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ABSTRA'I

This is a final report of 'a contract bet een the Systems Ecology grcp

of Environmental Engineering Sciences and the National Researcb Council for

davazi !ata models and simulation of herb cide, mangroves, dnd the rclatl..

role of these in the overall energy system of Viet N am at war. W1rk started

with a special conference on mangroves and mv, eis .n June, 1972 f'om which a

work plan evolved for models of recovery of s. ngroves of the Rur, Sat district

.. and a visit b H:T.Odumto Vung Tau. Simul tions of the Runt cat system

showed seriou 14elays in mangrove reforestati n possible from ,eed shortages

* and shortage seed trees due to high levels of wood cutting and extensive

defoliation. Data on seedlings and other par me*ors from Viet Nan were

supplemented with data from south Florida, wh re H. tear conducted a herbicide

spray test on Marco Island. Models of nutrie t balance shoved that loss of

wood and leaves due to spraying remove5 a lar c fraction of available phosphori

but not a large fraction of available nitroge . However, annual river flows in

tha Rung Sat situation bring in enough phosphdrus for regrow-h sc that nutrient

limitations do not sz. m to be limiting refore tcti.".

Under.a subcontract extending thermal at dies done In Florida, moeelling

initiative ofl' the systems ecology group at Sa Diego, California as~oed high

surface mud tempertures and dessicstion pote tial y inhibitory in much of the

deforested mangrove area. Poor survival of p.anted seedlings .in uushaoed m-.d in

Viet Nam suggest possible importmce of these factovs.

Simulations of two sLmplifled modes of et Nan as a whole suggest a pulse

of overall war disr-ption followed b' a stiuu! ted recvry, the energy loss

during a 20-year period being abouL 1A ?(.zsp ctive iron c.pa ring e'ergy flows

dhowed an impact of herbicide as 2% cf r':e ene r y budget -" Ist Nen .n years of

sprayin& a greater effect than the rost of the va-s disruptl'-..

Thus modele and measurements were used to' estima=t i LW.-e factor magnitudes

and times of recovery and to show persp.ctive bf the herbicide spray in the

overall pattern of Viet Nam.
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INlTRODUCTION AND PROJECT NARLATIVE

Systems modelling and energy perspectiveQ evaluations were needed by

the NIational Research Council Ccruittee for the Evaluation of Herbicide

in Viet Nam for se-eral purposes arnd econtract was arranged for the work

to be done for these purpudies:

1. Since modelling and simulation is regarded also as a research

plann4- tool, our contract activity was also directed at cl~arifying

_~-questions-s, scannin. knowledge a Ad -concepts among-specialists -concerned wih- --

,-: ;roves and war models, for the gerneral input to the main committne. Thus,

as contracted, a mangrove modelling conference. was hc14 In June, 1972 from

which a number of special qutstions and needs were -aised concerning planting

of mangrove seedlings furtbc:- testing of the~sensitivity of mangrove communities

*and their roles following herbicide action.. The results of the conference

discuosions, the additional literature search, the field data and the

suggestions derived from plannir~g models were fed back to the various

deliberations of the main committee.

In the work with models a language of tnergy symbols was used. See

Fig. I *These are used to express differential equations. -See also Odum, 1971.

For e~rample, the qualitative model in Fig. 2 was drawn to stum arize committee

discussions. of important factors at a Puerto R~ica meeting..

2. _In the early examination of the questions about herbicide action,_______

a special prnbl za~ identified In the mangrove districts as represented by

the RujSat uth of Saigon(Fig. 3). Here, the ground was remaining almost bare and

Vegetation did hot seem to be coming back very rapidly.. The commdttee arranged

for various measurements to be made to verify the rate r. recovery and test

axious AY201w t r n1= A xuze Y.= Among the possible limitations to
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Figure I

SOME SYtIBOLS USED IN ENERGY cIPuTT DIAGRAMS *

_______________TWO WAY FLOW

STORAGE 
ONE WAYf FLOW

- HEAT SINK

SOURCE,

WORK G.TZE

- SELF-MAINTAINING

TRANSACTOR,

SWITCHING ACTION

BLACK BOX

More details may be shown within each symbol
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regrowth were icroclimate, adequacy of seed source from remaining trees

in the distri t, and adequacy of nutrients for plant growth. These are

.quantitative- uestions for which models may show perspective and simulations

of the models show the ultimate onsequences for various alternative factors.

' " -In the ork o' this contract mangrove models were developed and simulated with

-.,special atten ion to seed source, -utrjents - i- w dc- t l gof -potenti lI

!toe d trees. .ome field measurements were made in Viet Nam and in Florida to

get data for he model. Sections 3, 4, ad 5 concern these objectives.

.- - 3. Init al examination of the extent of herbicide action raised the

question of t e relative importance of contry-wide herbicide actions to the

normal proces es and economy of the whole country and the relative importance

of herbicide 0mg other disruptive aspects of war such as bombs, military

actions, plowing, guerilla activity, displacement of people, etc. If main

relationship could be shown in a systems model, and if the crrect orders .of

•-!tgnitude of energy flow could be assigned to these pathways, then these numbers

would provid quantitative estimates of the relative role of herbicide action

f at the time f .action. If approximate computer simulations were also done

showing the ime of disruption and recovery, these quantitative estimatis

could be ext nded to show the overall cumulative effects. The cumulative

effect could be considered with and without financial stimulation to the enrgy

recovery pro esses. The general effect of-herbicide in defoliating upland

vegetation a d stimulating various recovery growths was to be considered in this

way. Also a model of the whole country's response to war disruption was to be

considered w th an order-disorder-simulation in which the role of herbicide

could be iso ated. Sections 6, 7, and 8 concern these objectives.

II



-4. Measurements were made by project personnel to get some numbers needed

for models, to utilize comparative situations in Florida, and on one trip to

Vung 'au in Viet Na. Measurements were made of a herbicide treated mangrove

experiment on Marco Island arranged by Howard Teas and these results ate given

in Section 9. Other data are included here in Table 1 - 3 on seedlings a.n0

forest floor characteristics. Phosphorus data in waters are given in Section 9.

5. A brief summary of the perspectives developed by the models, simulitions,

and model-based comparative calculations was prepared and worknd over by

pubcommittees and then the general committee with the result given in Section

10. This was intended for the Part A to go to Congress. Unfortunately this was

deleted by ,a second review committee who had never seen tne deLailed Prt B.

i

I
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'gable 1

New Seedlings at Vung Tau in Cleared Plot; Transect lO0m x 2m

W. Drew, 1972

Number
Transect Srecics of Seedlings

1Avicennia sp. 12
Cerfops so - 545
kiizophera sp. '23

*Ohers 29

2 t icennIa sp. 0
jeriops sp. 408

1~iopoasp. 56
____ - - - --- others --------

3 Ayicannia sp. **6

Cerio s sp. 121
Rhizophora sp. 63
Others * 1

4 Avicennia sp. 35
Ceriops sp. 77
Rhizophora sp. 98



Table 2 10

Counts of 0.5 m2 Quadrats in Vung Tau Spray Sites, March 1972
(H. T. Odum, M. Newton, Nepture, Goss, A. Lang, & others)

Raw Data No. of Yell.o. & No. of Black Live Crabs Snails seen No. of Black
Green newly and Brown .- Se,'>l ngs Seen on Grnd. or Crab Mangroves

Fallen Leaves Leaves (In last Upper 6" of 1oles Pneumat-
Otadrat -(Older) Y ,:I Stems Est. 2pho s._

.16 2 0

2 7 - ,'
6 2, 0 0 5 J

13 3 25 1 0:1

-J 5 i 6 . '

6 11 4 0 1 
7 2 3 1 0 2 12

0 31 3 i "2 "

9 4 134 4 27
.. . . ... : .... .. .... . . ... 0 ... . ... .. .... 2 .. .. . - 1 7.. . .... l q2 .: 0 IL..,

11 7 4 0 2 s
12 6 2 0 0 5 2 2
13 3 2i 0 1 0 2 : "
38 14 1 1 333 0

25 7 17 1 3 1 27 31

26 3 2 '1 0 0 36317) 7 27 1 0 2 20
29 9 0 0 3 2

4 13 0 3 '2 28

2 1 22 0 0 2 27;
220 7 1 4 18

23 3 22 2 o o 37
24 2 11 0 I 0 23 t

25 2 13 0 1 7
26 3 28 1 0 0 36
27 4. 20 0 0 0
28 4 16 0 0 1 30
29 2 . I1 0 4 33 0
30 3 32 2 2 5 1 0
31 2 27 1 0 4 17 U

32 1 52 0 0 2 26 3
34 4 22 2 1 3 37 0

36 3 8 2 0 0 2.; 0
37 4 ii 0 0 0 u
33, 4 14, 0 1 4" 35 0
39 5 323 10 .....

41 5 2 1 5 0 4;26,
4i2 2 3? 3 0 2 9,.

S35 1.. 2 0 1 ,"",'
440 1 .] 5 C' 0 31,

I~



TABLE 3

Data on Seedlings Sampled from Rookery Bay on July 13, 1972

Seedling Lengths, centimeters Dry weight of Seedlings, gram:

- 1 . . . . . .--27.6- ...
#2 31.7 12.6

#3 24.4 7.0

#4 21.3 4.8

#5 25.6 7.7

#6 26.1. 11.6

Seedling Counts of Rhizophora Manle Along the Perimeter of Rookery Bay

Ntunber of Seedlings m
- 2  o verhang, feet 2

Yi Yi "  Y, Yi

102 10,404 6 36

74 5,476 7 49

90 8,100 8 64

98 9,604 8 64

80 6,400 7 49

50 2,500 10 100

6 36 10 100

3 9 5 25

52 2,704 2.5 6.25

4 16 8 64
0 0 10 100

0 0 7 49

32 1,024 7 49

14 196 12 144

38 1,444 15 225
12 144 8 64

4 16 9 81

4 16 8 64

8 64 20 400
O _ __- - - 0 -_ __20 __ _ i 00 __ ___ ______

0 0 15 225

0 0 20 400

22 484 12 144'

18 324 20 400

14 .196 y -252.5 y, 3,302
0 0
12 144 Y 10.52 feet 3.2 meters
02 0( y) 2 

= 63,7560 0

12 144 STD DEV = 6.4

34 1,156

783 y=50,6 0 1

y.-26.1 m-2STO DEV - 32.25 m-2
yW6l



Mangrv-Modelling Conference in 0.ainesville, June 1972
and Acknowledgements of Collaboration

The mangrove modelliig workshop conference wae held June 19-21

in Gainesville with travel funds (no honoraria) from the contract.

Several of the participants were paid by their home organizations.

Invitations went to those who were doing mangrove modelling or who were

doing experiments or making measurements of key parameters needed in

modelling such as reproduction, seedling germination, herbicide action,

etc. We tried to draw representatives from each or.-going mangrove research

activity we knew about.

Ftch person attending took a half hour to input various data, results.

ideas, questions bearing on the problems of herbicide and mangrove with

the others participating in vigorous, probing discussion. In some ways

this was like the main com;wItcee discussions except that in this group

focus was on mangroves by people who were mangrove specialists.

Unfortunately, the marvelous reworkin- of ideas and concepts did not

adequately feed back into the main committee as well as hoped because at

the last moment Drs. Lang and Ross had to cancel. However, Teas and

associates were there and Golley sent a representative. William Odum

had been in on the original Meselson AAAS deliberations and was most

-- helpful in integarng the mangrove-::tritions concepts. Gerald Walsh

had potted mangroes under herbicide treatment in Pensacola (Gulf Ereeze)

and had special knowledge of ,umarove plant physiology to draw from. Later

he sent an extensive mangroie bibliography, which he forwerded to the

committee of-ice. Gilberto Cintron of the Puerto Rico state conservation

organization brought much knowledge of mangrove responses to disturbance

and report of some spraying in Puerto Rico, One of the moet active man-

grove research projects is that of the Puerto Rico Nuclear Center in



-------,relation to proposed nuclear plants and this work was discussed by

Seppo Kolehminen (see below). Howard Teas and Joan Browder (later

joining our contract work) from the Miami group discussed their seedling

work and took the lead among the conference group in organizing a proposal

to the main committee for a Florida test experiment-to verify sensitivities

and generate a focus for this group to augment the work of the main

commi ttee.

The conference in effect organized itself in~o a branch activity with

a plan to the committee that would allow them to enlist some of their own

organization's support in a common interest activity. Unfortunately,

we failed to get enough enthusiasm from the main committee to do this as

planned although after some delay in initial spraying was authorized,.

with Dr. Teas (rather that. thc conference group) providing most of the

cost. In Section 9 are reoults of our measurements on the Marco Island

plot which along with the main effort of Teas help established the

sensitivity of American mangroves to "Agent Orange%

Linda Lefler contributed a review of mangrove physiolpgy which

she had done for Dr. Golley. Phil Killer flew in from Alaska and the

discussions oriented him to the needs so that he could organize his work

as our subzontractor for simulation work in San Diego done by James

Ehrleringer. In this work Miller's work 4.1 simulating Florida mangroves

on a Power Corporation project'made his team ready re cunsider the

microc:limate limitations in sophistication on relatively small funds.

W. Zieman attended with W. Odum and has since on his own done mangrove

modelling receiving intellectual stimulus from the conference. It may be

desirable for the tommittee to invite him to contribute whatever results

and insights nay have core from thie. E. Kuenzler of NSF and E. Heald
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could not come and several others of Miami Marive laboratory were not

invited because we did not know they were involved. Armando de la Cruz

at Mississippi State had worked in Philippines and gave us input later.

J. Lincer was in Florida (Cape Haze) but we didn'4 know it then.

Oneof themost pertinent pr0jects-iwas tbeA.akahatchee slough

project of S. Snedeker and A. Lugo of University of Florida on structure

and function of mangroves in South Florida under support of Dept. of

* Interior. Progress report on this (written and oral) was made available

giving critical numbers on biomass and seedlings. Later M. Sell did a

special simulation on hurricane effects on mangroves with Lugo and Snedeker

and this is appended as an appendix since it was partly an outcome of the

conference communication. The surge of destruction by hurricanes is

somewhat like that of herbicide, with great thickets of dead ucod rermaining

and much kill that is not yet explained (broken stems? sedimented

pheumatopbores? stripped leaves?). The difference is that there was a

scattering of Seed trees and there were no peasant wood cutters in south

Florida and the wood has been standing for 10 years gradually decomposing

an new growth comes from surviving trees. Dr. R. Goodrich of the Central

and South Florida Flood Control District, West Palm Beach reported on his

seedling restoration experiments on spol1islands in south Florida. One

of his main points was that seedlings need to be planted iv water depths

and wave energy situations that are the normally suitable ones rather

than general broadcasting of seedlings. Both Teas and Goodrich found low

mortality rates with aerial broadcasting of seedlings. Seedlings need not

be weighted, for they will turn their new rocts earthward in growth and do

not have to be stuck into the mud. The consumption of roots of red man-

groves in South Florida was described. Some regard it as possibly an

adaptive regulator of horizontal extent of mangroves. Questions were
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raised about nitrogen fixation in mangrove muds and Teas proposed work-

by them on this. Both Teas and Goodrich felt that the topogrpphy (or

immediate environment) of the place the seedlings landed was the most

important factor in seedling survival. Mangrove could grow where tnere

• ! - was an accrueing shore line (low energy), and available moiature (elevation),

Contributing to the discussions and plans were many staff and students

of the Environmental Engineering at the University of Florida.

J. Evel aided the work in many ways especially in his ;ians and discussions . .. -

at the first meeting of the herbicide committ" i H le pro-

posed the use of the Holderidge approach to the uplands--later the subject

of Bethel's proposal. Frank Nordlie participated from Zoology. Joan Browder

supplied an 8-page review: "The Role of Birds in -angroves" with 10

references and special reference to Cattle Fqrets and this was forwarded

to F. Colley fo a the animal write-up. Knipling attended from the Department

of.Agriculture providing maps .nd liaison with the work by Weatherspoon.

