a system for a time 
and later require changing the system.

MALADAPTATION BUYS RELIEF BY INCREASING FUTURE 
VULNERABILITY

An  adaptation  becomes  maladaptive  when  it  reduces  a 
current problem while increasing future exposure, dependence, 
inequality, or transition cost.

Pumping more groundwater can save a crop and accelerate 
aquifer depletion. Building expensive cooling infrastructure can 
preserve a livestock system and increase dependence on an 
electrical  grid  that  may itself  be  stressed during heatwaves. 
Repeatedly  financing  protective  measures  can  preserve 
productive capacity for a time while also delaying a transition 
away from a location or system whose underlying risk is rising.

The key question is what we are actually trying to protect. 
Preserving one crop, one building, or one production tradition is 
not  always  identical  to  preserving  food  production,  income, 
employment, or regional agricultural capacity. Sometimes the 
sustainable adaptation is to let one form of production move 
while protecting the broader function in a new form.

ADAPTATION HAS LIMITS, SO MITIGATION REMAINS 
NECESSARY

Agriculture  has  many  adaptation  options.  It  cannot  adapt 
indefinitely to any magnitude of climate change.

A limit appears when the necessary response is physically 
ineffective,  economically  inaccessible,  socially  impossible  to 
implement  in  time,  or  dependent  on a resource that  is  itself 
disappearing.  A  crop  cannot  be  replanted  around  a  heat 
threshold if the entire growing season becomes incompatible. 
Irrigation cannot solve water scarcity when no sustainable water 
source remains. Cooling cannot expand without limit if power 
and water are constrained.
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Some  limits  are  “soft”  because  institutions,  knowledge, 
money,  or  infrastructure  can  move  them.  Others  become 
increasingly  hard  because  they  reflect  biological  or  physical 
constraints.

Adaptation and mitigation must remain distinct. Adaptation 
reduces vulnerability  to  climate  that  has  changed.  Mitigation 
reduces  the  net  greenhouse-gas  emissions  causing  further 
climate change or increases durable carbon sinks.

One practice can contribute to both and does not necessarily 
do so. Irrigation can protect crops and increase energy demand. 
Soil-carbon practices  can improve water  retention  and store 
carbon. Livestock cooling can reduce heat stress and increase 
electricity use. Lower emissions per pound of product do not 
guarantee lower total emissions.

SOIL CARBON IS AGRONOMICALLY VALUABLE WITHOUT 
BEING AN INFINITE OFFSET

Increasing  soil  organic  carbon  can  improve  aggregation, 
infiltration,  nutrient  retention,  water-holding  capacity,  and 
biological  function.  Those  benefits  can  make  a  farm  more 
resilient even when the climate value is uncertain.

Soil can also store additional carbon, but not without limits. 
Accumulation can slow. Measurement depends on depth and 
baseline. Carbon can be lost again when management changes 
or warming accelerates decomposition. Additional biomass and 
nutrient  requirements  matter.  Associated  nitrous-oxide 
emissions can matter.

A temporary increase in soil  carbon is not equivalent to 
permanently avoiding a fossil-fuel emission. Mitigation claims 
have to address additionality, permanence, leakage, baseline, 
and full-system emissions.

Keeping that distinction clear cuts both ways. It  prevents 
exaggerated offset claims and prevents climate skepticism from 
erasing  genuine  agronomic  benefits  of  building  soil  organic 
matter.
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DECISION-MAKING UNDER UNCERTAINTY REQUIRES 
ROBUSTNESS, NOT FALSE PRECISION

No farmer knows the exact weather of a particular field in 
2050.  Climate  models,  emissions  trajectories,  markets, 
technologies, breeding, public policy, and future adaptation all 
create uncertainty.

Part of that uncertainty is irreducible because future human 
decisions have not yet been made.

