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reface. This work was undertaken and finished during the height of

mulitary conflict in South Vietnam, before withdrawal of U.S. military

personnel. The consequences of the United States intervention and
subsequent withdrawal are now quite apparent and agree in general with
our computer projections. Qur original contract did not include provisions
for a change in government.

The ending of the “Vietnam War” marked the beginning of the end for
“democracy” in South Vietnam. For as the simulation results in this investi-
gation show, the 6-year war from 1965 to 1970 left the country of South
Vietnam with little infrastructure to continue prolonged conflict with their
neighbors to the north. Without massive aid programs of both military and
civilian aid (to increase the internal productivity of the country) there was
little doubt that the country would fall. Of course, the external subsidy to the
“winning” side, not simulated here, was a very important factor in the ultimate
disposition of the war.

The simulation results indicated that even with a twofold increase in aid
over those amounts in 1971, it would require as long as 10 years for South
Vietnam to recover to the levels of productivity experienced before the “6-
year war.” As a result the country was particularly vulnerable to continued
conflict, With these things in mind it was of little surprise that the government
of South Vietnam surrendered to that of North Vietnam on May 7 of this
year. Perhaps this simulation will be of some use to the new political structure
responsible for the welfare of the people of South Vietnam,

December 10, 1975 MARK BrROwN

Any system that maintains continuous life must develop a balance between
ordering and disordering processes. For example, ecosystems are dependent
upon photosynthesis to build structure and to provide a base for the food
chain. But ecosystems also require the catabolic processes of death and
bacterial decay to make room for new organisms and to release nutrients
needed for new plant growth from dead organisms. If one or the other of these
two processes were to dominate for a long period of time, the system even-
tually would no longer be able to function properly. An important component
of this anabolic-catabolic relationship is the ability of a system to rebuild
structure after some disruption. For example, when a large tree topples in a
forest because of a windstorm the successional communities are able to use
the nutrients from the decomposition of that and other trees. New biotic

Studies stimulated by a contract between the National Academy of Sciences and the Department
of Environmental Engincering Sciences, University of Florida, Gainesville, for “Models of
Herbicide, Mangroves, and War in Vietnam.”
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structures soon fill the clearing aided by the increased sunlight energy that
reaches the forest floor and eventually produce another large tree to replace
the one that toppled.

Social systems also are dependent upon both the proper balance between
constructive and destructive forces, and the ability to repair damaged
structure. The crowded, complex systems of today’s civilization continuously
require large flows of energy from industrial and biotic sources to repair and
repiace structures damaged by entropic degradation. If these ordering pro-
cesses are disrupted by war or other large disorders, the physical structure of
society will suffer. On the other hand, if ordering energies are available to
rebuild social structure, as was the case with the Marshall plan following
World War 11, the social effects of war may be mitigated to some extent.

This chapter investigates with the aid of an analog computer the country
of South Vietnam, during the period 1960 through 1970, from the point of
view of the ordering energies of biotic and industrial processes and the dis-
ordering energies of war. It includes calculations of the disordering effects
of the extensive United States’ bombing, herbicide spraying, and Rome
plowing on ecosystems and cities. Quantitative calculations are made on the
changes in land quality following these disruptions and the ways in which
these changes effect the economy and population distribution patterns of the
people of South Vietnam. Finally, we investigate what some of the ramifica-
tions of different levels of U.S. foreign aid, and hence new ordering energies,
might mean to the reconstruction of Vietnam.

A MODEL OF VIETNAM

Figure 1 is a diagram of some major energy processes of the country of
South Vietnam at war. It shows the major compartments and flows of energy
and materials throughout the country. The circles to the left represent forcing
functions, in this case the ordering energies available to South Vietnam. These
are the malterials and energies that are used in the normal processes of the
country for construction and maintenance of structure (e.g, biomass,
buildings, agricultural systems, etc.). S, is all incoming goods, both United
States’ material aid and imported goods from the World Market. S, is all
money sent to South Vietnam in the form of aid, and Sy is all the natural
energies (sun, tides, wind, rain, etc.) that help maintain the natural structure of
the country, The circles to the right represent the disordering energies that
are forcing functions for the country at war, that is, the materials and energies
that are used for war and thus increase the processes of disruption and
entropy. S5, is all the energies available to the Viet Cong and North Viet-
namese military structure to make war. 83, 84, and S5 are the three major
disordering energies of the U.S. and South Vietnam military structure.
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Figure I Major cnergy processes of South Vietnam while at war. Numbers in parentheses (30}
indicate reference to a calculation of a rate constant explained in the Appendix. Subscripted
letters (@, S,) indicate reference to calculation of storages and sources in Appendix. Dashed
lines (——--) are flows of money. Solid lines (——) indicate flows of materials and energies.
Details are available from author, or see “The effects of herbicides in South Vietnam,” Part B:
working papers.