In the year that followed the conference, varied mangrove studies continued

among those who attended the conference. Gerald Walsh published a note on

herbicide studies on seedllngs. Stimulated by the conference, J. Zleman and

W, E. Odum (University of Virginia) have separately and on other funds developed

some mangrove models to be reported at forthcoming scientific meetings. In the

year that followed the conference, under Department of Intorior funds related

to the Fakahatchee strand in south Florida, S. Snedaker, A. Lugo, L. Burns and

others made' extensive measurements and some further modelling of the Florida

mangrove swamps.

Followlng one of the herbicide conference meetinga, H. T. Q2- :nd P.

Zinke of University of California visited the MaJrco Island herbicide site,

collecting samples that were analysed along with Viet .Nam saraples by Zinke.

'i I.
, I



Included were some samples from the Snedaker-Lugo project sent to him at that

time. In'July of 1973 another Mangrove conference was held tonder auspices of

the Conservation Foundatiun with Department of Interior funds at St. Petersburg

coordinated by S. Snedaker. This conference was riot definately related to the

herbicide work but parts of those at the other corference continued their

research comunication concerned with mangrove health and reforestation.

The following note was received from Puerto Rico participants:

ENVIRONMETAL CHANGES AND RkSEEDING OF A
KILLED MANGROVE AREA IN PUERTO RICO*

by G. Cintron** and S. Kolehmainen

In Puerto Rico there is a mangrove area, a few acres in size, that

was killed by humn activities, probably with a herbicide. This area

is on the north coast of the island in the estuary of Rio Grande River.

The mangroves have been dead over a year, and consequently, similar

factors as in the Rung Sat area in Viet Nam have been affecting the

sediments for an extended period. Therefore, it is felt that this area

n Puerto Rico can be used to study the possible changes in the environ-

ntal conditions of water and sediments that could have happened in

tg Sat. A healthy mangrove area may be used as a control area.

The herbicide sprayed areas of mangroves have been barrel for two

o seven years. During this time the soil and -the sediments have been .- ..

exposed to sunlight, tides and rainfall. This means that the oxidation

rate of organic matter must have increased due to the higher temperature,

lessened input of organlc matter and increased flushing rates of tidal

and runoff water. When the foliage of mangroves were destroyed, the

increase in the light intensity increased greatly. Tfhis, in turn,

probably increased the product ion of benthic algae.

-7i- . ------- -
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ORDER-DISORDER, MANGROVES, HERBICID2, AND WAR

Ecological Modelling for Evaluating Disruptior. and Recovery

Large scale systems of man and natura such as forests, mangrove districts,

agricultural country sides and urban areashave regular-and no-rmal process of

construction, replacement, and reconstruction that tend to maintain ecosystems,

human settlements, trees, soils, leafy matter, houses, streets. ri-'erbeds,

wildlife, social organization, etc. Working against these constructive processes

are the natural tendencies for all structures and information to deteriorate

with time as required by the second law of thermodynamics. In addition there are

irictial m*,u accidental losses that occur as part of cons-r,cLive efforts and

that form special disruptive processes such as earthquakeshurricane, and war.

The action of herbicide is a special disordering action.

To gain perspective on the importance of a disruptive process, one may

estimate the magnitudes of direct and indirect energy involved to find what

percentage its effects have been of the total cnergr budget of the whole system.

One may coare herbicide action in energy measures with that of the whole --- ----

system but with the aid of a model to consider main actions, interdependencies,

feedbacks, self regulatory actions, time:. uz action, and time of recovery of

the system to former stat. Systems methcds rtlate parts to wholes and thus are

helpful for impact studies. Here, we use four systems methods to Zain perspective

on the relative action of herbicide in relation to the war disruotion as a whole

and the role herbicide played in the general process of South Viet Nam as a whole,

1965 and after. The four methods used were the following:

1. Systems were diagrammed to show interactions believed important.-

2. Energy flows were estimated for comparison in diagrams and tables to

evaluate importance of the pathways.

- .-_ ----------

N/
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3. Computer models were simulated to show consequences in time that
disruptions produced in models. The simulations were used to test
whether concepts for the manner of action of disreptions s,:ch as
herbicide produce the patterns observed in thp teal situation.

4. Models were tested to generate foiecasts, determine what future actions

might be considered, and test tire consequences of proposed measures.

Models and simulations were made on two 3cales of size as follows:

1. The Rung Sat mangrove district, the largest mangrove area defoliated,
was studied with emphasis on biomass, productivity, land coverage, and
reproduction of the mangroves. The models included disruption and
recovery, factors of herbicide, seeding, cutting, nutrient, and mud
temperature.

2. An overall view of Viet Nam was modelled to determine the effect of
herbicide on the maintenance of organized structure. Evaluations and
simulations included disruption by war and herbicide, the recovery
feedback stimulation from the disruption, the energies and monies of
order and disorder from nature, from communist sources, and from the
U.S.

Steady States and the Balance of Ordering and Disordering

Any system that sustains continuous life in the long run must develop a

balance of its ordering and disordering processes. Wo visualize Zhese as

circular relationships as in Fig. 4 Such circular systems tend to return to

a balance after disruption. A system in'such a balanced state is said to be

Sin steady state. Surviving 'systems develop an ability to repair and accelerate

restoration and recovery when disrupted by zecycling materials and energy from

its storages combining these with new potential energies to stimulate reccistruction

where new trees accelerate growth-to fill a spot where a tree fell. Fertilizer

nutrients from fallen and disrupted trees are released and recycled by the anials.

micro-organisms, and root actions, stimulating regrowth. Pathways of supply of

energy resource of sun, rain, and geologiccl. substrate are free to be harnessed

again.

... . .. ... .. ...
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Siw.iar processes stimulate recovery on the larger scal.e of whole countries.

Parts and fra, tments of the disordered state stimulate regroth provided there is

available abundint energy scurces or sources of money to-purchase zhe energy resources.

For example,---dtrupted land, di~paced people, -disordered materfais ar. ! released

nutrients tend to stimulate reconstruction activity.

Summarizing the concept of self-malntaining sy3tems we fizd there is a

symbiotic balance between ordering and disordering process i6 the normal system

with cycles of disordered materials back to reuse in new construction. When

there is a surge of disruptio-., there is a surge of stimulation by land, people,.

and mnatrials in symbiotic action that accelerates the reconstruction somewhat

later (if there is an energy source). Any ultimate judgment of the effect of a

process must consider the short term, and long term effects.

Some actions of war are short pulses that have immediate surges to

disorder followed by resurges to the reordering process. Where actions of war

or other disturbances are chronic and continuous, the effect of the disruption

being more continuous causes a more tontinuous drain from the resources so

that a new steady state balance is achieved, one with more disorder on the

Rverage. We can call this a stressed steady state. In some ways the portracted

period of wars in Viet Nam has been a stressed steady state, although there have

been surges within it with intensive periods of herbicide actieos, bombs,

m1-iitary acti-n s, e tc.

Giien in the systems diagram in Fig. 4a is the simple idea of the

constructive actions contributing to structure of man and nature over the

countryside, balancing the destructive actions of nature and man. Notice the

pathway by which increases in disordered areas and components stimulate the

-regrowth. Herbicide is one of the special disruptive stresses (Fig. 4b).

The s;stems diagrams of pathways of action sad storag& are also pictorial

i" __ _
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ways of representing mathematical equations that are another way of indicar i g

... .. .. an ecological model. For example, the equations that go with Fig. 4b are

shown in Fig. 4c to help the readers understand the connection between the

diagrams and mathematical statements. Each mathematical term refers to one

pathway and the several equations together summarize the systems diagram. F r

each pathway, there is coeffient (k) which indicates how much flow there is

in that pathway per unit of driving action coining from upstream storage unit or

*units.

In- computer- Simul3tion, -the- mathematica1--equsttons-are-l-alowed to inter .ct

together and continuously so that the varioulinflows, interactions, stresses,

etc. take place with the complexity shown in the diagrams and as a result,

graphs are plotted that show the rise and fall of various properties of

the system with time for comparison with those observed in the real world

or as a prediction of possible future action.

The systems diagrams show the various kinds of important storages (tank

symbol, Fig. 1) of a system (such as structure, disordered parts) and the

pathway lines show where one flows into anotr4r or where one interaction acts

on another in a stimulatory control action (workgate, Fig. td). Many contro

actions at workgates are amplifying, multiplicative (indicated by pointed

block with multiplier sign X, example, Fig. . The ultimate sources of

actions in the system are the energy sources outside such as the sun's

energy or the source of support to armies or the fuel energies brought

in by tanker (Circles, Fig. lc).

The diagrams may also be used to show relative magnitudes of actions a

storages by writing in the numbers for storage in the tanks or numbers for

flows on the pathways. (See, for example, Section 3, Fig. 3. In that model

data are used to evaluate coefficients of the mathematical equations and

analog and digital computer simulations are given. For others, we use

K .

\
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descriptive energy diagrams to show perspectives on the role of hurbicid4

inmangroves and in the war and Vietnatn as a whole.- Nore details on

symbols and procedures are given in a recent book (Odum, 1971, Environ,2 int

Power, and Society, John Wiley).

Analog Simulation of Order-Disorder Model

Given in Fig. 4d is the resulz of a simulation of the order-disorder mo.el

which-verifies the general stability of the provision for the symbiotic balance

and recycle between order and disordering tendencies. In the first graph the

levels of order and disorder are immediately established, these being somewhat

different from the initial conditions first established. Thus Q, rises to a

level as Q. disorder falls to a lower level.

In the second simulation a disordering stress is applied that pumps order

tato disorder, a relatively easy process since it goes in the direction of the

normal degradation that ultimately accompanies any storage of ordei. 'While thisIdisordering strEss is operating, the levels of order and disorder shift to a new

leveling that is equally stable. Turning up the disordering action pulls order

down so that it is in short supply and the rate of disordering is diminished for

lack of'further struccure to disorder. Disorder becomes so abundant that it

stimulates rapid recycling recovery as long as there is a regular unlimited

energy source to be tapped. Diminishing order beyond its point of scarcity

becomes difficult. With removal of the sperlal stress, the system returns to its

I
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Models of War and Stress

Because we use simplified war models in relating herbicide to uvw~rall

..... ... .energybudget,-we -gixe -here some background onFwar models-.

We have not made an exhaustive review of political modeling or those

witi war, but those earlier efforts many help set our Viet Nam simulations

In perspective.

Through the aid of Cary Murfin we located a simulation of the Viet Nam

conflict by J. S. Milstein and W. C. Mitchell ( 196 and one by John

Voevodsky CL968).

Milsum 0968) buildiAg on Richardson's armamen, model 0960) has the

competition between nations as summarized in our diagramming of their

equations. Since these models fail to put in an enerev

constraint and do not have the environmental interaction, they may net be

very real or pertinent.

.. . -. Odum (1971) has two models of war interaction that include energies

and losses with distance with both offensive and defensive war (Figures 5 and 6).

Saaty (1972) prcpored a model which H. Sell diagrammed and pt on

analog simulation as given in Figures 7 and 8 It has the feature

of each controlling the other's energy input and one pathway of inhibition.

None of these have the environmental impact.

A
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Figure 5 War Models (Odum, 1971)
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Energ diagm represen1g three stages of history sggeed by
thacey of Toytnbee: (a) period of eies powet; (b) period of combnme power,(c

pggmt of eroded power. Dashed lives indicate pathways which are lost

Figure 6 'War MIodels (Odum 1971)
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Milstein and Mitchell tested the models for the stimulation of one

sides warring activity by the other with such parameters as troops killed,

indices of negotiation initiatives, indices of confidence, etc. and

economic support. Good fit was obtained to the intensity of war as it

varied month to month in terms of the interplay of military decisions.

The model did not have an energy constraint and may have succeeded at its

predictions because neither side was really energy limited except through

its own decisions as to what resources- to commit, based on decisions o

the other environmental impact was not involved.

Christine Paddock working in our group last year (unpublished

manuscript) simulated the course of oscillating war and peace in the

primitive tribe based on 4 criteria of decision related to resources,

especially pig crop. The simulation was q-ite like that qualitatively

documented by Rappaport(1971).

Voevodsky (1968) has a model for war as dependent on some exponential

declining storage whose time constant aid initial conditions of resource

ultimately determine the end of the war. This single decay tank is a - I
little like the pigs for the ancestors pig accurLiatIon theory.

I

-12
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Stress Amplifier War Interaction
.. .. . ... . . . .... .... . :.M a uric e S e ll . . . . ..

In addition to the models of war and stress developed by Zucchetto and

Swallows and Brown for this report LO the committee studyirg the effects of herb-

icide on South Vietnam, other models have also appeared in the literature. one

such model was discussed briefly by Sasty(1972) as an example of game theory.

Saaty considers three variables in his discussion':.the United States

supply of vital weapons, Q, 1 the supply of weapons for'North Vietnam, Q 2 ' and

the accumulated marginal superiority of either of the two warring nationsi V.

..... .. . Each--nation-according-to Saaty has a--choice--aa-th-tb,.t fraction devoted to . . ....

depleting the reserves of the enemy. That nation able to accumulate resources

would be the victor.

In Salty's model, the accumulation or loss of U.S. weapons with time depends

on the rate at which weapons are obtained from outside sources, N1 and the rate

of depletion by North Vietnamese furces, k1k2Q2. In equation form this becomes

- N1 - klk2Q2  (I)

N 0k k Q.. 2 2

where k1 is a measure of North Vietnam's effectiveness against the United StatesI
and k 2Q2 repiesents the weapons used by North Vietnam for the purpose of attrition.

A similar equation for the accumulation or loss of weapons by North Vietnam is

" N2  - k3k4Q1  (2)

One of the two nations in conflict may ultimately be more succes ful than

the other and will accumulate marginal superiority according to th' eq

(1 - Ak2 ) 2  - (1 - kQ (3)

where - k2  and I- i4 Are the fractions of North etnamese and U6. forces,

attacking each other.

Saaty then proceeds to determine optimal strategies for each side and

concludes that as the war ends both sides are spending all their resources attacking

each other rather than trying to de~lete the reserves of the other nation. If it

is assumed that the North Vietnamese are less effective than the U.S. in de-

pleting reserves, then Seaty concludes that North Vietnam switches to full cttqck

some time before the end of the war and this equals the reciprocal of the

effectiveness of North Vietnam. In other words the less effective N.rth Vietnam

is with attrition, the faster they switch to full attack.

4
- "-*---------------'-.-.------------- ------.-.------ - ----- - -- -----------------. ~,

'--4 -
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Since Saaty presented no data or curves to support this model, a

simplified model was drawn using the equations developed by Saaty. This model

is shown as Figure 7. In this simulation that follows no data were used so that

the results are entirely qualitative. Also, the model does not include conditions

for switching more reserves to attack or attrition, whichever is needed. Intel-

I gige nce-reports would also have an effect on-the-fraction used -for- attack- and-----

attrition of the enemy.

Figure 8 shows the accumulation of marginal superiority as it varies with
time for the following cond!tions:

1. North Vietnam is at 80% full strength and 50% of this goes to

attrition of U.S. resources with 50% effectiveness.

2. Thi United States is at 50% full strength end 50% of this goes

to attrition of North Vietnam's resources with varying rates of

effectiveness. Supply rates are the same for each nation.

In Curve A the North Vietnamtse are only 10% effective in depleting U.S. resources

and develop very little superiority. Within 5 years the U.S. begins to develop

superiority and continues to increase its superiority. At 25% effectiveness the

U.S. begins to betome st rirr afpt al,",t 9 years and at 30% effertiveness it

takes about 16 years. A curve not shown indicates that if the North Vietnamese

are 50% effective, they naintain superiority. As one side begins to lose the war,

it seems that the rate of Aupply of resources would be increased. This was not

considered here and is indeed a shortcoming of the model. However, this paper was

not intended to fully detail the Vietnam war but only to indicate trends. As

mentioned previously, a vital element missing is the adjustment one or both

conflicting nations would make to keep the other from becoming superior

militarily.
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3. Model of Mangrove Productivity, Herbicide Spraying,
Wood Cutting and Seedling Availability in the Rung

Sat Zone of South Vietnam

Maurice C. Sell, Jr. j

Probably the most important, economically, of all the mangrove species

found in the Rung Sat are those belonging to the genus Rhizophora. The species,

Rhizophora mucronata, is very prevalent in the Rung Sat and has economic value

as charcoal (Van Cuong, 1964). Since this species comprises about 75% of the

mangrovem, the data compiled for the simulations relate exclunively to Rhizoohora

spp. For the purpose of orientatlon a map of the Rung Sat is shown in

Figure 1.