The  sensible  response  is  neither  paralysis  nor  false 
precision about  one future. Some changes are much more 
firmly established than others. Rising heat exposure, continued 
warming  under  continued  emissions,  and  shifts  in  many 
extremes  can  justify  action  even  when the  exact  yield  of  a 
specific  county  decades  from  now  cannot  be  predicted 
confidently.

That  favors  strategies  that  work  reasonably  well  across 
several  plausible  futures. Better  soil  water  management, 
diverse  varieties,  backup  power,  multiple  market  outlets, 
surveillance,  flexible  infrastructure,  insurance,  financial 
reserves, and repair capacity can all be valuable because they 
reduce dependence on one forecast.

Robustness has costs and must itself be judged. The correct 
amount of insurance depends on the consequences of failure 
and the price of protection.

Climate  change  reinforces  the  book’s  larger  argument. 
Sustainable agriculture cannot be defined by the technique that 
performs  best  under  one  assumed  future.  It  must  preserve 
essential  functions  while  retaining  the  capacity  to  transform 
when assumptions stop holding.



110

CHAPTER 14 — SUSTAINABLE AGRICULTURE IS 
NOT A SINGLE MODEL

NO SINGLE MODEL WINS EVERYWHERE

After  examining food security,  soil,  water,  crop protection, 
machinery,  labor,  livestock,  welfare,  markets,  trade,  diets, 
technology, and climate, it would be tempting to end with a single 
prescription: organic, regenerative, high-tech, local, diversified, 
intensive, extensive, or some new hybrid label.

That would contradict the argument developed throughout the 
book.

This is not an argument that all forms of agriculture are equally 
good. Some systems deplete aquifers faster than they recharge. 
Some lose soil faster than it can be rebuilt. Some depend on 
unpaid labor, unserviceable debt, destructive land conversion, 
poor  animal  welfare,  or  pollution  transferred  to  other 
communities. Some systems are so concentrated that one failed 
supplier, processor, or technology can stop them.

Those failures can be identified.

What we cannot honestly identify is one farm model that 
ranks every priority the same way in every region and for 
every purpose.

START WITH FUNCTIONS, NOT IDENTITIES

Food comes first: agriculture has to produce enough useful 
food and people have to be able to obtain it.

But  production  is  not  the  only  function.  Soil  must  remain 
capable  of  supporting  future  crops.  Water  withdrawals  must 
remain  compatible  with  long-run  availability.  Nutrient  cycles 
must  avoid  both  depletion  and  damaging  surplus.  Farm 
businesses  have  to  compensate  labor  and  capital.  Workers 
need conditions that can be sustained. Livestock systems have 
to account for the welfare and moral status of animals. Supply 
chains need enough redundancy to survive disruption. Climate 
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adaptation has to preserve options rather than simply extend 
a failing system.

Those goals cannot be reduced to one unit.
A bushel, a dollar of farm income, a gallon of water, an acre of 

habitat, a ton of carbon dioxide equivalent, an animal’s suffering, 
and  a  community’s  strategic  dependence  cannot  be  added 
together  without  value  judgments.  Analysis  can  make  those 
dimensions visible and compare them where comparison is 
legitimate. It cannot hide moral and political choices inside a 
formula.

CONTEXT IS MORE THAN LOCATION

A region is more than a point on a map. Its agriculture is 
shaped  by  soil,  climate,  water,  labor  markets,  land  prices, 
infrastructure, processors, ports, traditions, knowledge, laws, 
risk, and demand.

Two  farms  growing  the  same  crop  can  operate  in  very 
different  systems. One may depend on groundwater  that  is 
declining;  another  on  reliable  rainfall.  One  may  have  three 
nearby buyers; another one. One may be owned free of debt; 
another may carry large land and machinery payments. One 
may  be  able  to  hire  skilled  labor  easily;  another  may  be 
constrained by labor availability. The same practice can have 
different consequences in each.

Context  does  not  make  general  knowledge  irrelevant. 
Erosion still follows physical mechanisms. Nitrogen can still be 
lost. Repeated pesticide use can still select for resistance. Heat 
still  acts  through  biological  thresholds.  Concentrated 
dependence still creates vulnerability.