The land categories (city, agriculture, forest, and mangrove) each are
separated into their respective components (or storages). The city system has
within it land, people, goods, and a storage of money. The natural systems
have two components each: land arca and biotic structure (i.e., standing crop
of biotic structure). The land storage and the forcing functions interact to
produce social structure.

The components to the right of the natural systems, those of craters, base
land, bare land, and dead wood, are components that are considered storages
of disordered land and structure as it is transferred from one land use category
to another by the impact of the disordering energies of war.
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In Figure 1 the rates of material and energy flows, and the quantities stored
in each of the components of the country have been calculated for the year
1965, the beginning of the escalation of the United States involvement in the
Indochina War. (Calculations and sources for the calculations are sum-
marized in Appendix I, and detailed calculations may be obtained from the
author; see also “The Effects of Herbicides in South Vietnam,” Part B:
working papers, National Academy of Sciences, February 1974.) Evaluation
of the flows of the different disordering energies gives perspective to their
effects on the many processes of the country; in all cases herbicides account
for the greatest disruption.

Another way to understand the effects that the disordering energies have
had on the processes of the country is to calculate the percentage of the
ordering energy budget of South Vietnam disrupted by these war activities.
Column 1 in Table 1 shows the cumulative energy budget (i.e., the ordering
energies) for the 6-year period, 1965 to 1970. Columns four, five, and six
show our estimates of the total amounts of disordered energy introduced to
the country by each of the disordering operations of bombing, herbicides,
and Rome plowing. Column seven shows the percentage of the total ordering
energy budget that was disrupted for each of the various subsystems of the
country.

During the 6-year period of major United States’ involvement in the
Indochina War (1965 to 1970), 10.7%, of the total natural and man-derived
energy budget of South Vietnam was disrupted directly by war. This repre-
sents a relatively small fraction of the country’s man-derived and natural
energy budget, although it does not account for secondary interactions, feed-
back operations, and time delays that may cause further disruption of normal
processes and may increase the overall effects of the war.

ORDER AND DISORDER IN VIETNAM

It is well known that many ecological systems are stress adapted and to a
certain extent even depend upon some form of stress to accelerate regenera-
tive processes and recycle nutrients. Just as fire-climax forests and prairies
are stress adapted and depend on pulses of fire to recycle nutrients (Chapter
23), the country of South Vietnam possibly could be considered a stress-
adapted system. Conflict and large-scale warfare has been the rule rather than
the exception since the Geneva Agreements of 1954 and even before with a
long and bitter conflict between the Communist-led Vietminh and the French
armed forces. In some systems frequent chronic stress, such as grazing in
grasslands, results in greater overall production by reducing diversity and
releasing disordered materials for reconstruction and repair. Could the same
apply to a chronic 30-year war and the country of South Vietnam? Or is the
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400 Disordering and Ordering Energies in South Vietnam

effect of chronic disordering a seriously degraded economic and cultural
system?

The 6-year involvement of the United States in the Indochina War resulted
in an escalation of disordering energies that could be represented by an
additional stress pulse of 10.7%; over and above the disordering resulting
from previous military engagements. Far more important than the magnitude
of this overall stress are the percentages of the energy budgets that were dis-
rupted from each of the subsystems of South Vietnam. Column 7 in Table 1
lists the percentages of each subsystem disordered. A comparison of these
indicates that while the country had a 6-year stress pulse of 10.7%/, individual
stresses account for major local effects, and interactions of these components
may magnify the overall stress,

For example, the mangrove systems were stressed nearly 419 (i.e.,, produc-
tivity was reduced by 41%): a stress that appears to have reduced the ability
of the system to recover in a short period of time. Data gathered by NAS
personnel while surveying ecological effects of herbicides in Vietnam indicate
a lack of recovery, possibly due to loss of seed source. It has been suggested
recently that mangrove systems are an important part of the food chain in
estuarine systems. A stress of this magnitude could have severe effects on
estuarine systems that, in turn, will affect the human settlements by a loss of
food source. This may be particularly important since fish (which are in large
part dependent upon mangrove-based food chains) are an important protein
source in this protein-deficient land, where animal protein makes only 4 to
5% of the per capita calorie intake (Fuller, 1963).