An import.at concept used in simulating the mangrove covmunity of the Rung

Sat was that of being able to omit many of the detailed occurrences in the

mangroves. For example, the process of photosynthesis produces organic matter

used by the mangroves for growth and metabolir, processes. The actual process of

photosynthesis includes many steps or chemical reactions that eventually result

in the production of organic matter. This detail was not needed in this mcdel

since the primary concern of this study nvolved events on a larger scale.

This technique of lumping is probably valid whenever the overall result of some

process is desired rather than the intricate details.

A simplified model of the mangrove forest in the Rung Sat is shown in Figure

2 using the symbols previously de-eribed in Fig. 2, Section 1. This model has

several parameters operating on the mangrove forest as outside forcing functions

(circular symbols). The state variables (tank-shaped symbolg are those variables

whose levels were thought to be important in this model. Each line represents

a pathway that connects state variables with each other or with one or m ,re of

the outside forcing functions.
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The sun is shown as a forcing function that interacts with the amount of

land covered by the mangrove trees. In this model the amount of solar energy

available to the mangroves is taken as 50% of the incoming solar energy. The

flow from the sun-land interaction is going to be called gross photosynthesis.

In reality the value of this pathway probably lies somewhere between the upper

- ---------- - -value of gross photosynthesis and the lower value of net photosynthesis. Since

net photosynthesis carries a different meaning for each individual, let it

suffice to say that the pathway ie . ightly less than gross photosynthesis.

- -This pathway of organic matter flows into mangrove biomass and increases as

more land is covered by mangroves. The organic matter produced through the

sun-land interaction is used by the mangroves for growth and metabolic activities.

Woodcutters are very important in their influence on the mangrove forest. They

are shown cutting wood at a rate proportional tb the 'level of mangrove biomass.

The production of seedlings is shown as a seasonal occurrance. In May of each

year the mature mangrove trees begin to use some of the organic matter to grow

seedlings which continue to grow-until about October when seedlings begin to

fall from the trees. The fall-of seedlings was assumed to occur during a period

of sixty days (Cill and Tomlinson, 1971). The number of seedlings hanging from

=r rove trees was included as a state variable. When these seedlings drop from

the trees, many of them remain beneath the parent tree, but actual numbers were

not available. This should depend on the effectiveness of tidal flushing. Some

of the seedlings are carried by tidal or river currents to other area. These

seedlings are shown as a xtate va- ...labe f edi.i.h.....oe....

of these seedlings may eventually coloniz- an area devoid of mangroves. This

colonization is shown as an interaction between seedlings in the water and bare

land to give land t.hdt is covered by mangroves. In the Republic of Vietnam

extensive spraying with herbicide has brought about vast acreages of bare land.

Sp-aying with herbicide is shown as an outside stress draining land covered by

mangroves to eventually cause bare land resulting from death of the mangroves

.4
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through spraying and removal of the trees by the woodcutters. A pathway has

also been included that represents the planting of mangroves by man if this

is a desired course for Vietnam to follow.

Figure 3 shows the values used for the state variables and path zays

in the model. These numbers represent the total size of the variables or flows

---in the Ring Sat. -The numbers for the -simulations were obtained primarily from

mangrove research studies in Puerto Rico or Florida. Solar radiation data and

land and water areas were obtained for the Rung Sat.

Data Used in Model Calibration

Solar Radiation

Data for solar radiation at Saigon for the period January 1964 through

October 1967 were used to derive a curve that approximates the data. The data

were supplied by the United States Department of Commerce, Weather Bureau.

Values are given in Table I in units of kcal m- 2 day-1 on a monthly averaged

basis. 1sese values are also plotted in Figure 4 where it can be seen that

the curve is approximately sinusoidal. For the simulation a sine wave was used.

Level of Mangrove Biomass

Biompss values were unavailable for the mangrove forests in South Vietnam

so a value was chosen from the literature for mangrove forests of similar stature

-The biomass of-mangroves n-in Puerto- Rico- was measured-1-y Golley -et- -962-)-a

5000 grams per'square meter (1000 grams per square meter is equivalent to 4.5

tons per acre) in leaves and wood. This was used as the initial condition value

for mangrove biomass in the Rung Sat model. Rates of gross photosynthesis and

respiration were also from the Puerto Rico study. Cutting rate was estimated

as 3% of the mangrove trees per year.

7 - -_-----
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TABLE 1

Monthly Solar. Radiation Data for Saigon From January 1964 to October
1967 (Units of kcal m-2 day-i)

Month Solar Radiation (kcal m-2 day-1)

January 3500 j
February -4220

March- 4560

April 4380

may .3680

June -3910

July 3860

August 3690

September 3560

October 3350

November 3160

December 3160
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Seedlings in the trees

In an experiment in Florida Rhizophora mangle seedlings were found to weigh

12.6 grams (dry weight) for a seedling of length 31.7 centimeters. If t!.o.

assumption is made that this seedling is six months old, then the yearly growth

rate is 12.6 gramsr seedling. A density of about 26 seedlings per square

meter was counted in the trees in July 1972. Therefore, growth of seedlings

is at least 327 grams per square meter per year. For this simulation a value

of 660 grams per square meter per year was_ chosen.

* Seedlings in the water

The number of seedlings falling from the trees into the water to be carried

away by the tidal currents waa calculated by estimating the amount of tree over-

hang above the water and determining the total length ofwatervaya in Vietnam.

The overhang was about three meters in Florida and the Rung Sat has about 500

km of waterways in the unsprayed area. The sprayed area also has another 500

km of waterways. Before spraying the number of seedlings that could be in

water would therefore be about 1 X 108 seedlings. Seedling movement vas calcu-

lated on the basis of a period of sixty days duriag which the seedlings fall

from the trees into the water.

R are land and land covered with live man$roves

The total area of the Rung Sat was already given previously as 750 1m2 .

If the woodcutters are assumed to have some influence on the amount of bare

land, then the initial conditions should consider this. Therefore, bare land

Iitially will occupy 50 km2 of the Rung Sit and seeded land the remaining 700 km2 .

The above sections are a brief insight into what procedures were followed

to obtain data for this simulation. As one can plainly see, much of the data

has been only roughly approximated. Hopefully, more reliable field data will

be obtained for th mangroves in the Rung Sat some tim in the future. Initial
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* numerical values for the state variables and process variables are given In

Figure 3 and Table 2.

In addition to describing the methods of getting cne data, ch.iu merijods

* section will also deal with the procedures that need to be followed for a

- -computer simulation,-The utethod used for this simulation involved describing

each pathway by an equation that was a linear or nonlinear function of the

variables and outside forcing functions discussed In an earlier part of this

paper. When these functional relationships have been defined, the rate coef-

ficients can be determined for the pathways. Equationis are also vr.tten showing

the time rate of change of a given state variable based on the inf4 a~ and

outflow for that state variable. Also, for this simulation an analog computer

was used and this meant that each time rate 6i:: change equation th-d Loi be scaled.

Thes procedures will now be discussed.'

rathway equations

Figure -5 is another diagram of the model and is identical to Figure 111-3

exce pt that each pathway has been described by an equation. For exs~ple, the

rate of gross photosynthesis ia givem as being equal to eome rate coefficient,

ktines the land area covered with live mangroves, Q2, times available sunlight,

Q~3- Tn other words gross photosynthesis equals k3Q2 Q3 . iilry one can

determine the equations for, the rest of the pathways.

Calculation of rate coefficiet

Now that the pathway equations are 'known, one can begin to calculate the

rate coefficients or k'a. To determine the value for a rate coefficient set

the equation for a given pathway equal to the numerical value of the rate of flow for

that pathway. Substitute for all the known values and solve for k, the rate

coefficient. As an exauple, let's use the mangrove respiration pathway, k6 Q5 :
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k6Q5 - 2.19 X 19kg year-1 J

k 2.19 X 109 w 0.585 year-1
3.T75 X 1 OY

Calcukltions fcr the rat* coefficients are shown in Table 3. Values for

all of the rate coufficients are given in Table 4.

Differential equation writing

For each state variable of interest a differential equatic can be written.

All this says Is that the time rate of chango of variable i s to all the

Input rote* minus all the output rates for the state variable 4question. Let'ss

look at the level of mangrove biomasa as an example. The rate tf change of

mangrove biomass, dQ5 /dt, is equal to the incoming rate of biomass production,

- kS~~~Q2 J~w'nus th mut ottjough plant respiration, k6 Q5 , hrough woodcutting,

cQ5, and through some amount needed for growth of seedlings, k7 5. In equation

form this becomes

dQ5  -kQJ-kQ 5 -- q(2
- k Q- k Q5  Q

The differential equati~ons for all the state variables are give in Table 5.

Scaling equations for analog computer use

lecause the decision was maie to run the simulation on an aLlog computer,

it was n~cessary to scale all of the differential equattons deciigthe state

variables. Scaling is required because analog computers have bu lt into then

a maximum voltage output constraint. Execeding this value may yield erroneous

results. For scaling, each state variable is Assigned some maximum level that



TABLE 3

CALCULATION OF RATE COEFFICIENTS FOR THF
PATHWAYS THAT OCCUR IN THE MANGROVE MODEL (FIGURE 111-3)

Flow #2 Incooming Flux of Sunlight, k2Q2jR

k 83x 1 12 talM-2 -1
7' 834112kaRt yr

.83 x 101 2
2 .83 x lO"2(700)

k2  1l.43 x10-3Ia-2

Flow #3 - Cross photosynthesis for mangroves, k3QQ 3

k3 Q2 4.38 x 10~ kg yr-

k3 =4.38 x 109

.83 x 1012(700)

k3  w 7.54 x10-6kca1'

Flov #4 - Rate at which woodcutters are cutting wood, 0%

CQ ' .12 x109 kg yr1

S.12 3t109
3.75 x l0w

c 3.06 x 10-2  ~-1

Flow #5 - Respiration of mangroves, k6Q.

9
k .5 2.19 x 10 k r

6 .7519xC10 9

k 6  wa .585 yr-1

Flow #6 - Rate at which biomass is translocated to seedlings, k7Q5

k7Q5 - .491 x 109 kg yr-1

i7 .. 491 x 10 9

3.75 x 10'

k7 - 1.311 x 10-1 yr-l
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Flow #7 - Rate at which seedlings are produced, k8Q5

ksQ 5 - 1.94 x 1010
=1.94 x 1010

3.75 x 109

k8  = 5.17 seedlings kg
"1 yr-1

Flow #8 - Rate at which seedlings go into the water to colonize new areas, k9Q6

k9Q6 M 3.94 x 109 seedlings yr 1

k9. a 3.94 x 109

1.95 x 1010

k... 2.02x 1O-1 yr 1 ..

Flow #9 - Rate at which seedlings remain beneath the parent tree, kl0Q6

A 1006 - 1.93 x 1010 seedlings yr- 1

k 1 1.95 x 1010k l0..95 x 101(y

ki0 - 1.0 yr-l

Flow #10 - Rate at which seedlings are available to actually colonize new areas,

k l l Q6  
/

k l l Q6 - 42 x 106 seedlings yr-
1

. 42 x 106

kll 2.15 x 10 - 3 yr- 1

Flow #11 - Rate of loss of seedlings that are In the water, kl 2 Q4

kl2Q4 - 2.1 x 107 seedlings yr -  
__

k 2  2.1 x 107
12 .2 x 108

k12  = 1.05 yr 1  I
Flow #12 - Rate at which seedlings colonize new areas, k1 3QlQ4

k1 3Q1 Q4  42 x 106 seedlings yT'-1

k 3  
42 x 10613(50)(.2 x 108)
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k1 4.2 x 10-2 yr-1

Flow #13 - Rate of conversion of seeded land to bare land (maximum value), k15Q2 H

kl5Q2H - 365 km2 yr-1

k15 365

(_.l.095 x1006 )(700) -

k 4.8 x 10- liters-1 yr 1

Flow 114 -Rate of conversion of bare land to seeded land, k l6QlQ4
2 1

kl6Q1Q4  25.6 km yr-

k16  *25.6

(50)(.2 x 109)

k16 -2.56 z 10-B seedlings 1 yr- 1

Flow #1.5 -Variable Planting Rate
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TABLE 4

Values Used for Rate Coefficients in
Margrove Model of South Vietnam

Flow Number Coefficient Coefficient Value

2 k2 1.43 x 10- 3 km-2

3 k3  7.54 x 10-6 kg kcal -I

4 c 3.06 x 102 yr"1

5 k6 5.85 x *o- yr-1

6 k7  1.311 x 10-1 yr- 1

7 kp 5.17 seedlings kg- I yr"1

8 k9  2.02 x 10-1 yr "

9. ko 1.0 yr - I

9 1.0
10 kil 2.15 x 10- 3 y-"

11 K12  1.05 yr 1

12 k13 4.2 x 10 - 2 km- 2 yr

13 H sine wave pulse

14 k15 4.8 x 10-7 liters-1

15 k16 2.56 x 10- 8 seedlings-1 yr"1

16 N variable yr - 1

-.--\ ~-
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TABLE 5

Differential Equations that Describe the State
Variables Appearing in the Model (Figure 111-5)

1) Bare Land

-- ------ ~ 1  15 Q2 - 1 6 1 Q4

2) Seeded Land

Q2 A Q1

where A'iv the total land area of the Rung Sat

3) Available Light

JR J k~jRQ2

4) Seedlings in the Water

4 11Q k12Q4 -kl 3QlQ4

5Mangrove Biomass

q5 k3Q2JR - 6Q5 - 7Q5 -cQ 5

6) Seedlings in the trees

~6 k8 Q5 klaQ6 k9Q6
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is not expected-to be exceeded. To illustrate, the initial value for mangrove

biomass was chosen as 4.2 x 106 tons (3.75 x 109 kgs) for the entire Rung Sat and -A

the maximm value was chosen to be twice that amount. Maximum values for the

state variables are given in Table 2.

The following steps are involved in the scaling process:

(1) Write the differential equation that describes the time rate of change

of a state variable. As an example, mangrove biomass wi
1 l bo used.

dQ5 - k3Q2JR - k6Q5 - cQ5 - k7Q5
dt

(2) Divide and multiply each variable on the right side of the equation

by its maximum value. This gives the following result

"Q5  " k3 (750) Q 3.26 x 1012LR R - k6(75 1 Q0

r--109  1027.5 x 10]

- Oy
(3)

(3) -ivide both sides of the equation by the maximum value for the state

variable on the left side of the equation to give - - ..

dQ5/dtF
k(.6x 1 5c [x -k Q57.5 x 109 [-3326 x 1 6 17.5 x 109

• 7  Q5 10 c Q

. 7. x 10 (4)

Equation (4) is the scaled equation that should be used for mangrove biomass.

\I
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All that needs to be done ii- to substitute the rate coefficient values into the

equation. The numerical valus that appear outside t~vi brackets would be the

pot settings for the analog diagram. All of the scaled equations are given In

Table 6.

A diagram of the simlation model as it would appear in the language of

analog computer symbols is hown in Figure 6. These sytabola will not be

explained bere but any book on analog computers adequately explains the meaning

of each symbol. Simulation, were run on an Electronic Associates, Inc. analog

costputer, the TAI 680.

L)

7,
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- TABLE 6

Scaled Equations foz Mangrove Model

1) Bare land

__ _ _~l 0.528 Q, ~ 1~ 5.12 0
1 os I -1..1 x. 10- Q4.... ... ... ,TL73°: ,. I1 i.7.3 1 °io

2) Land covered by mangroves

r Q
Q 2 

1 ;

3) Seedlings in the water

-4 0.824 6- 1.05 Q 31.5 .l 92.10101 j0o8 750 TxlO.