General  mechanisms  tell  us  what  to  look  for;  local 
conditions tell us which one is limiting and which alternatives 
are realistic.
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EVERY IMPROVEMENT NEEDS A COUNTERFACTUAL

A practice cannot be judged from the direction of one indicator 
alone.

Saving  water  per  pound  of  output  is  not  enough  if  total 
withdrawals rise.  Lower emissions per gallon of milk are not 
enough if total emissions increase. More soil carbon is not the 
same as permanently avoiding fossil  emissions. Higher labor 
productivity can reduce exhausting work and concentrate capital 
or  eliminate  jobs.  Higher  yield  can spare  land and increase 
profitability enough to expand acreage.

Every claim of improvement should answer one question: 
better than what?

What  would  have  happened  without  the  practice?  What 
alternative production would have occupied the land? Where 
would labor, water, capital, feed, or fertilizer have gone? What 
happens if the practice spreads from one farm to a whole region? 
Which  cost  lies  outside  the  boundary  of  the  original 
measurement?

Without that  comparison,  the chosen metric  can end up 
telling the whole story by itself.

ROBUSTNESS IS DIFFERENT FROM MAXIMUM AVERAGE 
PERFORMANCE

A system optimized for ordinary conditions can become fragile 
when one assumption fails. Cheap energy, stable water, one 
reliable buyer, one dominant crop, one pesticide mode of action, 
one software vendor, or one processing plant can make a farm 
efficient and create a single point of failure.

Robustness means continuing to perform essential functions 
when several favorable conditions disappear.

That may justify backup suppliers, inventories, diverse crops, 
flexible  contracts,  alternative  water  sources,  repairable 
equipment,  financial  reserves,  or  regional  processing 
redundancy. None is free. A system can spend so much on 
redundancy that it becomes economically weak in normal years.
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The goal is not maximum diversity or maximum backup. It 
is enough flexibility to survive failures that would otherwise 
have unacceptable consequences.

Resilience cannot be equated with small farms, local food, 
low technology, or diversity. A large specialized operation can 
have  multiple  suppliers,  strong  reserves,  repair  capacity, 
insurance, and flexible markets. A small  diversified farm can 
depend completely on one irrigation well or one family member.

How the system is built matters more than how it looks.

CONTEXTUAL JUDGMENT CAN STILL SAY NO

Saying that agriculture must be evaluated in context does not 
mean  every  system  can  be  defended  by  invoking  local 
circumstances.

If groundwater withdrawals persistently exceed recharge and 
no  credible  transition  changes  that  trajectory,  the  system is 
materially unsustainable. If soil is lost faster than it forms, current 
yield  is  being  purchased  by  liquidating  future  productive 
capacity. If a farm remains viable only through labor that cannot 
reasonably be sustained or debt that cannot be serviced, strong 
production figures do not solve the economic problem. If animal 
suffering  is  treated as  irrelevant  merely  because reducing it 
would raise costs, a moral conflict has not been resolved; it has 
been hidden.

A technique does not become bad merely because it requires 
capital, fertilizer, irrigation, technology, or trade. Those tools can 
perform essential functions. The issue is whether their costs and 
dependencies are compatible with the benefits they provide and 
with the alternatives actually available.

A  judgment  can  be  conditional  and  still  be  firm. This 
irrigation expansion is incoherent in this basin under this water 
trajectory. This rotation is attractive if the missing market and 
harvesting capacity can be created. This grazing system uses 
land with little cropping alternative but still requires methane and 
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welfare evaluation. This automation solves a labor bottleneck 
but creates a repair dependency that needs a fallback.

A conditional conclusion is not a weak conclusion when the 
conditions are explicit.

FACTS AND VALUES HAVE TO REMAIN DISTINCT

Agronomy,  economics,  ecology,  veterinary  science,  and 
climate science can tell us a great deal. They can estimate water 
use, yield,  emissions, mortality,  risk,  income, nutrient losses, 
and likely responses to a policy.