The productivity of the forest systems of the country were reduced nearly
8%5; a stress that probably will have little effect on the individual system, but
if such factors as quantity of wood destroyed and regeneration time are taken
into account, the human settlements depending on the forest systems as an
auxiliary energy source may feel the stress far more than the forest itself, Tt
has been estimated by Westing (1972) that 6.2 billion board feet of marketable
lumber was destroyed by acrial bombardment and herbicide application from
1965 to 1970 in South Vietnam.

The human settlements of South Vietnam had 13% of their land area and an
equal percentage of their fossil fuel-derived energy budget disordered during
the 6-year period (1965 to 1970). These effects are increased by normal
population growth, an increased movement to urban regions due to reloca-
tion of refugees, reduced agriculture production {5.2%), reduced estuarine
production (97;), and reduced lorest production (8%). Again the direct stress
is magnified and will require many yvears to recover.

The systems diagram is another way of showing these same effects. Figure
2 1s a diagram of the gross energy budget for the country of South Vietnam
showing all the main energy flows, constructive and destructive, including
those of nature and man-derived energies of the cities. Energy of low quality,
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Figure 2 Simplified energy budget of South Vietnam, 1965 to (970. Numbered footnotes
given below:

* | US. war effort was calculated by adding the incremental costs of the war in Vietnam for
the vears 1965 to 1970. The incremental costs are the costs that represent the “net difference
between wartime and peacetime needs” of the U.S. Military (U.S. Congress. House Committee
on Appropriations, Dept. of Defense Appropriations for 1970, pt. VII. Hearings, Washington,
U.S. Government Printing Office, 1970. p. 395). The total war effort (981 x 10® dollars) was
then multiplied by 1.4 x 10* kcal dollar ! {the mean industrial energy use per dollar spent
for the United States) to obtain the energy expenditure. This figure includes the U.S. industrial
energy used to manufacture as well as ship war materials to South Vietnam.

2 Viet Cong and North Victnamese war effort was estimated by assuming steady increase
from $3555 million (Thayer, 1969) to $765 million in 1970 {A. P., Gainesville Sun, Gainesville,
Florida. April 2, 1972). The total war effort (3.9 x 10? dollars) was then multiplied by 1.4 x
10* kcal dollar ~ ! to obtain the energy expenditure.

1 U.S. Aid was calculated by adding the official aid for the years 1965 to 1970. (Annual Sta-
tistical Bulletin, No. 14) The official aid (3.03 x 10° dollars) then was muitiplied by 1.4 x
10* keal dollar ! to convert to potential energy entering the system.

4 Natural energies are all those energies entering the country from the chemical potential
energies of gross photosynthesis of ecosystems and the chemical potential energies of rivers,
tides, thermal heating, winds, and rains as runoff.

5 Fuel inputs are from “Vietnam Statistical Yearbook.” For the 6-year period (5.2 x 10° metric
tons), this was multiplied by 10° g metric ton and by 10 keal g~ to convert to calories of work.
6 Purchased goods were calculated by adding the import arrivals from Annual Statistical
Bulletin No. 14 for the years 1965 to 1970. The import arrivals (1.59 x 10° U.S. dollars) were
then multiplied by 1.4 > 10* kcal dollar ~* to convert dollars to the potential energy equivalent.
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such as sunlight, is calculated as the chemical potential energy after trans-
formation by photosynthesis and expressed in equivalent fossil-fuel work
potential. High-quality energies such as urban technological materials and
machines are expressed in equivalent fossil-fuel energy required to generate
work necessary for their production (Chapter 7).

When many of the details of small component flows of energy through the
country such as in Figure 1 are eliminated by a larger-scale view, certain
patterns and some consequences of the war become more obvious, The
magnitudes of ordering and disordering energies, the difference in the levels
of the U.S. war effort and the Viet Cong/North Vietnam war effort, and the
differences in aid as compared to imported energies begin to show the magni-
tude of the disordering effect of war on both the biotic and economic struc-
tures of South Vietnam.