4) Mangrove biomass

45 2.458e Ji 1
7.5 x 109 3.26 x 0121 2 0385 Q 1 - 0.1311

1 .7501 =775x

Q5 7. °i9 - 0.0306 Q5T -x 109 x 109'

5) Seedlings hanging from trees

lrrQ6' r Q6 "

7.65Tx 1010 6 0.5o7. - -. .22"67.5 io ' z0109 7.65 x 101dL J. 17.6-5 x100

6) Available Light

.. 26x 1012 !3.26 x 10 .
3.26 3 1  l

\ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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RESULTS

Several situations were simulated to assess the impact of selected pathways

on the level of mangrove biomass. In most cases a family of curves will be shown

in each figure., This was necessary because of the many approximations made to

obtain data for the simulations. Another reason was the unavailability of data

for the mangroves in the Rung Sat. By generating a family of curves for variables

such as gross photosynthesis, voodcutting and herbicide spraying, the actual

patterns followed by the Rung Sat mangroves may be included.

Steady-state conditions

What would the levels of mangrove biomass be if no spriying occurred and

the woodcutters were cutting at tht rate of 3% of the trees per year? Figure

7 shows the levels of mangrove biomass for several rates of gross photosynthesis.

These rates were 3.5, 7, 14, and 19 grams of organic matter produced per square

meter per day, respectively. To convert these values to pounds per acre, divide

by 0.112. From an initial biomass of 5000 gps per z7 steady state levels were

reached in 8, 6, lo and 12 years from the lowest to the highest rate of gross

photosynthesis.
,

Figures 8a and 8b show the effect of woodcutting on mangrove biomass.

In Figure 8. the rate of gross photosynthesis Is 14 gms per m2 per day. If

no mangroves are cut, the mangroves attain a biomass level of 7200 gas per m

At cutting rates of 32, 30Z, 60%, and 3001 of the trees, the steady state levels

of biomass were 7000, 5000, 4000, and 1500 gS per m2 , respectively.

In Figure 8b the rate of gross photosynthesis was lowered to 7 gms per

z2 per day. In the aboence of c--ting, the mangroves would be able to attain a

biomass of 4000 gms per M2 . Cutting rates of 32, 30%, 60%, and 300%, would give

j angrove biomass levels of 3800, 3000, 2200, and 900 gas per m2, respectively,

at steady state.
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~Herbicide intensity

In Figure 9 five intensities of herbicide spraying are shown occurring

during a five year period. This is roughly the number of years widespread spray-

ing occurred in the Republic of Vietnam (period from 1965 to 1970). The greatest

level of spraying is represented by curve A which shows a maximum level of

__ about 1.1 mi1On Iters-srayed for any one year. For the-full five-year pericd

this curve would give a total amount of herbicide sprayed of 3.5 million liters.

For curve B the peak level was 0.55 million liters and the total was 1.66 million

literb. Curves C, D, and E gave peak levels of 0.28, 0.14, and 0.05 million

liters and total levels of 0.89, 0.45, and 0.16 million liters, respectively.

Effect of herbicide spraying

Figures lOa and 10b show the effect of herbicide spraying on mangrove

land and mangrove biowas*, respectively, when the rate of gross photosynthesis

in only 3.5 gms per m2 per day. In Figure 10a the land that the mangroves

cover is reduced from 750 km2 to 615, 410, 245, 140, or 25 km2 at total herbicide

dosages of 0.16, 0.45, 0.89, 1.66, or 3.5 million liters, respectively. To con-

vert these values to seras multiply km
2 by 247. The times required for the land

to be recolonuized by mangroves would be 45, 65, 90, >100 and>'>1l00 years at

increasing rates of total erbicide dosage.

Figure 10b shows the effect of herbicide on mangrove biomass. At the

five levels of total herb ide dosage of 0.16, 0.45, 0.89, 1.66 and 3.5 million

liters.-mangrove biomass- a reduced to 2100, 1500, 1200, 700 and 200 gus per J

respectively, from an initial steady state b±c'ass level of 2000 gms per m2 . The

mangroves returned to the initial level of biomass in 10, 40, 60, 90, oral0O years

depending on the total herbicide dosage applied during the five-year period. As

spraying increased, so did the time for complete recolonization to initial steady

state levels.

Figures lla and llb show the effect of herbicide on mangrove land and

K _____

4 -;
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mangrve biomass whim the rate of gross photosynthesis was 7 gis per p2 per day. . .

In iigure 11a the land covered with mangroves was reduced to 600, 430, 275,

15j, or 75 km2 at herbicide dosages of 0.16, 0.45, 0.89, 1.66 and 3.5 million

liters. The times required for recolonization of the land were 20, 35, 5U, 60,

and 80 years as spraying increased from lowest to highest rate.

Figure 'lb shows the effect of herbicide on mangrove biomass. From an

initial stotdy state biomass of 3800 gns per m2 the biomass level was reduced-

to 3400,2U00, 1800, 1200 and 500 gms per m2 from the lowcst to the highest

amounts of herbicide'dosage. The mangroves returned to the pre-spraying levels

in 10, 20, 30, 50, or 73 years after spraying at the various levels of herbicide.

Figures 12a and 12b show the effect of herbicide on mangrove land and

mangrove biomass when the rate of gross photosynthesis was 14 pus per m2 per day.

In Figure, 12* the mangrove land area was reduced from 750 km2 to 660, 470,

/ 310, 160, or 80 km2 at herbicide dosages of 0.16, 0.45, 0.89, 1.66 or 3.5 million

liters sprayed over the five-year period. The times required for recolonization

of the sprayed areas were 15, 25, 35, 45, or 60 years for increasing levels of

herbicide.

In Figure .12b mangrove biomass was reduced fiom 7000 gms per m2 to 6600,

5700, 4000, 2500, or 1100 giro per m2 depending on tha level of herbicide applica-

tion. The mangroves returnee to prespraying biomess level in 10, 20, 25, 30, or

40 years at the selected herbicide dosages. _

Figures 13a and 13b show the effect of herbicide spraying and a 30%

cutting rate on the mangrove land area and the mangrove biomass. In Figure 13a

mangrove land area is ceduced to 655, 510, 350, 220, or 55 km2 at the five levels

of herbicide &pplication. The times required for recolonization were 15, 25, 35,

45, or 65 years.

In Figure 13b mangrove biomass is reduced from 5400 gms per m2 to 4800,

4100, 2600, 1300, or 700 gms per m at the five levels of herbicide application.

I.
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A No Spraying
B Total Herbicide Sprayed z 0.1 tI06 liters
C a m 0.4 X10 6  i
D *0.89x 104
E 1:sl66x ICP

900 F ' 3.50 x 10 225400

444

o 300 75,000
-

F

025 .50 7500

TIME, years

Figure 12a
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The times required for the mangroves to return to the prespraying biomass were

15. 25, 35, 50, or 60 years.

Figure 14 shows the effect of seedling availability on the rate of

recolonization when the level of herbicide dosage was 3.5 million liters and

the rate of gross photosynthesis was 14 gins per a2 per day. The time required

for recolonization by the mangroves was 40, 70, or 100 years for seedlings

available all year, 5 or 3 months out of each year. As the availability of

seedlings is decreased, then the time to rep4i a steady state level of mangrove

biomass is increased.

Figures -15a, 15b, 15c show the effect of artificial planting of seedlings

on the recolonizstion by mangroves. Each figure gives two planting rates of

15 to 75 seedlings per acre per year in addition to natural recolonization. In

Figure. 15a the rate ot groas photosynthesis is 7 gms per m2 per day and the

cutting rate is 32 of the trees per year. Under these conditions and no additional

planting by mmnrecolonization occurs in about 80 years. At a successful planting

rate of 15 seedlings per acre the mangroves recolonize in 35 years and in 12 years

at a successful planting rate of 75 seedlings per acre. Success in planting is

102 of the seedlings planted.

In Figure 15b the rate of gross photosynthesis is 14 gos per a2 per day

and cutting i 32 of the trees per year. These conditions and no additional plant-

ing by man result in recolonization by the mangroves in 40 years. At successful

planting rates of 15 and ? ,=edlinge per acre- per year, time for recolonization

were 25 and 12 years.

In Figure 15c the rate of gross photosynthesis is 14 gms per day and the

cutting rate has been increased to 30% of the trees per year. These conditions

and no additional planting by man result ir recolonization by the mangroves in

60 years. At successful planting rates of 15 and 75 seedlings per acre per year

the times for recolonization were 30 and 12 years.

/
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A Seedlings Always Available
B Seedlings Available i 2 ci each yea
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DISCUSSION

An inportunt factor that may influence the size of a mangrove forest is the

availability of nutrients. In Figure 7 the several different rates of photo-

synthesis rapresent cases of different nutrient availability. ,The curves in this

figure demonstrate that in conditions of plentiful nutrients the mangroves are

healthy and form large trees. If nutrients are scarce, then the mnangroves are

low In bioass. This would tend to support observations zhat the largest man-

groves tend to grow along the banks of tidal rivers where the currmnts constantly

bring nutrients to the tres. The biomass values at steady state are relatively

low comparad,to some values that have appeared In the literature. Golley (1968)

reports a .ntetnding crop of 28.'000 gram. per square meter for mangroves in Panama

and Lugo and Snedaker report biomass values ranging from 8700-13,400 grams per

square meter for mangroves In Florida. For Thailand, Banijbatana (1957) reports

yields for mangroves of 10r.000 grams per square meter. Also, the value used in

this simulation was 5000 gras per square meter from the study by Colley V&~ al

(1962) In Puerto Rico.

The low values ma7 have also resulted from ch-%osing a rate of respiratiaa

that was too high. If respiration Is very high, then the rate of net production

will be low. The effect of this is to give the low biomass values shown in Figure

A7. The low biomass values could represent areas of mangroves in the Rung

Sat such as those areas colonized by species of Cerigps a-bush-type-mangrove --

that can colonixe disturbed areas. The higher biomass values would correspond

to mangroves growing along the banks of the tidal channels.

The curves in Figure 9 were siulated to stow the eei. that varying

rates of herbicide application may have on the Rung Sat mangroves. From Figures

10 - 13 this e'fsct can be easily noted. The circles in rtguxe 9

indicate the herbicide levels that actually occure.J durng; *a.. Df the years
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from 1965 to 1970. Curve A in Figure 9 is the closest approximation to the

actual spraying conditions. The total amount of herbicide sprayed or, the mangroves

of the Rung Sat was 3.9 million liters which compares with the 3.5 million liters

of Curve A in Figure 9. For this reason the discussion will be involved with

this rate of herbicide application.

At this high leyel of spraying and a rate of gross photosynthesis of 3.5

gas per m2 per day(Figure 10a) the area of bare land produced was 725 km2.

or 72,500 hectares. Therefore, the amount of spraying was 48.3 liters per hectare

or 5.05 gallons per acre. This corresponds roughly with the stated application

rate of 3 gallons per M.re. Under better nutrient conditions (Figure lla) the

area of bare land produced was 675 km2. The herbicide application rate in this

case was 51.9 liters per hectare. Under possibly nutrient-rich conditions (Figure

12a) the area of bare land produced was 670 km2 for an application rate of 52.3

liters per hectare. Since the application rate is greater than 3 gallons per

acre (28.7 liters per hectare), this probably means that many areas were sprayed

more than once.

Figures 10a, lla and 12a show that the rate of recolonization can depend

quite strongly on the level of nutrients available. If nutrients are a problem

as in Figure 10a, then the mangroves take over 100 years to reach prespraying

land areas. In addition the mangroves that do become established are low in

biomass per m2 (Figure 10b). With no nutrient problem, (Figure 12b) the mangroves

recolonize the sprayed areas in years and reach reasonable level of biomass(Figure

.. .-* .... -4 -- . . ....... .2b ). _ _

Woodcutters were also showin to have an impact on the rate of recovery of

mangroves. The bare land was colonized in 60 years at a cutting rate of 32 (Figure

12a) and in 65 years at a cutting rate of 30% of the trees (Figure 13a). Thus

a tenfold increase in cutting rate delays the recovery only 5 years, but the bio-

mass is lowered by 1600 grs per m2 (7000 gma per m2 in Figure 12b and 5400 gas

- --- --.-----.----- - -" ------- -
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per m2 in Figure 13b). An interesting outcome of these results is that the

resulting mangroves would probably be undesirable for use as charcoal. The

highly prized trees would be continually selected against by the woodcutters and

the poorer valued trees would proliferate.

If the results of these simulations are correct, then both woodcutters and

nutrient availability could act to delay the recovery of the mangroves of the

Rung Sat. The need arises here for data on the level of nutrients in various

sections of the Rung Sat. Also, at what rate are the woodcutters harvesting the

remaining live mangrove trees?

Another variable that could very easily be the most important single factor

limiting the recovery of the mangroves is the availability of seedlings to

colonize the bare areas. Figure 14 shows very positively that if seedlings are

only available two months during each year then recovery rates are extremely

slow. Recently, E. B. Knipling of the University of Florida and others returned

from Vietnam with photographs of the sprayed areas. These photographs support

the hypothesis that lack of seedlings is the primary reason the bare areas are

not being colonized by mangroves. In these photographs the seedling density was

estimated t, be one seedling per 62m2 of land. When one sti!'2q the photographs,

it becomes quite apparent that seedlings are not reaching these areas with any

regularity. Even areas flushed regularly by the tides contain very few seedlings.

Some seedlings are present, however. What is the source for these seedlings?

If beedling'scarcity is the primary reason for the very slow recovery of

mangroves, then one alternative might be to plant seedlings. Figures 15a-c,

show that planting seedlings will speed recovery. If lack of seedlings

_ is the only problem, then a mangrove forest of adequate biomass is possible very

quickly by artificial planting as shown in Figure 15b. If nutrients or wood-

cutters are the limiting factor, then planting will speed up recovery, but the

steady-state biomass levels are low.

Y E--*
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VALIDATION OF SIMULATION RESULTS AND DATA USED

Validation of the data used in the model has been difficult because of the

war in South Vietnam. However, several people on the Committee have made trips

to South Vietnam for onsite investigations. Golley made several counts of the

density of seedlings. He found the seedling density in the'water to be .02

seedlings m-2 in the sprayed area. Golley also counted a density of 46 seedlings

2per m along the banks and levees. Farther away from tidal influence, the seedlings

density was only .03 seedlings m-2. Teas counted the number of seedlings on trees

of Ceriops sp. and found a range of 364 to 586 seedlings per tree. Knipling and

Weatherspoon took many photographs from ground level of the Rung. Sat. From these

photographs the area of land in each photograph was calculated and the number

J of seedlings counted to give only 1 seedling per 62m2. In Puerto Rico the

seedling density ranged from 7-35 seedlings m-2 .

More detailed analysis of maps for the Rung Sat (see Ross's text) have

revealed that the total area, including water, is 1050 km2 of which 23Z is water.

This would give 242 km2 of water area as compared to 250 km2 used for the simu-

lation. The detailed analysis also revealed that only 51Z of the land area was

in mangroves prior to spraying. This gives an area of 535 km2 as compared to

700 km2 used in the simulation. A more detailed analysis also came up with 600
s2 akmas the a.rea sprayed as compared to 525 for the simulation, __ i__

kI
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4. Nutrient Models and Perspective on Mangrove Recovery in Rung Sat

Joan Browder, T. Ahlstrom, and M. Sell

After the trees of the Rung Sat were killed by herbicides, their

leaves and wood were almost entirely removed by wood-cutters, tidal

action, or decomposition, with a loss of nutrient content. Models that

summarize the orders of magnitude of nutrients such as nitrogen and

phosphorus per area of land are useful for providing some perspective

on the fraction of nutrients remaining In muds, roots, and water.

By comparing the stocks present and those removed with the rates of

flow it is possible to gain some idea of the approximate time required

for nutrient restoz..tion. Preliminary models for nitrogen and

phosphorus are given in Fiaure I. Details of the bases for

estimates shown in the energy diagrams are presented in Tables I

and 2. More detailed data are being developed in another subcon-

tract by P. Zinke, and additional diagrams and more precise numbers

for compartments and flow rates can be added when totals are available

from that work.

The models are drawn in energy language with some of the main

driving functions shown but highly simplified. Notice that the

phosphorus model has a higher percentage of total supply in leaves

and wood than does the nitrogen model. There is an apparent stockpile

of nitrogen in the mud. Therefore phosphorus may be the more limiting

of the two nutrients in terms of regrowth.