They cannot decide how much weight society should assign to 
a landscape, animal life, food sovereignty, rural employment, 
low prices, or autonomy.

Those are value judgments.

Making those values explicit is not a failure of science. It 
keeps  political  priorities  from  being  smuggled  into  an 
indicator and presented as scientific conclusions.

A coherent policy says plainly what it is trying to protect and 
what costs it is willing to bear. Demanding very low food prices, 
high farm income, lower emissions, better animal welfare, more 
biodiversity, less public spending, no change in diets, and no 
reduction in production may describe a list of desires rather than 
an internally possible program.

Sustainability does not make conflicts vanish. It prevents them 
from being transferred invisibly to whoever has the least power 
to refuse them.

COMBINE MECHANISMS, NOT IDENTITIES

A farm can use mineral fertilizer and cover crops, genome-
edited varieties and crop rotations, sensors and manure, grazing 
and precision irrigation, mechanical weed control and targeted 
herbicides, regional markets and exports.

There is no requirement that coherent practices belong to the 
same ideological family.
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But eclecticism is not automatically coherent either. Adding 
individually attractive practices can create labor overload, capital 
duplication, incompatible equipment, competition for water, or 
dependence  on  the  same  fragile  digital  infrastructure.  Each 
element should have a clear purpose.

A practical decision process follows.
First, define the essential functions the system must perform.

Second,  identify  physical,  economic,  welfare,  or  strategic 
constraints that cannot be crossed without failure.

Third,  compare alternatives using the same counterfactual 
and at  the scales that  change the result:  field,  acre,  unit  of 
output, farm, watershed, region, nation, or food system.

Fourth, identify new dependencies and who bears each cost.

Fifth, stress-test the system against several plausible shocks 
rather than optimizing only the average year.

Sixth, distinguish empirical conclusions from value judgments.

Finally, preserve the ability to revise the decision when the 
world changes.

PRESERVING FUTURE OPTIONS IS PART OF 
SUSTAINABILITY

Some  agricultural  decisions  are  easy  to  reverse.  Others 
commit decades.

An  annual  crop  can  change  next  season.  An  orchard, 
irrigation system, dairy barn, processing plant, drained wetland, 
exhausted aquifer, deeply eroded soil, or large debt structure 
can constrain decisions for years or generations.

The heavier and less reversible the commitment, the more it 
should  be  tested  against  multiple  futures:  climate,  water, 
markets, labor, energy, policy, technology, and demand.

Preserving  options  does  not  mean  avoiding  long-lived 
investments. Agriculture could not function without commitment. 
It  means  recognizing  option  value  as  part  of  the  cost  of 
irreversible choices.
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A system that preserves soil depth, water availability, genetic 
diversity,  repair  skills,  financial  flexibility,  and multiple supply 
pathways leaves future operators more ways to adapt. A system 
that consumes those margins may remain highly productive for 
years and still become less sustainable because it is narrowing 
the future.

SUSTAINABILITY IS A DISCIPLINE OF DECISION

The  book  does  not  end  by  proposing  a  new  school  of 
agriculture.

Sustainable agriculture is not whatever looks most natural, 
technological,  local,  productive,  or diverse.  It  is  agriculture 
that can explain what it must accomplish and what it depends 
on, does not hide costs outside the chosen metric, keeps its 
contradictions  visible,  and does  not  needlessly  destroy  the 
conditions for future production and transformation.

That  standard  offers  no  permanent  badge  of  virtue. A 
system that is coherent today may become incoherent when 
water, climate, labor, markets, or alternatives change. A practice 
that is costly today may become valuable when technology or 
scarcity  changes.  Agricultural  decisions  have  to  remain 
revisable because the world around them keeps changing.

The aim is not to abolish trade-offs. It is to understand them 
well enough that society knows what it is choosing, who will 
bear the cost, and which options will remain afterward.
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