During the 6-year period from 1965 to 1970 the ratio of destructive energies
of war to the constructive energies of nature and the city was approximately
1:10. The impact of a pulse disorder-to-order ratio of 10%, will release
materials and increase repair mechanisms required for rejuvenation, which in
the short run may increase productivity. However, a disordering pulse that
alters the landscape by removing 4,722,800 acres from productive lands and
reduces productivities in an additional 5,600,000 acres of lands had reduced
drastically the stability of the landscape (Appendix I). Increased gross pro-
duction in both the natural and urban systems may not produce a stronger or
more stable system, but on the contrary the result could be a highly variable,
subsidized economy with decreased stability. Certainly, the decreases in rural
hamlet and village populations as the inhabitants left the war zones for the
urban areas, the decreases in industrial and agricultural production, and
increases in imports of consumer goods would reflect an economy having less
occupational and industrial diversity—an economy that is highly unstable
because of its need for increased flows of high-quality fossil fuels in a world
of decreasing availability of these fuels.

While the total disordering energies were significant in themselves, it is
interesting to note the differences in magnitude of the United States’ war
effort compared to the Viet Cong and North Vietnamese. The United States,
fighting a war on unfamiliar terrain and using very sophisticated mechantsms,
spent 25 times the energy in its war effort as the Viet Cong/North Vietnamese.
The Viet Cong and North Vietnamese using the techniques of jungle warfare
kept concentrations of troops and supplies at a minimum, thus making it
nearly impossible for the concentrated war effort of the U.S. to overpower i,
The end result was more a disordering of the natural environment than
troops, with less damage to the Viet Cong and North Vietnamese war effort
than some people expected.

But more important, the diagram shows where the most stress was inflicted
by the actions of war. For example, the natural system, while having a large
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absolute loss in comparison to the urban systems, was stressed 7.2%. The
urban system (i.e., the manbuilt-technological economy) had 12.2%; of its
energy budget disrupted. Other consequences of the war (secondary inter-
actions) such as the shift in population from rural areas to the urban centers,
the loss of population as casualties of war, and shifts in land use have magni-
fied this stress.

SIMULATION MODEL OF VIETNAM

The war obviously has caused many human casualties and disrupted cities
and valuable ecosystems. But the disordering of lands and the accompanying
transfer from one land use category to another might or might not be a “bad
consequence” of the war in the long run, depending on future aid patterns and
one’s personal point of view. For example, those who advocate increased
agricultural production for the country view the change from forest to bare
land as accomplishing the first step in the process of bringing more land into
agricultural production. This seems to be the case as long as there are the
necessary energies (such as U.S. Aid) available that can be added to the
country’s own reserves to complete this transfer.

The actions of war have disordering energies on not only the physical,
natural, and man-made systems, but on the social and economic systems as
well. As a consequence of the war there has been a massive switch from a rural
to an urban population. This shift in population has caused the expansion of
the urban centers and at the same time a decrease in the nation’s industrial
and especially agricultural productivity. This in turn has caused increased
dependence on U.S. aid and purchased imports.

The effects that disordering energies have had on the country of South
Vietnamn can be assessed completely only through time. One aid toward this
assessment is the use of the systems diagram translated into the language of
the analog computer which can make projections into the future. Such a
simulation can give new insight into the cumulative effects of all disordering
energies. Figure 3 is a simplified version (for the purposes of simulation) of
the changing land use model in Figure 1. This diagram shows the action of
war accelerating the recycling of minerals and the potential reuse of dis-
ordered lands and materials. These are all components that, when fed back
with an accompanying energy input, are available for and stimulate re-
construction. Evaluation of the rates gives a perspective of those changes
that are important, and computer simulations show the cumulative effects
on South Vietnam's energy budget as well as the costs of reordering.

Calculations and sources of information for the Rates of Flows and the
Storages in Figure 3 are summarized in Appendix 1. War Effort (W) and
United States Aid (A4) are forcing functions generated to depict the escalation,
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and later deescalation of U.S. involvement in Indochina. The initial condi-
tions of the War Effort (W) were set at the conditions of 1950, the approxi-
mate level of conflict prior to U.S. involvement. In 1965 the level increases
reaching a maximum in 1967, then decreases to an estimated level of conflict
equal to that prior to 1965. The equations used in the model are given in
Appendix C.