The estimates of river inflow are very rough approximations,

pending receipt of better data. If h.e magnitude assumed is correct,

the Rung Sat obtains more than enough phosphorus to supply nutrient

needs for regrowth. Even if the order of magnitude were less by a
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factozr of 100 there would still be enough. Because of the river situation,

the models suggest that nutrients are not limiting. However calculations

imply that soil organisms such as algae and bacteria may play an important
role in incorporating nutrients from the river intote h -- thus making

them available to mangrove roots. Exchange of nutrient-rich'water with

the wid is limited by the extremely low rate of water penetration due' to

permanently water-logged conditions (Clarke and Hannon,1967). The ability

of mangrove soils to supply nutrients for the reestablishment of mangrove

vegetation in the Rung Sat may be greatly dependent upon the status of

soil organisms in the period following herbicide application. In Fig. 2

is the model that has some main aspects of coupling of nitrogen and phosphorus.

-

~1
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~P% Wood Wood
b0 4.8 Cutting

Mangroves Lte al
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Fig. 1. Suz~ary of nutrient cycles in mangroves forests of the Rung Sat.
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INTRODUCTION

Between 1962 and 1969 about 5 million acres of forest land and crop

land in Viet Nan were sprayed with herbicides. Agent orange, containing

2, 4-D and12, 4, 5-; and agent white, containing 2, 4-D and picloram,

were applied at-rates of-11.7pounds per acre and 5.6 lbs. pe: atre res -

pectively in multiple applications CGolley, 1971; Tschirley, 1969). In

much of the sprayed 'areas, reastablisL=nit of the original forest has been

negligible (Golley, 1971). One such area, the Rung Sat Delta, south of

Saigon, was chosen to study the possible causes of the lack of coloniza-

tion. The area is thought to hive been last.aprayed in 19-8. Mangroves

which once covered about 80Z of the area have been killed and the re-

maling dead wood harvested for fuel. Aerial photographs taken in 1971

indicate little or no seedling grc-Wt.h in thist area.

Originally the area consisted of a gradient from predominantly red

mangroves (Rhizophora sp.) on the seaward side to. a mixture of red and A

black mangrove (Avicennia sp.) on the inland side.. The seaward side is

indundated daily with salinities ranging from 25 to 35 parts per thou-

sand, while on the inland sidc inundation occurs only during the highest

tides and salinities are :ess, ranging between 15 and 25 ppt. The Saigon

River borders the area to the wa.2t. Mangroves still occur to the north,

interspersed with farmland.

_ Climatic data for the region are scarce, but some data are avail- V
able from Tan-Son-Nhut (Saigon). Rainfall is greatest in September

and lowest in February (Table 1). Temperatures are warmest in May, but

the mean monthly air otemperatur.. vary lea tnan four degrees annually.
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Table 1. Maximum, minimum, and mean monthly air temperatures (*C)
and mean precipitation (=u) for Saigon, Viet Nam (after
Conway (1963) and Cuong (1964)).

mouth Maximum air Minimum air Mean air Prcptioterperature temperature temperatur e ci~tro

Juay32 17 24 6

Pobruary 33 18 25 3

March 36 19 .27 6

Apri1 38 20 28 55

May 38 1s 28 C

June. 35 18 26 205

July 33 18 25 ~ 200

August 32 18 25 184

September 33 17 26 198

Octuber 31 17 26 202

November 31 16 24 64

December 31 15 24 35



Solar radiation remains at about 325-375 langleys day most of tl -year

because of the constant cloudiness. The sunniest moqt'-; February., Krch,

and April are also the driest (Table 2) , with the daily radiatior

total incieasing to 400-450 langleys day 1 .

The reasons why the maugrove vegetation is recovering alowly

or possibly not at all are not yet known. It is however possible t spe-

culate as to what is currently happening. The purpose of this pape is

to bring together existing knowledge of the area in terms of climat logical

geological,, and physiological charateristics in order to attempt t under-

stand thie processes and interaction Liiuenciag Ladevelopwmt !a t,

Sat area. The method we shall use Is digital modeling. Without gi g

an extensive review of the history and validity of digital modeling

digital modeling as a technique in understanding relationships and

interactions within a system, whether it be biological, chemical,

or physical, has demonsLrated Itself in the past to be a useful tool.

X model in only beneiicil Ii helps to clarify our understanding

of relationships within a system. A mo"l is most useful if it utilIzes

relationships and parameters -ihich can be measured. Also the model should

yield insight into the processes of , w system that 1) require furth r

investigazion and 2) are most crucial to the system. This is the ph lo-

sophy used in this modeling exercise. The model !3 based on data V - '

recorded in the literature a7.d from field research on mergroves cart ied

out in south Florida on an A.E.C. contract.

Although the reasons why mangrove vegetation is not recovering r

Is recovering very slowly are not clear, several hypotheses that cou d be

d
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Table 2. Mean monthi' values of tote.. solir radiation for Saigon
froi.~the tet of Cowr.ierce (1966). UL1its are langJ.eys
day-

Month !r.ifl Lanrieeys

Jantu ry 350

'February 422.

March 456

April

May 368

J~e 391

July 386

August 369

September 356

October 335

November 316

Nce--ber 316



tested using digital simulations werd constructed. Ihese hypotheses

areattempts to delineate the physical and biological processes actxng

to constrain the redevelopment of the mangrove forests. The hypotheses

stem from the idea that upon removal of he-vegetation, the-microclimate . . .-

Is changed. The new microclimate will then influence all of the vege-

tation attempting to establish in that area. Four principal hypotheses

were constructed to be tested by the digital simulations. These were:

i) Surface temperacures lethal to propsilc.4 a---' .eadliugs ir b.

produced at certain times of the year.

2) High leaf temperatures may be reached in the exposdd seedling

canopies causing a decrease in net production, and if leaf

temperatures are high enough, an increase in seedling mortality.

3) The substrate surface dries faster than the mangrove ieedlings

can grow ro)ots, and the propagules die of desiccation at cartain

times of the year. -

4) Low immigratioa an" high mortalities result in slow propagule

establishment and reforestation.

Predation by man and herbivorous animals were not considered,

nor was competition betwezn mangroves and cthar species, such as grasses,

because the principal constraint on the mangrove redevelopment was thought

to be due to enviro=ental factors or to physiological respz.nses.

Two modeling approaches were unaertaken: a total ecosystem model

which simulates the aedevelopment of mangroves over a span of several years,

and a detailed physical and physiological respoIzse model (CANOPY) of man-

groveen..-Ircrment interdCtions, which simulates a period of twenty-four hours.

[



Description of each model and a discu3sion of the data base, simulation

results, arnd conclusiors are presented separately in the following section.
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DFSCRIPTION M ,!IE DETAILED PHYSICAL AND PHYSIOLOGICAL

RESPONSE MODEL

CANOPY is a canopy-microclimate-primary production model which

estimates hourly values of net primary production and transpiration by

strata throughout a canopy. CANOPY calculates the microclimate of the

strata .-nd thzn evaluates the effect of the microclimaLe on the vege-

tatiol. The model will be discussed in two parts: 1) a description of

the processes influencing the micrometeorological profiles and 2) a des-

cription of the processes infltiencing leaf temperature and primary pro-

luction.

To best understand how CANOPY works, we will briefly run through one

cyae of the program (Figure 1). This description is given hare in order

to give tA reader an idea of the processes and interactions involved in the

model. Input data necessary for CANOPY include hourly microclimate values,

canopy leaf area distributions, and physiological parameters for the species

being modeled (Tables 3-5). Hourly calculations are then made on the pro-

cesses within the canopy which influence primary production, transpiration,

and energy exchange. Short wave radiation penetration through the canopy

is Wlculated as described by Miller (1969, 1972b). Transpiration, internal

leaf water status, and water uptake rates are then calculated. The profiles

of microizmatic variables are determined by a modification of the model

discussed by Waggoner and Reifanyder (1963). Leaf temperatures are calcu-

leted by an iterative solution of tbs leaf energy budget. Finally, net photo-

synthesis is e6timated. Hourly summaries are printed, after which the model

proceeds to the next houv with the information needed from the previous hour.

A flowchart of CANOPY appears as Figure la.



Begin huurly calculations:

Calculate by strata throughout the canopy.

1. Short wave radiation

2. Transpiration stream variables

*3. Microcliustic profiles

4. Leaf temperatures

5. Not photosynthesis

*6. Bonny* output

YES 24

NO

DAiL summaries

I Figure 1. General, flowchart of thet program CANOPY.
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Table 3 . Kicroclima t input data for CANOPY. All values are for
a point ju t above the top 9 f the canopy. Units for
radiation Ire cal c -2 Kn- , or air temperature degrees 1
C.l u,fo vapor density g m', and wind velocity ca sec"

Februy sunny

Hour Total Diffuse Infrared Air Air Wind
solar solar. from sky teverature vapor den. velocity

10 0 0.60 23.0 19.0 60.

2 0 0 0.60 22.0 19.0 60.

3-- 0 0 0.60 21.0 19.0 60.

4 0 0 0.60 20.0 19.0 60.

5 0 0 0.60 19.0 18.5 60.

6 0.. 0 0.60 20.0 19.0 80.

7 0.10 0.10 0.60 21.0 19.5 100.

8 0.50 0.10 0.60- 24.0 20.0 125.

9 1.00 0.20 0.60 27.0 20.0 150.

10 1.15 0.25 0.60 29.0 20.0 175.

13 1.20 0.30 0.60 31.0 20.0 200.

12 1.30 0.30 0.60 32.0 20.5 225.

3.3 1.20 0.30 0.60 31.5 21.0 250.

14 1.15 0.30 0.60 30.5 20.5 200.

is 1.00 0.25 0.60 30.0 20.0 175.

0.80 0.25 0.60 30.0 20.0 15O.

,17 0.5 0.20 0.60 29.5 20.0 150.

18 0.10 0.10 0.60 29.0 19.5 80.

19 0 0 0.60 28.5 19.5 80.

20 0 0 0.60 28.0 19.5 60.
21 0 0 0.60 27.0 19.0 60.

12 0 0 0.60 26.0 19.0 60.
23 0 O0 0.60 15.0 19.0 60.

24 0 0 0.60 24.0 19.0 60. "I



Table 3. (continued).

Pebruarv average

Hor Total Diffuse Infrared Air Air Wind
solar solar from sky temperature vapor density velocity

1 0 0 0.60 22.0 19.0 60.

2 0 0 0.60 22.0 19:0 60.

3 .0 0 0.60 22.0 19.0 60.

4 0o 0 0.60- 22.0 -19.0, 6i,.-

5. 0 0 0.60. 23.0 19.0 60.

6 0 0 0.60 24.0 19.0 80.

7. 0.10 0.05 0.60 25.0 19.0 100

a 0.40 0.20 0.60 26.0 19.0 125.

9 0.70 -0.30 0.60 27.0 19.0 150.

10 0.80 0.30 0.60 27.0 19.0 175.

* 1 0.90 0.40 0.60 27.0 19.0 200.

14 0.10 0.50 0.60 28.0 19.0 225.

15 0.70 .0.50 0.60 28.0 19.0 200.

14 0.60 0.40 -. 0.60 27.0 19.0, 15. l
15 0.10 0.10 0.60 26.0 19.0 100.

19 0.0 0.4 0.60 26.0 19.0 80o.

207 0,4 0*0302. 9. 0

1 0* 0 0060 24.0 19.0 60.

20 0 0. 0.60 *23.0 19.0 60.

21 0 *0 0.60 22.0 19.0 60.

22 0 0 0.60 22019.0 60.

.40



Table 3. (continued).

&Xy sunny

Sour Total Piffuse Infrared Air Air Wind
solar solar from sky temperaturc vapor den. velocity

10 0 0.60 25.5 24.0 60.
... 2......... .... ... 2--0 0 0.60 25.0 24.0 60

3 0 0 0.60 24.5 24:0 60.
4 0 0 0.60 24.0 24.0 60.

' 0 0 0.60 24. 0 24,0 60. -

6 0.05 0.05 0.60 23.0 24.0 80.

7. 0.35 0.10 0.60 .28.0 24.0 100.

8 0.70 0.20 0.60 31.0 24.0 125.

9 1.10 0.0 0.60 33.0 24.0 150.

10 1.15 0.60 0.60 35.0 24.5 175.

* 11 1.00 . 0.70 0.60 35.0 U4.3 200.

12 0.90 0.70 0.60 35.0 Z4.5 225.

" 13 0.80 0.80 0.60 33.0 24.5 250.

14 0.70 0.70 0.60 32.0 25.0 225.

.5 0.65 0.63 0.60 31.0 0 200.
• 16 0.60 0.60 0.60 30.0 2 5 150.

17 0.50 0.50 0.60 29.5 2 .4 150.

180.40 0.40~ - ,0.60 29. 2005
19 0.10 0.10 0.60 28.5 24.5 80.
20 0 0 0.60 28.0 24.0 60.

21 0 0 0.60 27.5 24.0 60.

22 0 0 0.60 27.0 24.0 60.

23 0 0 0.0 26.5 24.0 60.
- 24 0' 0 0.60 26.0 24.0 60.

//
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Table 3. (contiued).

: Mal average

Hour Total Diffuse Infrared Air Air Wind
solar solar from sky temperature vapor den. velocity

1 0 0 0.60 26.0 24.0 60.

.1 0 0 0.60 26.0 247.0 60.

" 0 0 0.60 26.0 24.0 60..

. 0 0 0.60 26.0 24.0 60.

.. 5 0 0 0.60 26.0 24.C 60.

6 0 0 0.60 26.0 24.0 80.

7 0.20 0.10 0.60 26.0 24.0 100.

8 0.50 0.30 0.60 28.0 24.0 125.

9 0.70 0.40 0.60 29.0 24.0 150.,

10 0.80 0.40 0.,0 30.0 24.0 175.

11 0.70 0.60 0.60 30.0 24.0 200.

12 0.70 0.70 0.60 30.0 24.0 225.

13 0.60 0.60 0.60 30.0 24.0 250.

14. 0.60 0.60 0.60 30.0 24.0 2 25.

- 15 0.50 0.50 0.60 30.0 24.0 200.

16 0.40 0.40 0.60 30.0 24.0 175.

17 0.25 0.25 0.60 " 30.0 24.0 150.

i8 0.15 0.15 0.60 29.0 24.0 100.

i9 0.00 0.10 0.60 28.0 24.0 80.

20 0 0 0.60 27.0 24.0 60.

21 0 0 0.60 27.0 24.0 60.

22 0 0 0.60 27.0 24.0 60.

23 0 0 0.60 27.0 24.0 60.

24 0 0 0.60 26.0 24.0 60.

* - _ ____ ____ ..- ~ .-- ~ - - - .. -
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Table 4. Stiad structure used Ini the CANOPY simulations. The
total LAI is approximately 0.45. Strata I is at the
top of the canopy. The actual data is hypothetical,
but canopies of similar structure are found in man-
groe SWamps.

Strata Leaf Area Index Leaf ansle C

1 ..002 60.

2 .050 54.

3 *.075 48.

I..100 42.

.100 36.

6.075 30.

r7 .050 24.

S .0031.



Table 5. -Physiological input Darameters to CANOPY and values used in
the simulations. All data are for Rhizophora ma e.

ariable Symbol Value Data Source

nimum leaf resistance r 0.04 min cm Mller aria Ehleringer(1972

Uticular leaf resistance r 0.50 ain cm Miller and Ehleringer(1972]cut
hotoeynthesis light 2 -

parameter ap 2.5 cm2 ly(gCO2 )-1 Miller (1972)

.hotosynthesis light 2
parameter bp 0.03 gCO2 ycm Miller (1972)

IbsorptAnce a 0.60 Miller (1972)

eophyli resistance re 0.30 min c n-  Koore, et al. (1972)

t resistance ir 0.2 imn cm-lbar "I  Miller and Ehleringer(1972"

s omatal light parameter D 14. lyrlmin Miller and Ehleringer(1972;

leaf resistance para=etar X 16. Miller and Ehleringer (197,i ~~~-2 z, .7:
saturation leaf density DT 50 Miller (1972)

Photosynthesis System 1

l af temperature v/ 0.0 net
_,photosynthesis T. 10 C Mooreet al. (1972)

leaf temperature v/ 0.0 net
photosynthesis T. 37'C. ooreet a1' (1972)

.optimum leaf temperature T 27 C Moore,et al. (1972)
for photosynthesis - "

Photosynthesis System 2

T10 C Hypothesized

Te 40 C Hypothesized

Tot 30 C Hypothesized

k!
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CANOPY incorporates several digital models which have been or are being

described in the literature. These are: 1) a model to describe solar

radiation penetration into the canopy from Miller (1969, 1972b); 2) a

model to estimate net primary production, leaf temperatures, and physical

processes within a canopy from Miller (1972a) ad Miller and Tieszen (1972),

3) a model to describe water relations within pL,nts from Miller and

Xhleringer (1972), 4) a model to calculate microclimatic profiles from

Waggoner and Reifsnyder (1968), and 5) a model to calculate soil tempera-

tures, soil water content, and the movement of heat and water in saturated

and nonsaturated soils from Wg and iller (1972). No attempt will be made

here to give a complete description of the models as more complete discussions

can be found in each respective paper.