CONSTANT AID

Max Max -
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S
T
/ _——— 1 -~ e — — —
Ve
Vd ‘\-_._—-—-
[+ .- [}
H L) 1 T T L] L} L3 ) bl ¥ L L) L) L L) T L T L)
1950 1960 870 B8O 1980 2000 1950 1960 870 1980 1830 2000
— W, War Effort —— L, Mangrove Land
-——A  U.S5. Aid —-—— 5, Mangrove Structure
qa. b.
M Max A
1 L2 MAX = 3.3 x107 ocres o L3 MAX = 3.27x107 acres
4 S MAX = |6.1%10'8 kg 4 S3MAX=1.1x10'° kg
R
P————— e e . . — —
0 o
T v L] 1 T ¥ T i L] 1 L) T T T 1 T T T T
1950 1960 1970 198G 1990 2000 1950 1960 1970 1980 1990 2000
—— Lz fForest Land —— L3 Agricultural Land
===5p Forest Structure ——— S5 Agricultural Structure
c. d.
Max Py MAX = 18.0 x108 Max 7
P2 MAX=18.0 10 -
k L4 MAX 23,3207 ocres
S4 MAX=6.8x10" xg
o T U T T T ¥ ¥ T T ) 0 T ) LA T ‘_I—.l T T 1
1950 1960 1970 1980 {990 2000 1950 1960 1970 1980 1990 2000
—— P, Rural Population - L4 City Land
——-P; City Population ——= S4 City Structure
e. f.

Figure 4 Graphs showing results of simulation with constant aid.
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United States aid (A4) is set at zero until 1960, then increases at a rate
consistent with reported U.S. Aid. In the first simulation (Figure 4a to f) aid
was held constant after 1970 at the reported level of aid in 1970. In the second
simulation (Figure 5a to f) aid was increased after 1970 at the same rate to a
maximum in 1985, then terminated. And in the third simulation (Figure
6a to f) aid was decreased steadily after 1970 terminating in 1980.

INCREASING  AID
Max

Max
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Figure 5 Graph showing results of simulation with aid increased.
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Figure 6 Graphs showing results of simulation with aid decreased.

Figures 4, 5, and 6 are computer-generated graphs from the first, second,
and third simulations of the model. The graphs indicate a steady-state system
from 1950 to 1965 (with slight decreases in certain storages, L, S5, L3, S3)
until escalation of the war in 1965, causing decreases in all compartments
of the system except the human settlements.
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The mangrove systems (Figure 45) show the expected disruption antici-
pated by the calculations in Table 1. However, the structure component (S,)
continues to decrease after the pulse disordering of war, due to increased
demand for wood as charcoal. There is no recovery in the simulation in
agreement with the report of NAS site visit personnel that recovery of de-
forested mangrove systems exhibited little regrowth due to the loss of seed
source. Provisions for an artificial seeding program are not included in this
model. In the second simulation the mangrove structure decreases due to
increased demands of the human settlements. In the third there is little change
as foreign aid supplies much of the nation’s fuel requirements.

The forest systems (Figure 4¢) of the country exhibit a slight decrease in
biomass in the first simulation due in part to the increased demands of the
growing populations in the human settlements. Recovery, as expected, does
oceur, but the system does not reach the level of productivity exhibited at the
beginning of the simulation run. In the model the transfer coefficient for the
flow returning to forest land from bare land as a result of U.S. aid is extremely
small, since there are no active reforestation programs underway in Vietnam
to date. Normal recovery by succession is a long process with bare areas
invaded first by grasses and bamboo, retarding the overall recovery to
initial levels of productivity.

The agricultural systems (Figure 4d) show the greatest change due to the
disruption by war, the decreases in the rural population, and the increased
urban demand. In the first simulation, the structure or biomass does not
recover to the initial level after disruption. Increased aid in the second simu-
lation (Figure 54) provides the industrial energy and other resources neces-
sary to increase agricultural production to a level slightly higher than the
initial, by transferring more land back into production, increasing the move-
ment of refugees back to the rural areas, and by increasing fossil-fuel subsidy
to crops (i.e., fuel-intensive fertilizers, irrigation, pesticides, tractors, etc.). In
the third simulation (Figure 64), by cutting off aid production remains lower
than the level obtained in simulation 1, as might be expected; since land
transfers are decreased, the rural populations remain in the cities and in-
creased agriculture production is difficult because of a lack of farmers and a
sufficient fuel subsidy.

Consequences of the population shifts (Figure 4e) are felt throughout the
system and are very important in the overall economic well-being of the
country. In the first simulation the movement of the rural population to
the cities puts additional burdens on the entire system because of a decreased
“producer” population and an increased “consumer” population. Manipu-
lation of this flow during sensitivity analysis caused extreme changes in most
compartments. If the rate of movement to the urban areas was decreased all
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components exhibited faster recovery rates, and the loss of agricultural pro-
duction was not as great. If the rate of movement was increased the opposite
occurred. This “system sensitivity” to the movement of the popuiations
begins to indicate the extent to which the country’s economic stability is
aggravated by the secondary effects of the refugee problem. In the second
simulation (Figure 5¢) movement back to the rural areas is facilitated by an
increased flow of agricultural land back into production. In the third simula-
tion {Figure 6¢) diminishing aid retards the return of the rural population,
although both components increase due to normal population growth.

The human settlements (Figure 4f') show smaller visible changes, but are
interesting in view of the time delay involved in the buildup of city structure
(S,} following the increased urban expansion (L,). By the year 1970, an
increase in city land area is apparent. However, due to shortages of matertals,
energy, and industrial capacity, and pressure from an increased population,
a time lag of 10 years is required before the materials and energies are avail-
able for growth of city structure. Recovery to the initial levels of urban struc-
ture does occur by the year 2000, but this does not meet the demands of the
larger population. Increasing aid in the second simulation (Figure 5f) meets
these demands easily. The increase in city structure in this case begins to show
a runaway growth, possibly an undesirable consequence. In the third simula-
tion (Figure 6f) decreased aid prolongs the time delay and reduces the final
structure value.

OVERALL PERSPECTIVE

Consequences of the war in Vietnam were difficult to evaluate directly. The
immediate effects of the disordering energies have caused an 119 disruption
of the 6-year cumulative natural and industrial energy budget (1965 to 1970)
of the country. The herbicide program accounted for nearly half this disrup-
tion; an interesting consequence, indicating the high-amplifier disordering
value of the relatively low energy cost herbicides. Delays in ending the present
level of conflict may cause delays and reductions in the recovery rate of order
in the country. As long as needed materials and energies are diverted from the
job of reconstruction to that of fighting brush wars with the Viet Cong and
North Vietnamese, reordering of the country may be delayed. Economic
stability in many systems is related to the diversity of normal occupations and
components; and as suggested earlier, continued conflict may result in main-
taining a low diversity and a potentially unstable economical position. The
economy of South Vietnam has been seriously distorted by the burden of
military spending, inflation, physical destruction, and population dislocation.
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These conditions also have distorted South Vietnam’s import/export balance.
In order to curb the magnitude of runaway inflation caused by both the
increased purchasing power of a population that is money subsidized and a
shortage of available goods, the Saigon government has encouraged vast
increases in imports, particularly consumer goods (Table 2).

Table 2 Balance of Trade® (in Millions of U.S. Dollars).

1965 1967 1968 1969 1970

Exports (based on customs data) 25 16 12 12 12
Imports {based on licensing data) 660.4 581.5 628.8 740.1 641.0

2 “Impact of the Vietnam War.” 1971.

The economy can be brought back into balance with preduction more
nearly equaling consumption only if energies are diverted from war and used
as a stimulator (or pump} on reconstruction and reordering. These energies
combined with energies and materials released by disordering could stimu-
late recovery of the disrupted zones of the overall system. As recovery takes
place structure is built to obtain and use additional energies, and a diversity
of structural components is integrated to more effectively “trap” and utilize
(or maximize) these new energies.

On the other hand, with continued conflict the system may be developing
special adaptations to war-stress energies so that they are not so destructive
to the overall processes. Consider, for example, increases in black-market
activities, prostitution, and the abandonment of the village hamlet in favor
of individual families scattered throughout the countryside, supporting them-
selves by subsistence farming. The former two examples are activities that
maximize the use of new energies as a result of the war (war-time goods and
G.I. dollars); the latter is an adaptation for survival, that is, concentrated
villages, when bombed or burned tend to lose more structure per unit of
disordering energy than a dispersed population of individual houses scattered
throughout a countryside.