. . . . .. CANOPY is an updating of these models, incorporating equations which

express a more detailed mechanistic understanding of processes affecting

primary production than were discussed in the Miller (1972a) primary production

Model. These additional equations will be discussed later. CANOPY is further

modifled to simulate processes affecting primary production and revejetation

of mangroves-in the Rung Sat Delta, Viet Ream.

- Specific features of CAXOt :.or the Rung Sat simulations include the

* hypothesized effects of herbicides on photosynthesis and the effect of salt

water on the soil water potential and on transpiration.

11. IM cRETEOROLOGICAL PROFILES

""Micrometeorological profiles are calculated by four s.! .dels: WAR,

RAItOD, SOILTO and INFRA. WAR is the submodel to calculate air tempera-

ture and vapor density profiles, modified from Waggoner and Reifaynder (1968).

RADMOD is the Miller (1972b) submodel for calculating short wave radiation
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profiles within the canopy. The submodel for the calculation of values

for soil variables is SOILT and is adapted from N& and Miller (1972).

11T1A is a submodel which calculates infrared radiation profiles.

As microclimatic input data to CANOPY, we need 24 hour values of___

7- total short wave radiation, diffuse short wave radiation, lafrared radiation

from the sky, air temperature, and the vapor density for a point just above

the canopy. Given also the leaf area, lea angle distribution, and the

-declination of the sun for the 24 hour period, the microclimatic profiles

for air temperature, vapor density, and short and long wave radiation.

Utilizing the canopy leaf area distributions, RADMOD calculates profiles of

direct, diffuse, and reflected radiation.

The RAR submodel uses as input the solar radiation profiles, air tempe-

rature and vapor density above the canopy, the soil surface temperature, the

vapor density just abo.ve the soil surface, and the profile of diffusive leaf

resistances. The values for the profile of leaf resistances come from the

transpiration stream calculations portion of CANOPY. Soil temperature and

vapor density just above the soil surface are calculated by SOILT. SOILT

calculates the surface temperat e, soil water content (volume/volume), soil

suction, and soil water potentil a (bars) to a depth where daily fluctuations

no longer occur.

-The 1AR subuodel then proce dS to Iteratively solve for the air tem-

perature and vapor density profiles while leaf temperatures are being cal-

culated. An intermediate infrared radiation submodel NFRA supplies cal-

culated values of infrared radiation from leaves, ground, and sky to the

leaf and air temperature calculations.

-7 -

A -



1.. ... 118 :. ...
118

111. LEAP TEMPERATURES

b Leaf temperature calculations are based on the heat t.musfer equation

for a single leaf (Gates, 1962; Miller, 1967) which states that in an

equilibrium state the energy absorbed by a leaf equals the energy lost.

Moreover the absorbed energy from solar and infrared radiation and con-

vection is lost by reradiation, convection, and transpiration. Thus

&S+c 1R Y L :C + LE ()

where: a in the leaf absorptance to solar radiation; S is the solar ra-

diatiio incident on the leaf; t ia the absorption of the leaf to infra-

red radiation; IR is the infrared radiation frr. the environment incident

on the leaf; IR, is the infrared rerad1ation by the leaf; C La the con-

vectional energy exchange; L is the latent heat cf evaporation; and, I

is the evaporation rate.

Each process by, which energy s lost from the leaf depends on the

leaf temperature. Thus if the leaf temperature i in C,.

IRL eo(Tl + 273.)4 (2)

C c (T -T) • (3)

T pa)(r 1 + r)'l

-- _where:_ . is- the Ste fan Boltz-ann constant; he is the convection coeffi-

clout; 0*,. is the saturation vapor density at leaf tmpeature; pa is

the vapor density of the air; rA is the leaf resistance to water loss;

and, ra is the laminar boundary layer resistance. Once the absorbed ra-

diation is known, leaf temperature and transpiration can be calculateq iy

solving the above equations simultaneously by iteration.
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IV. PRfL{RY PRODUCTION CALCULATIONS

The net photosynthetic rate Is a good index of the rate of primary

production. This being the case, we focus our model of primary production

on determining the rates of ne. photosynthesis at the different strata

within a canopy. The physiological leaf parameters determining the rate

of photosynthesis become quite Important. If a model Is to accurately i

mulate photosynthesis, it must also accurately simulate those parameters

which indirectly determine the rate of photosynthesis.

Net photosynthesis i related to the absorbed solar radiation, atmos-

pheric carbon dioxide content, leaf resistance, boundary layer resistance,

and mesophyll resistance by the equations:

.[ck. a -fC02chl
- " " _____(modified after Gaastra,,196,) (5)-E::....:-+ 1.E .,56r E + rme

(&s) (a aS + b) .onteith, 1965) (6)

where: FN is tba unadjusted net photosynthetic rate;, [C02]a and (CO2 1 chl

are the carbon dioxide concentrations in the air and at the chlorop' rsts; r

la the mesophyll resistance to carbon dioxide transport; and, a and bp are

parameters empirically-derived from the photosynthesis light responee-curve.-

The leaf resistance to vater transfer is modified for carbon dioxide diffusion

by multiplying by the ratio of the diffusion coefficients of carbon dioxide

and water. " .. -"* - " - - ' -

Leaf temperature and herbicide influence net photosynthesis tarough the

equations:

P T ( ( o/Topt TO(7)

L *

_____ _____________________



120

PWf ( - H) (8)

S "bhe-kt (9)

where: PjT is the net photosynthetic rate after the effect of temperature

is included; T. is the leaf temperature at which net phototsymthesis equals

zero; T is the optimum leaf temperature for photosynthesis. There are
apt

two values for T., one on either side of T opt  The one used depends on which

side of the optimm leaf temperature the leaf temperature falls.

P =is the net photosynthetic rate after te effects of the

herbicide have been included; H is the relative effect of the herbicide on

photosynthesis; b relates the herbicide concentration to its effect on the

photosynthetic process- h is the initial herbicide concentration; k is

the decay coefficient for the herbicide; and t is the elapsed time since

herbicide application.

Net photosynthesis is first calculated by equations (5) and (6).

end the smaller of the two values is taken as tLe actual value. This

Sallows photosynthesis to be limited by both light and by carbon dioxide

d.iffusion. The calculated value of net photosynthesis is then corrected

for the effects oZ leaf temperature and herbicides. Temperature and

herbicide effects are assumed to be linear. L~iear interpolation fuc

the temperature effects on photosynthesis yields a fair approximation to the

temperature response data of Moore et al. (1972).

Set photosynthesis for the canopy is calculated as

=z (iPNm) ()MAI) (10)

T .. N H .
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where: 'P T is-the total net photosynthesis; iPNTH is the net photosynthetic

rate at the i-th level; LAIi is the leaf area index at the i-th level; and,

a is the number of levz.s in the canopy.

V, TRANSPIRATION STREAM CALCULATIONS

Water movement out of the leaves is related to the vapor density gra-

dient and to the resistances to water diffusion by the equation as pre-

viously described in equation (4).

Intorcnii leaf water status is dependent on the leaf water deficit.

7his is t e relative saturation deficit (Barrs, 1968) from the fully

turgid state. It is expressed as a percentage and is related to the

transpiration and water uptake rates as

: ' :. .. 4 -':,

D WDt + D I(E- W )dt (n)

vI-re:"WD t and'WDt.1 are the leaf water deficits at time t and time t-l;

D is the saturation leaf density, and W is the water uptake rate. The

saturation leaf density is defined as the fully turgid leaf weight per square

centimeter. -

The leaf water potential is calculated as a second order regression

from the data of'Miller and'Ehleringer (1972). The regression Is

-0.78 O.46W- 0.032- (12)

where is the leaf water potential.

The water uptake rate is calculated using the Chmis Law analogy, where

the potential driving force is the water potential gradient between the leaf.

and the soil. Resistance to water uptake is offered by the roots and the
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soil. The uptako rate is also w)derated by the relative surface areas of the

roots and leaves. T'hus,

V - a(4 - ) (r +rd' (13)

where: a is thu ratio of root to shoot surface areas; is the soil water

potential; and, r r and r 5 are the resistances to water transfer of the roots

* and soil respectively. These resistances are assumed to be constant.

Soil water potential is related to the seawater and is herein assumed to

contain only sodium chloride, so the equation for sail water potential aim-

plifis to,

ta - S* + YSe(14)
/

where O is a conversion factor relating mean soil uction (S) to water

potential; y is a conversion factor relating molarity of sodium chloride

to water potential; and S is the salinity of the seavater.

Leaf resistance to water loss is ralat.d to the solar radiation ab-

soiueA by the leaf and the intear1 water status by tha equaton,

r t -SS +we
r- c (from Miller and Ehleringer, 1972)

where: rt Is the cuticular-'resistance, the resistance with the stomata

completely closed; g and a are constants related to the water deficit at

which the ninlims resistance occurs; z is an exponent related to the steep-

ness of the leaf resistance-water deficit curve at high water deficits; and,

D Is a parameter related to the stomatal openias Vith lisht.

Transpiration stream calculations comence with the calculation of the

-. '

. . . . . . "..*-
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the-leaf -uter deficit, based on the transpiration rate and water uptake

rate of the previous period. Calculation of the laf water potential

follows, afterwhich the leaf resistance can then be c2lculatd. The soil

water potential and uptake rates are calculated after the leaf resistanice.

Transpiration is solved for iteratively as the leaf temperature is being

calculated. Total water loss by the canopy is calculated in a manntr

identical to the calculation of net photosynthesis in equation (10).

VI. CLIMATIC INPUT DAZA

The CANOPY simulations used clizate data for the mc of FebrLtry

and May as input data. These two mouths were chosen as they represent ex-

tremes in climate condit -ins. February is the driest and one of the smunnest

months of the year, whereas May is one of the warmest and cloudiest months

(Tables 1, 2).

If the environment is too harsh for mangrove seedling survival, then

t rough the simulation of the primary production processes on these extreme

months insight into the potential reforestation problems may be gained. 0.r

interest Is in testing conditions which might be straining the system, not

conditions underwhich the system will easily survive. Accordingly, four I
input days were used in CANOPY simulations. These were an average February,

day (450 ly), an extreme sunny February day (600 ly), the average May day

(350 ly., and a sunny May day (500 ly) in which the maxi as monthly temperature

van reached. . . . _

The probabilities of having the sunny February day or having the sunny

May day are not known, because we do not have daily temperature records for the

-j]
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rrat. By cowpariaun though with climate* of other areas we put forth the

possibility that the chances of having these extreme days could be 'betvren

0.25 and 0.10.

RZSLLTS AND DISCUSSION

-~ - Canopy Simulation

A series of simulations ware run using the four climate days previously

described. Additionally. two different photosynthesis temperature response

curve* (Table 2) and three different substrate salinities were simulated.

Tvo different photosynthesis tempe'raturek response curves war sed as the tempera-

ture adaptations of the Viet Ham mangroves tAre not knovn. temperature

response cur"e for the lower optimum temperature has been measured on

Rhisophora matl in south Plorida (Moors, et &L., 1972; Moore, unpublishad data).

The tempeature response curve with the higher optimum teomperature van used emit, may I
be a more reasonable adaptation by mangrrovots to the warmer and more stable

climate of Viet Ism. These results provide a complete matrix for compora-I. tIve purposes to dIfferent locations along the salint gradient of the Rung

Set Delta area.

noe soil characteristics and propertiet, used in the ialantions were

that of a clay soil. Zinke (1972) after visiting the Rung Sar area describes

*oils, bu wuethe physical properties relating to the clay soil were the

=7on"aes lbl ac the time of the simulations, they were the ones used.

In-h-uen simulitions, It vaalso asst~otd that the soil surface'was

sa~turated, but not Inundated. In essence, this is sating that the soil vater 1
potential Is equal to the solute water potential of the incoming tide.

The leaf, rea index f or these simulations was 0.45 which roughly carres-
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ponds to a seedling density of 40 individuals per square meter. This assu.es

that each seedling has four leaves, and that each leaf is approximately 30

,.2 in area (Table 4). This leaf area ij used only for purposes of convenience

in the simulations. In actuality, the appropriate leaf area would be less

than 0.45. The main idea to remember is that in smll sparse canopies, such

as propagule canopies, the principle interactions are between the climite

and the leaf, not between leaves. The use of a canopy with a leaf area in-

dex of 0.45 is small enough that interactions between leaves are still small.

The effect of herbicides In these simulations is assumed to be zero.

This was done partly for stiplification of the model, but mostly because re-

sidual concentrations, if any, and decomposition rates were not known.

The first simulation results are estimates of productivity, transpiration,

and the internal physiological response to the four microclimate days. Com-

paring the February sunny day with the average February day (Figures 2-5), A

It appears that net photosynthesis on average days is three times higher than

on Xunny days (0.232 g O.M.m- 2 day-l vs. 0.706 S O.M. m-2 day- 1 at a sali-

nIty of 12%). From Figure 5 it can be seen that the reason for this drop

in production is that the leaf temperatures on the sunny day are much higher.

Transpiration is much higher on the sunny day as expected, but transpiration

does not drop off as steeply when the salinity is increased on the sunny day

as It does on the shady day. This suggests that on sunny days the role of

solar radiation intensity is more important than that of substrate salinity.

Mangroves on the eunry Februar o day are under more water at e s (Figure 4)

and this in part is reflected in the higher leaf temperatures. Net photo-

synthesis appe.a to be almost constant with increasing salinity on both
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Legend to FIgures 2,3,4,5

0 average Februdary day

sunmny February day

S average May day

A atminy May day

L literature photosyn~thesis temperature response curve

R hypothetical photosynthesis temperatu~re response curve
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February days. There is,however, a slight peak in production at a salinity

cf tvxnty parts per thousand.

A comparison of the sunny May day and the average May day shows

similar trends. The discrepancy in production has increased so that on

the avragp day the net production is five times greater than on the sunny

day (0.098 g O.M. - day vs. 0.542 g O.M. m day at a salinity of 12%.).

The difference is decreased when the hypothetical photosynthesis temperature

response curve is used. By simply shifting the photosynthesis temperature

response curve to the right th-ee degrees C, we have lowered Ole difference

down to a factorof two (0.679 S O.M. m72day "l Vs. 1.065 S0.M. .m- 2 day- 1

at 12 Z.). 0.5 80O.M. Dm- 2 day"! 1 s gained by'shifting the response curve

because leaf teera~ures are to the right of the optimum terqerature and

in a zone when production is senietive to leaf temperature. Tans;iraton

OM thd sunny ayay compares well with trans iration of the sunny Ftbrnry day

MV;.-a 2). Rcjever, transpiration on the average May day Is m=uh lower

th" any of the other days becav.se the leaf temeratures were not abnormally

high and the air vapor density was high, =aning that the vapor density, gra-

dient between leaf and air was low. Mnimum leaf water potentials exhibit

similar trends (Figure 4). The highest minimum leaf water ptential and the

..... lweast transpiration were on the average May dai, bThi ishecause the vapor

de"sit7 gradient is lowest then.

Water stress can exist during either month. It can occur in February,

becaune of the higher radiation lo.ads and the drier air. It can occur

in May because of the potential for high leaf tezparaturaa.

The possibility of high leaf temperatures is interesting for several

reasons. First, high leaf tezperatures place a 'stress on the physiological

t.