In the first sections of this paper it was shown that the war resulted in a
measurable disordering of structure and processes by 119 over the 6-year
period of U.S. escalation of war activities; and that disordering energies
amounted to approximately ten times the ordering natural- and fossil-fuel
based energies. To the intuitive mind, figures of this magnitude should have
little effect on the overall processes of the country over long time periods.
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However, when the war stress model was simulated, additional stresses and
sensitivities (loss of food and material sources, and radical changes from
producing to consuming populations as a result of population dislocation)
were revealed that give new insight into the magnitude of disordering and
expected recovery time.

Other models simulated for the country of South Vietnam but not reported
here suggest that if aid is provided there will be a regrowth and in some
instances increased productivity in a relatively short period of time. This
parallels the case of Germany and Japan after the second World War. How-
ever, the reordering and recovery of Germany and Japan under the Marshail
Plan were accomplished with a great expenditure of outside “ordering energy”
during a time of increasing fossil fuel availability and utilization. In addition,
Germany and Japan had extensive industrial-based economies with a wide
diversity of components and occupations and had fought internally sub-
sidized wars that provided the base for new postwar industrialization. South
Vietnam, to the contrary, had little industrialization and was fighting an
“externally subsidized” war. It did not reap the benefits of war energies
adding new industrial structure.

The war-stress-model simulation indicates that the same rapid reordering
experieniced by Germany and Japan may be unrealistic in Vietnam; that
repair and reconstruction to levels of order equal to those before 1965 can be
accomplished only with increasing aid.

U.S. economic assistance to South Vietnam amounted to nearly $3 billion
as of 1970 at a level of approximately $400 million per year. The model
indicates that the overall system of the country has been distorted to such a
degree that reordering aid must increase for the next 15 years to a level of
approximately $500 million or a total of nearly $8 billion if the country is to
recover rapidly. With constant aid at 1970 levels it will take nearly 30 years
to achieve levels of production and structure equal to those of 1970, but even
then they will not meet the demands of a growing population. If aid decreases
(the most likely circumstance in light of increased demand for and expense
of fossil-fuel energies and the surrender of South Vietnam), recovery and
reordering within the next 30 years is most unlikely.

The model presented here is a preliminary attempt to simulate a very
complex problem. Results of its simulation give insight to overall sensitivities
not apparent otherwise, as well as the role of U.S. aid as the stimulator for
regrowth. While the model is dependent on data and relationships that are
not known with precision, general trends can be drawn that indicate the
length of disruption to South Vietnam’s economic system under different aid
conditions. With more complete data and a greater understanding of the war
process and its relationship to order and disorder, this model could be up-
dated and run again.
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One basic assumption in our model was that future patterns of, for example,
distribution of aid between urban and rural areas, would be similar to existing
patterns. This, of course, might change dramatically with changes in the
political structure of South Vietnam. While our model was not specifically
designed to look at such political parameters they could be included in other
runs.

Wars have long been a characteristic of human society and may increase
as competition for increasingly limited resources grows stronger. By at-
tempting to understand wars within a broader, more objective context, by
studying their long-term effects, and by understanding their relationship to
available energies, it might be possible to avoid wars that may be especially
counter-productive to various national interests during periods of decreasing
energies. In past times of abundant energy supplics war was often a stimulator
of domestic economy. However, foreign wars, in particular, require the diver-
sion of large quantities of energy to be successful. Might it not be wise in the
future to give any projected war a dry run on the computer? Would this have
saved us the agony of the unpopular war in Vietnam with its accompanied
destruction of natural and agricultural systems and untold human misery?
Could such a model have told us in 1965 that if we were to help the South
Vietnamese people we would need to supply extensive ordering energies of
aid for many years as well as the disordering energies of military aid? Or,
carried to the extreme, might this concept evolve, like the armies of old who
chose their Davids and Goliaths to save the slaughter of thousands, into a
future state where the wars are fought only on computers? To the simulation
victors go the digital spoils!
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APPENDIX I CALCULATION OF DISORDERED LANDS BY YEAR

Statistics were not available on the categories and extent of land disordered.
In the absence of pertinent data the following assumptions were necessary.

1. Bombing. In the 6 years from 1965 to 1970, 5,556,100 tons of air munitions
and 128,500 tons of sea munitions were expended (Impact of the Vietnam
War, 1971). For the purposes of the model and lack of sufficient data it was
assumed that 75%, of the air munitions alone were capable of producing



414 Disordering and Ordering Energies in South Vietnam

craters equivalent to that of a 500-Ib bomb (30 ft in diameter) with a blow
down (cleared area) of 100 ft in diameter (Pfeiffer, 1971). This is probably an
overestimate of the number of 500-1b bombs dropped. However, when com-
pared with all crater-producing munitions, the calculated cratered area is
conservative at best. From these calculations, 16,668,000 five-hundred-pound
bombs were dropped on South Vietnam in 6 years. This compares to 21
million estimated by Westing and Pfeiffer (1972).