S.,
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processes of photosynthesis and transpiration. Secoudly, high leaf tempera-

tures pose a threat when tempo-3tures approach or exceed the lethal limit of

the plant. Just exactly what the lethal limit is we do not know. One would

suspect that the lethal temperature is close to the maximum temperature of

positive net photosynttesis. Once this temperdture is passed the respIration

rate is very high and the breaLdoun of enzyme systems is occurring. Hiller

(1972c) has limited data showing that seedling mortality in Pkizophora mangle from

south Florida starts when the temperature exceeds 36*C.

If high temperatures are not immediately lethal, then there still exists

the poesibilit7 that some physiological functions in the developing propagule

may have been impaired and that death may occur in later development. The

imse tate effects though of high leaf temperatures other than death are water

stress through excessive transpiration and a decrease in the net photosynthe-

tic rata. Following the daily course of leaf resistance, leaf water poten-

tial, leaf temperature, and the photosynthetic rate for each of the four days

will perzit us to observe how close to a stress condition the leaf is. Fi-

gurcs 6-9 show these physiological responses for the four climate days at

a substrate sallnity of thirty parts per thousand. The photosymthesis-tem-

perature response curve used is the one measured by Moore, et al. (1972)

for Rhizophora mangle. Across each graph a dashed line for a leaf tem-

perature equal to thirty-six degrees is drawn. This corresponds to he

potential lethal leaf temperature.

Potential lethal temperatures are reached for four hours on the May sunny

climate and for ons hour in the February sunny climate. No lethal temperatures



Legend to F..ures 6.7,8,9

+ P net photosynthesis mg CO 2 dm
2- hr-.1

A T leaf temperature O

W leaf water potential bar's

o R leaf resistance min cm1
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V
appear to be reached on the average clizate days. Excessive water stress

reflected in stomatal closure hardly occurs on the May sunny day.

The input parameters used may be wndereatisated here, and in reality, water

stress may be more prevelant than t1e model would predict.

The model predicts about a 7-10 bar gradient bet-ween soil and leaf

water potntials. As the soil continues to dry this gradient will increase,

placing the propagule under additional water stress. The frequency of in-

undstion will then play an important role in the mangrove propagule water

relations. As the soil is a clay, inf iltration will be dow and the soil

will achieve a low water potential at vol"etric contents as high as 20%.

Soil Moisture

These points suggest that perhaps the soil may be limiting the revege-

tation rate. It smy be possible that the soil is drying out so fast that

propagules art either rnmbla to establish th elves or that the soil mois-

to" evaporates befora the propaeles can utilize it, because of the ra-

diation load on the soil surface. Si-latioz. were performed to follw

the 'ater content change for the open soil surface for each of the four

days. These simAlations were done usiug three initial soil water cotents

w 30M, 2(M, and 15' Thtse correspond

to -4, -9, and -16 bera soil water potential respeclZ 71. The water ctmtent

.after twevs.Y-four hour period Is noted and a percentsee chngu is calculated

.(Table 6).

The results indicate that the vater conten. drops off quickly from

the saturated state. y the tims the water content reaches 20%, the rate

of water loss has become smll. At a water content of 15%, water lose

during a twenty-four hour period is naelitle. This water content has

a water potential of -16 bars. Additionally, we most &ad to this the

L _________L_

.41



1"39

Table 6. Estimates of the rate at which the coil surface in
drying out under open sky conditions and at different
water contents for the three test days. Water content
ia in volume/volme.

Cimte t Initial water content water content percent chang
at the beginning of the day after 24 hours in one day

February sunny 0.300 0.276 8.0%

0.200 0.199 0.5z
0.150 0.150 0.O0%

May average 0.300 0.274 8.7%
0. 2.00 0. 198 0. 7Z%
0.150 01150 0.0%

NA7 0.300 0.274 8.7%
0.200 0.198 0.7Z

0.150 0.150 0.0%

Litrua=y alvrage 0.300 0.277 7.9
0.200 0.199 0.32:
0.1.50 0.150 0.0%
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solute water potential of the salt from sea water. This total would put

the plant under in high vater stress conditiov., By adding the solute

water potential, the plant may become under stress at water contents be-

tween 302 and 20%. The time to go from saturation down to a water con-

tent of 20Z has not been calculated as it is also dependent on the

drainage patterns.

Soil Temperature

The temperature at the soil surface is also of interest. It will

be hotter in the day thAn if there was a canopy there, and colder at night.

Just how muc hotter during the day may be important. Simulations of the

graund surface temperatures for bare soil and for an iature canopy of LAI

1.5 were ade for the four climate days. The imature canopy is to serve

as a contrast to the bare soil. The bare soil temperature is indicative

of the tsuperaeure of a propaguls lying flat on the surface of the soil.

It is asmzme that the propagule would be at or at least vary close to

the temperature of the bare soil. The bare soil in the simulatioUs is

assumed to be saturated, but with no standing vater.

igure 10-13 show that the surface temperatures can vary by only as

ozch as three detrees bet.ten bare and covered soil. The chances of the

scil approaching a lethal temperature appear to be quite small. The higest

temperature reached is 38.2 eC (1100, May sunny), but temperatures are usually

closer to 3%C. Bare soil surface temperatures appear not to be a deterrzt

to propagula invasion and establishment.

Redevelopmant appears to be iniluenced by the rate of desiccation of

the soil. Channelization and a modificatien of the soil through exposure

m~y be amplifying this effect. rotentla! lethal temperatures and water

-~~ -------------- _ _
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stress conditions in leaves may exist for several hours on a number of days

of the month in February and in :-ray. It Is 410 possi6iAe that these same
stress conditions may be reached in other months of the year, although possibly

to a lesser extent.

The lAck of physiological data from Viet Nam detracts from the re-

liability of the model predictions. Actual estimates of parameters are ex-
pected to be different from those used in the simulations, but by the use of

paramters from members of the same genus, it is thought that the values used

will bo close to the actual ones.

The critiral variable influencing the system appearn to bq the micro-

Climate. The success of reestablishment hinges on the stress placed on the
propagule by the radiation load, the leaf-air vapor density gradient, and

the rat of soil desiccation.
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Aha long term si:... of red mangroves.

Currently in Viet Nam much of what used to be mangrove forests is now

barren as a result of defoliation. Furthermore, reforestation appears to

be impaired in som way. The following mathematical simulation is being

used to determine possible long tarm causes. The two hypotheses being tested

%To: (1) the slow i=m.gration of propagules retards reforestation and (2)

the growth of propagulea and seedlings is arrested as a result of increased

temperature and salinity resulting from the initir.l defoliation. The red

mangrove forest, Rhizohora mangle L.,.of the Run,& Sat Delta was being

modeled. Figure 14 is a simplified flow chart of the m--iel. The description

of the model will follow the order of the 3tate variables in the figure as

numbered with tL, description of the driving variable preceding.

Model Description

Id Macroclimate

Ths driving variables in the mo'del are solar radiation, temperature,

precipitation and salinity. Mean monthly data were used to approximate

man daily valuea by means of a linear interpolation betwetn two adjaccat

monthly means. A standard year is u;ed throughout the simulation (see

Table 7.). Mean monthly temperature and totsl monthly precipitation were

taken from Van Cuo g (1964). Mean monthly total solar radiation was taken

fro sumnarias (Dept. of Coimerce 1968) from the Saigri area. Kean monthly

ambient salinities frm a Florida brackish water mangrove swamp were used
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to approximate the daily values (Eric Heald, 1971). The salinity curve

coincided with the solar radiation curve. Assuming a relationsh-p between

solar radiation and evaporation, the Florida salinities are used as an

apnroximation to the Rung Sat Delta.

Uf. Prupagules

The propagules are initiated through adult dropping and immigration from

peripheral areas (Figure i5). The fruits ripen and fall from Hay to September.

Ninety percent of the fruits produced stay next to the parent tree. Approxi-

mately ten percent of the indigenous propagules are assumed to be invading

new areas. Propagule mortality is a function of varying temperature and

salInity. The mathematical function describing mortality due to temperature

is A linear decrcas& from sixty-seven percent mortality at 36*C to zero

mortality at 30*C:

- (30 - TA) (0.67/5) (1)

where K is mortality due to T the air temperature. The mortality due to

salinity was approximated after Stern and Vaigt (1959) where mrtality

increased from thirteen pceent in sea water to forty-seven percent in tap

water as follows:

where HS is the mortality due to salinity S which is in parts per thousand.

All the dead propagules are transferd directly to detritus.

Living propagule& all germinate and grow leaves, stems, and roots with

a rate or growth as follows:

dGfdt - (Gmax - G) (Salisbury and Ros, 1969) (3)
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where dG/dt is the rate of growth, k is a time constant relating to the

length of time taken to reach GQax which is the optimum biomass of the

leaves, stems, or roots prior to the transfer to seedlings. G is the

current biomass of the leaf, stem or root part in question. As a propagule

only stored energy is used for growth. Optimum leaf, stem and root biomasses

were calculated by taking the caloric values for propagules, leaves, stes,

and roots (4.58, 4.18, 4.34, and 4.03 kcal per gram dry weight after Golley,

1969), converting to kilocalories per gram wet weight using a 0.4 dry to wet

welght conversion factor, then dividtng the propagule energy content by

the veighted plant energy content asstming 0.22, 0.63, and 0.15 for leaf,

stem, and root fractions respectively. -This yields an estimate of propagule

energy content after distribution ac:ording to eeedling wet energy contents:

Is. the propagule will grow to 2.4 times 'Its dorrant bina~ s before needing

oetside ener.v input. After taking 2.4 times the propagule wet weight and

sumbtracting expected respiration losses, we can estimate the leaf, stem,

and root biomasses as 22, 63 and 15 percent respectively of the remainder.

O=a the o-ptitn leaf, sem and root bie asses are attained the propagules

are transfered to the seedling category.

IMI. Seedlings and Adult'

Once a pr opa~ule has attained the seedlinS leaf-stem-root ratio, the

growth scheme given In Fisure 16 is followed. The life pattern in seedlings

Is assumed to be exactly the same as that of an adult therefore the same

flow chart and subroutine are used with different initiating paraeters.

First solar energy enters the canopy and fifty percent is absorbed by the leaf

material. Net photosynthesis is calculated after Gastra (1963) as follows:
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ft.= ([C02] a - [C2]It /(1.56r + r a +..1 (4)

wh~ere Pn is the net photosynthesis for LAI equal to 1.0, [C0 2] a and

(C2 are the carbon dioxide conccntrations of the air and leaves, r is

the leaf resistance to water loss, 1.56 is the ratio of the diffusion

coefficients of carbon dioxide and water vapor, ra is the laminar boundary

layer resistance and r is the me;ophyll resistance to carbon dioxide exchange.

The leaf resistance to water loss is calculated using:

rt- (0.5 - (0.0245) (WD x SA) + (C x WD x SA)1 6)Ml. + (16 x SA))

O(iller and hlringer, 1972) (5)

where WD is the water deficit, SA is solar aboorbed, and C is a constant.

The net photosynthesis is then multipiled times the leaf area index then stem

and root respiration is subtracted. The Gaastra equation takes into account

leaf respiration so only stem and root respirations are subtracted from the

net photosynthesis. Respiration is calculated using the q,0 equation:

R R- Q 0O.l(T - T) (6)

where R and T0 are reference respiration rate and temperature, respectively.

Daily respiration was estimated directly from equation (6) where as daily

net photosynthesis was a linear apprmximatin from the instantaneous solar

nocn rate.

The light entering thz canopy was extinguished exponentially:

SA SAe (7)

where F is the leaf area index, and k4 is the extinction coefficient

which ia calculated as follovs:

k4 - cos (I) (Duncan, et al., 1967) (8)

Aj,
• .. . .. . . . . _i.



154

where I is the leaf inclination from horizontal Dynamic strata were used to

correct for reduced photosynthesis with the extinction of light through the

canopy. It has been noted that the leaf angle used in equation (8) decreases

from the top to the bottom in an adult canopy (Miller, 1972). Miller (1972)

has also measured the leaf areas for various mangrove canopy strata and given

a typical tree distribution for both leaf inclination and leaf area. Given

the typical leaf area and leaf angle distribution for adult trees one can

distribute a total leaf area index accordingly yielding a corresponding

reduction of light for lower levels in the canopy. This process limits

the size of the canopy in the following way. In the model if a stratum has

a negative production, respiration exceeds photosynthesis for the stratum, then

the stratum leaf biomass is reduced accordingly, also the stratum does not

recieve new material for growth. The lover levels are then reduced as the

leaf area Index exceeds the value at which all strata sustain zero to positive

production. This yields an optimum leaf area index and maximum tree size

which maximizes production.

Once daily photosynthesis is calculated it is reduced according to the

teperature function described in the accompanying paper. Zero efficiency

occurs at 25*d with a linear decrease frcm 251C to 15C and 25*C to 35"C

such that at 150C or lower or 354C or highr photosynthesis does not occur.

Assimilation is then the difference between respiration and net photo-

synthesis. If the daily assimilation is negative, leaf material is lost

at a rate of twica the negative assimilatlon cssuming fifty percent

efficiency in the resorption. Fifty percent of the retracted leaf material

goes to maintainence of the plant while fifty percent i. transfered to

detritus. If net photosynthesis ii positive then it is allocated as follows:



F- 2(OF) -c)

where F is the fraction allocated to the I pluift part, OFi Is the optimum
fraction of the I£th plant part and CF is tha cu"rent fraction of plant

material residing in the I plant part. OF val4es for leaves, stems, and

roots are 0.085, 0.610, and 0.310 for adults and 0.22, 0.63, and 0.15 for

aeedlings. j
The seedling to adult transfer occurs at 7.2 gra= of leaf material

per..olant. When this arbitrary leaf biomass is reached the seedling is

then considered an adult, This weight standard corresponds to the weigh-.

9f four mature I es.

IV. Fruit Production -

The fru'- ,roduction scheme was designed from qualitative descriptions

of ?ejd Mangroves on the Rung Sat Delta. Fruiting begins in March with peak

production from May to Jul7 with a sted 7 decrease from July to August.

Fruit production ceases In August. These obnervations vere Incororated in

the model as a dciacontinuouz function &s follows:,

March to May f (D/30) x 0.5 X (10)

M-27touy Pf~t M11

f .IJuy to yuut F f X- D/30!)

where Ff is the fraction of leaf material available for growth allocated to

fruit production, D is the current day of the month and XX is the mainm

fraction of net production allocated to fruit production. From January to
SMdrCh and frcm August to Decem-ber P :is met to zzo. The IC valuews

f

abitrarily a-t to fifty percent of leaf mtril'available for gowh.
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V. Detritus, Nutrients, and Herbicide

All dead material is added to detritus which is undergoing a tidal

exportation of. 87.4 pLrcent (Golley et al. 19C!) and exponential decay:

D - de 1, (13)

where D is the current weight in grams of detritus, d is the initipl weight

in grams of detritus, t is time lapse from initiation in days, and k

-~3
is 6.7 x 10 which is the decay constant associated with fortF-five percent

decomposition in two months (meetints on mangrove ecology, 1.972).

A fraction of decomposed detritus is then allocated to nutrients and

herbicide in solution. Thrty-ft' percent of decomposed detritus is

assumed to be nutrients with 0.05 percent being assumed herbicide if the

plant death is a reault of herbicide introduction. Nutrients and herbicide

in solution then undergo exponential decay as follow3:

*.N - ne (14)

a bs 3t(15)

where N is the current nutrient concentration, n is the initial nutrient

concentration, k2 is the decay conztant relating decay exponen*ially to

time, H is the current herbicide concentration, h is the initial herbicide

concentration, and k3 is the decay constant relating decay exponentially to

time. It is assuamed that 87.4 percent of the nutrients and herbicide In

solution is exported with tidal inundation periodically.

If the herbicide concentration is above l0'lbs per acre or 11.2 x 10~

gr. per hectare defoliation occurs and all the leaf material is transfered

to detritus.(meetings on matgrove ecology, 1972).
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Evaluation of Data Base and EUtimation of Parameters

There .are. few. data available regarding propagula and seedling

grouth. To determine an estimate of the leaf-stem-root fractions for

seedlings two submodels were proposed using (1) the typical adult

leaf-stem-root fraction indicated by Golley eiAl. (1962) and (2) a

linear projection of the Galley data to approximate seedling leaf-gtem-root

fractions. If the plant part biomasses for leaves, stems, and roots are

reduced to fraction of the total biomass and plotted versus the diameter

at breast height clear trends are indicated for leaves and roots. Projecting

these trends to zero diameter at breast height yields- 0.22 4nd 0.15 for leaf

and root fractions. This procedure was dons by hand and the leaf and root

fraction appear to be a curvilinear function of dimeter at breast height

so the indicated values are crude estimates. With 0.22 for the leaf

fraction and 0.15 for the root fraction we have 0.63 for the stem fraction.