It was assumed that the bombing was spread evenly throughout the
country, since the principal bombing method used was “carpet bombing.”
From the relative amount of the total area of the country in each of the four
major land use categories {city land, 0.06; agricultural land, 17.2%]; forest
land, 58.8%]; mangrove land, 1.6%), the percentages of bombs dropped in
each of these was calculated. The number of crater-producing bombs dropped
in each land use category was then multiplied by the cleared area produced
by one bomb (0.18 acres).

City Land  Agriculture Land Forest Land

Total (cleared (cleared (cleared Mangrove Land
Year Bombs acres) x 102 acres) x 10* acres) x 10*  (acres) x 10*
1965 0.96 % 10° 1.2 29 10.0 0.28
1966 1.5 x 10° 24 4.8 16.5 0.45
1967 28 x 10° 32 8.8 30,0 0.83
1968 4.3 x 10° 47 13.4 46.0 1.26
1969 42 x 108 45 13.0 44.0 1.22
1970 29 x 10° 33 9.1 31.0 0.86

2. Herbicides. In the 6 years from 1965 through 1970 a total of 5,092,228
acres of forest and 1,035,882 acres of cropland have been sprayed, Of the 5.1
million acres of forest sprayed 486,140 acres were mangroves.* The acres of
defoliated land for cach land use category were calculated in the following
manner:

First, agriculture land sprayed was assumed to be 90% defoliated for that
year (assuming that some land might be replanted in that year} and the
following year the land was replanted. Thus only one year’s yield is lost.
Second, forest land area sprayed was assumed to be 209 defoliated based on
statements from Meselson et al. (1970) that “some estimates indicate that
one out of every eight or ten trees is killed by a single spraying and that 50 to
* This area was measured on official Department of Defense herbicide spray-run maps, scale

of 1:1.000,000; vear by vear totals for mangrove land spraved are as follows: 1965, 4700 acres;
1966, 96,330 acres; 1967, 197,600 acres; 1968, 68,666 acres: 1969, 90,155 acres; 1970, 11,609 acres,
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80 percent are killed in areas where more than one spraying has occurred.”
Therefore, a conservative estimate of 209 killed was assumed. Third, 90%, of
mangrove land sprayed was defoliated based on statements by Tschurley
{1969) that mangroves are particularly susceptible to defoliants and that one
application at the normal rate employed in Vietnam is sufficient to kill most
of the trees, and possibly because of loss of seed source there has been little
or no reestablishment of the forest. The following table shows the year-by-
year total land sprayed with herbicides and consequently removed from
production from each of the land-use categories.

Agricultural  Forest Land  Mangrove Land

Total Area  City Land  Land Qut of Out of Out of

Herbicided Affected Production Production Production
Year  (10* acres)  {10? acres) {(10* acres) (10* acres) (10* acres)
1965 222 04 6.5 30 0.42
1966 84.3 1.5 10.2 13.0 9.6
1967 170.8 28 22.1 26.0 19.8
1968 133.1 2.6 6.4 24.0 6.9
1969 128.7 24 6.6 226 9.0
1970 253 0.6 33 42 1.2

3. Rome plowing operation. According to available information, 350,000
acres of forest land were estimated as being cleared from 1968 to 1970 by the
Rome Plow Operation. Westing and Pleiffer (1971 and 1972) have calculated
the area of plowed land at approximately 750,000 acres, They further estimate
that of this “126,000 acres (were) of prime timberlands accessible to lumber
operations, and 2,500 acres of producing rubber trees.” These figures do not
include prime timberland that is not accessible to lumber mills but contri-
butes to the total energy budget of South Vietnam. It was assumed that
350,000 acres of forests and 90,000 acres of agricuitural land were cleared by
the Rome Plow Operation. The land areas cleared each year were assumed
to be equal, because it was assumed the operation proceeded at a constant
annual rate.

Agriculture Land Forest Land

Year (10* acres} (10* acres)
1968 3.00 11.66
1969 3.00 11.66

1970 3.00 11.66
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