Subuodel (1) resulted in a quick elimination of seedlings under a leaf area

index of 1.0 and 3.0, and zero maturation to the adult catagories undur a

leaf area Index of zero. Subwdel (2) indicated four year survival under

a leaf area index of 1.0 and maturation to the adult catagoty in, three yearn

under a leaf area index of zero.

In determining the root fractiona an aspror=iat~on was used correcting

the Puerto Rican data (Galley .. a,, 1962) for sub-urface- roots.- Snedacker

and Lugo (1972) indicated subsurface roota as thirty-six percent of the

prop-root-subsurface root subtotal. All of the prop-root bionauses

Indicated by Colley wore then divided by 0.63 to Include an eztimate of the

addition due to subsurface roots.

Correctina the leaf-stan-root fractions indicated by Gollcy l al. (1962)

at 2.8 cm, diameter at breast height ve have adult fractions of 0.085, 0.610,

A --.. ___ -~- -~- ---- --- .- ~ -.
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and 0.305 for leaves, stems, and roots respectively. These values were used

to characterize the typical adult plant in the modal.

Two fruiting submxJels were proposed: (1) a Irzction of the assimilation

allocated to leaf pruduction was used for fruit prcuction, and (2) a

fraction of the total assimilation was used for fruit production. With submodel

(2) fruits averaged tean percent at maturation of the total adult biomass.

Sub=odel (1) indicated fruits between 1.5 and 3.1 percent at maturation of the

total adult biomass. Snedacker and Lugo (1972) found between 0.0 and 4.1

percent residing fruits in their studies of red mangroves.

To determine seedling density for estimating the leaf biomns per plant

the above .ound dry weight at the end of five months growth was divided by

1.77 grams which- is the above ground'dry weight of five month old seedlings

as indicated by Stern and-Voight t1959). With an immigration of 3.0 grams of

Oropagule a year this yields a first year density of 1.1 seedlings per meter

squared. Typical assimilation data for this density are given in Table 8.

Results

The effects due to temporature are demonstrated in Figure 17. Three

t enty year simulations vere mada with (1) normal temperaturea, (2) half

degree above normal temperatures and (3) a full'deSree above no -sl temer-

ature. Simulation C2) and (3) shed aihte= aud. forty-edghz percent-

decreases in biomass below the biomass of simulation (1).

The effects due to salinity were leas dratic. Three twenty year

simulations were made using (1) the nornmal salinities for brackish water,

(2) one part per thousand abova normal salinities for brakiish water and (3)

two parts per thousand above normal salinities for brackish water. There was

less than one percrnt variation in total binaas between the three simulations.



Table 8. Net photosynthesis, total respiration and plant aasizila;ion in grams
organic matter per meter equarH per day are given fcr various growth
4tages wlth no overhead lighc it-tictiou for seedlings of denaizy 1.L
and-adults of variable dens tit.

Younhs After Leaf

Doefoliation Biomasq Photoaynthesis Respiration Aimiialo-i

5'Mouths 1.2 0.021 0. W4

il motbs 36 0.066 4012 a054

29 monthm 10.3 0.187 0.034 152

Yeaa After
Defoliation

5 yeara 19.1 0.334 0.104 0.230

7 years 39.6 0.675 0.315 0.359

9 years 51.3 0.856 0.554 0.301

1n years 78.8 1.220 a790 0.430
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Variations of reforestatiorn due to varying imigration are shown

In Figure IS. Three twenty year simulations were made using immigration

rates of (1) 1.0 graus, (2) 2.0 grams and (3) 3.0 grams of propagule per

meter &4uared per year. Simulations (1) and (2) showed twelve and. nine

percent decreaseq in biomass below the biomass of simulation (3).

Conclusion

The effects due to increased salinity appezr to be relatively small.

The effects of temperature play a major role in reforestation. The barren

nature of the Rung Sat Delta due to defollation and wood gathering has

increased the likelihood of temperatures inhibitory to plant growth.

Inhibitory temperatures and slow immigration are the major sources of

inhibition in the model and in combination probably play the major role in

reforestation problems on the Rung Sat Delta.

The most critical deficiency is the lack of data on the growth habits

of propagules and seedlings. The natura of initial rooting and the role of

solar radiation In activating propagules on the mud are unknown. Data are

avallable on five month ole seedlings and adults of unknown ages. There are

data concerning adult photosynthesis, respiration, canopy structure

and root structure but no intermediate points for seedlings and younger

adults which would serve to impr.-z and validate the model.
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6. Ordering and Disordering in South Vietnam

b7 Energy Calculation

Mark Brown

Studies stimulated by a contract bet-veen the Natioznl hcademy of Sciences

and the Department of Environmental Engineering Sciences, University of

Florida, Gainesville, for "Models of Herbicide and War in Vietnam".

N
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Central to underitanding the relationship of countries and their balance

of Man and Environnmnts are the flows of energy that maintain order, the

disorder created in the normal cycle maintaining order, and the effects of

war. This paper considers ordecr and disorder relationships in South Vietnam

as a result of the War from 1960 to 1972. An investigation of effects of

herbicides was undertaken, as a series of projects, by the National Academy

of Sciences. This paper is an outgrowth of concepts developed while formu-

lating a model of main energy flows in Vietnam.

The investigatior of the ecological and physiological effects of the

defoliation and crop destruction programs in South Vietnam included an

evaluation of the herbicide agents and their relationship to other means of

disordering and the combined effects of disordering activity on the natural

ecological and man-made technological systems of the country. While it is

apparent that the goals of the defoliation programs were to reduce the rTuid

cover and limit the ability of the North Vietnam and Viet Cong military ,truc-

ture to use the structure GE the natural environ~ment to their advantage, these

goals have left the country of South Vietnam with problemsn. Large amounts

of Souch Vietnamese lands were altered and moved from one form of land use

to others, resulting in measurable changes to the processes of the country.

Understanding the immediate effects of such a program and the long range effects

and interactions may require an overview that also takes into account time

delays, feedback operations, and secondary interactions. One technique for

overviewing is a drawing of a systems diagram.
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A Model of Vietnam

Figure 1 is a diagram of the country of South Vietnam at war. It shows

the compartmerPs and flows of energy and materials throughout the country.

The circles to the left represent forcing functions or the'Ordering Energies

available to South Vietnam. S is all incoming goods, both United States

aid and imported goods from the World Market. S7 is all money sent to South

Vietnam in the form of aid; and S6 is all the natural energies (sun, tides,

wind, rain, etc.) available to the country. The circles to the right repre-

sent the Disordering Energies that are forcing functions for the country at

war. S, is all the energies available to the Viet Cong and North Vietnamese

military structure to make war. $3,S4,S5' are the three major disordering

energies of the U.S. and South Vietnam military structure.

The land categories (city, agriculture, forest and mangrove) are each

separated iato their respective components (or storages). The city aystem

has within it land, people, goods, and a storage of money. The natural sys-

tems have two ccoponents each: land and structure. The land storage and

th2 forcing function interact to produce structure.

The components to the right of the natural systems, those of craters,

base land, bare land, and dead wood, are components that are storing the

disordered land and structure as it is transferred from one land use category

to another by the impact of the disordering energies.

In Fig. 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 Indochina War. (Calculations and sources for the calculations are sum-

marized in Appendix A.) Evaluation of the flov3 of disordering energies g:Lves

perspective to their effects on the many processes of the country. Consider

the quantities of land and structure removed from each of the land use cate-

j
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gores by bombs and herbicides; in all cases herbicides account for the

greatest disordering, an effect that reverses through the course of tbe six

year period from 1965 to 1970.

Another method of understanding the effects that the disordering energies

have had on the processes of the country is to calculate the disrupted por-

tions of the energy budget of South Vietnam. The overall effects on the

energy budget are summarized in Table 1. Column 1 in Table 1 shows the average

energy budget (ordering energies) per year for the six year period, 1965-1970.

column two shows the cumulative budget for all six 7ears. Columns three, four,

and five show the total amounts of Disordered Energy due to each of the dis-

ordering operations ef Bombing, Herbicides, and Rome Plowing as best they can

be calculated. Column six shows the percentage of the energy budget

that was disrupted for each of the various subsystems of the country.

During the six year period of major United States involvement in the Indo-

china War (1965-1970), 3.1% of the total energy budget of South Vietnam was

disrupted. If comparisons can be drawn between the man-made world as various

system s and the natural ecological systems of the biosphere, then a disruption

of this magnitude, by itself, will probably have little effect on the overall

rrocesses of the country.
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1. The sum of purchased goods, foreign aid, and fuel. Purchased goods and

foreign aid were 2.6 X 108 $ and 5.1 X 10
8 respectively multiplied by 1.4 X 10

4

kcal/dollar to convert to equivalent fcssil fuel energies required to generate

the same %*rk, (10.7 X 1012 kcal). Add to this, fuel (8.66 X 105 metric tons)

(i06 grams/ton)(10 kcal/gram) - 8.66 X 1012. 10.7 X 1012 + 8.66 X 1012 -

1.4 X 1012 kcal.

2. The chemical potential energy entering the system as agriculture pro-

duction was estimated by multiplying the land area in agriculture (7.31 X 106

acres) by the estimated gross photosynthesis (1.6 X 105 kcal/acre/day) and then

by 100 days.

3. The chemical potential energy entering the system as gross photosynthesis

of inland forests was estimated by multiplying the land area (1.9 X 107 acres)

by the estimated gross photosynthesis (1.6 X 105 kcal/acre/day) and then by

365 days.

4. The chemical potential energy entering the system as gross photosynthesis

of mangrove systems was estimated by multiplying the area (.69 X 106 acres) by

the estimated gross photosynthesis (2.4 X 105 kcal/acre/day) and then by 365 days.

5. The chemical potential energy entering the system as gross photosynthesis

of estuarine systems was estimated by multiplying the area (1.0 X 106 acres) by

the estimated gross photosynthesis (8.0 X 104 kcal/m 2/day) and then by 365 days.

6. The sum of the natural potential energies of: Rivers (644 X 1012 kcal/

yr). Tides (152 X 1012 kca-l/yr), Rain as Runoff (1I9 X 1012 kcal/yr). -See Odum, -

"Effects of Herbicides on Ecosystems."

7. Cumulative ennrgy budget was calculated as the maximum possible, assuming

there was no disordered land. It was ctIculated by multiplying the average

energy budget times the time span (6 years).

8. Disordered energy by bombs was calculated by multiplying the land area

disordered each year from 1965 to 1970 by the estimated gross production, and
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then by the nunber of years remaining in the six year period. (See Appendix

B for year by yeai breakdown.)

9. Disordered energy by herbicides was calculated by multiplying the land

area disordero-d each yeair from 1965 to 1970 by the estimated gross productivn

and then by the number of years remaining in the six year period, except

agriculture sprayed assumed only one year loss. (See Appendix B for year by

year breakdown).

10. Disordered energy by Rome plowing was calculated by multiplyiig the

land area disordered each year from 1965 to 1970 by the estimated greou pro-

duction and then by the number of years remaining in the six yeat period, except

agriculture plowed assumed only one year loss. (See Appendix B for year by

year breakdown).
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Order and Disorder in Vietnam

It is well known that many ecological systems are stress adapted and to

a certain extent even depend on some form of stress to speed up processes

and recycle nutrients. Just as the fire-climax forests and prairies are

stresa adapted, and depend on pulses of brush fire to recycle nutrients; the

country of South Vietnam could possibly be considered a stress adapted system.

Conflict, and large-scale warfare have been the rule rather than the exception

since the Geneva Agreements of 1954 and even before with a long and bitter con-

flict between the Communist led Vietminh and the French armed forces. Frequent

stress, such as grassland, grazing, rather than a pulse stress results in

greater overall production by reducing diversity and releasing disordered

materials for reconstruction and repair. Could the same apply to a 30-year war

and the country of South Vietnam?

The six year involvement of the United States in the Indochina War resulted

in an escalation of disordering energies which could represent an additional

pulse stress of 3.1%. Far more important than the magnitude of this overall

stress are the percentages of the energy budgets that were disrupted from each

of the subsystems of South Vietnam. Column 6 in Table 1 lists the percentages

of each subsystem disordered. A comparison of these indicates that while the

country had a 6 year pulse stress of 3.1%, individual stresses account for major

effects, and due to secondary interactions may magnify this overall stress.

- The mangrove systems were stressed nearly 41%; a •stress that would reduce -

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 s;stems 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 effect the human settlements by a loss of
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food source.

The forest systems of the country were disordered nearly 8%; a stress that

will probably have little effect on the individual sysrem, but if time delays

and secondary interactions are taken into account, then those systems depending

on the forest systems as an auxiliary energy source (the human settlements)

will feel the stress far more than the initial system.

Vxz human settlements of South Vietnam had 13% of their energy budget

disordered during the six year period (1965-1970). Add to this the effects

of increased population due to relocation of refugees, reduced agriculture

production (5.2%), reduced estuarine production, and reduced forest production,

end again the direct stress is magnified requiring many years to recover.

Another way of showing these same effects for the purposes of comparison

to other flows of energy throughout the country is the systems diagram. Figure

2 is an energy diagram of the gross energy budget for the country of South Viet-

nam showing all the main energy flows, constructive and destructive, those of

nature, and those of the cities. Energy of low quality such as sunlight is

expressed in the chemical potential energy after transformation by photosynthesis.

The flows of high quality energy such as the urban technological economy are

expressed in equivalent fossil fuel energy required to generate the same work.

When many of the details of small component flows of energy through the

cotmtry, such as in Figure 1, are eliminated by retreating to a more macro-scale

view, certain patterns, or consequences of the war become more obvious, and

comparisons can be drawn. For instance, the ratio of the destructive energies

of war (disordering energies) to Lhe constructive energies of nature, and the

cities is approximately 1 to 17, or the disorder to order ratio is 6.0%.

Ewel (1971) described five tropical environments disrupted with a disorder

tc order ratio of 5.8% showing initial decreases in primary production, but

long run rejuvenation. Richey (1970) tested a disorder to order ratio of 8.0%

by burning microcosms; azain showing initial decreases in production; but
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Notes on Figure 2.

1. U.S. war effort was calculated by adding the incremental costs 04 the

war in Vietnam for the years 1965-1970. The incremental costs are the c sts

which represent the "net difference between wartime and peacetime needs. (U.S.

Congress. House Committee on Appropriations. Dept. of Defense Appropr atlons

for 1970 pt. VII. Hearings, Washington, U.S. Government Printing Office 1970.

p. 395). The total war effort (9181 X 1010 dollars) was then multiplied by 1.4

X 104 kcal/dollar to obtain the energy expenditure.

2. Viet Cong and North Vetramese war effort was estimated by assuming

steady increase from $555 million (Thayjr, 1969) to $765 million in 1970 (A.P.),

Gainesville Sun, Gainesville, Florida. April 2, 1972). The total war

effort (3.9 X 109 dollars was then multiplied by 1.4 X 10 kcal/dollar to obtain

the energy expenditure.

3. U.S. Aid was calculated by adding the official aid for the years 1965-

1970. (Annual Statistical Bulletin, No. 14.) the Official Aid (3.03 X 109

dollars) was then multiplied by 1.4 X 104 kcal/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, Itides, thermal heating, winds, and rains

as runoff.

5. Fuel inputs are from 'Vietnam Statistical Yearbook." For the 6-year

6
period 5.2 X I06 metric tons, this was multiplied by 10 grams/metric ton and

by 10 kcal/gram to convert to calories of work.

6. Purchased goods was calculated by adding the import arrivals from Annual

Statistical Bulletin No. 14 for the years 1965-1970. The import arrivats I.59

X 109 U.S. dollars) was then multiplied by 1.4 X 104 kcal/dollar to convert

dollars to the potential energy equivalent. Here it is assimed that 1/10 this

amount is the e-nergy value to the system, the remaining 9/10 is the cosr of



177

manufacture and transportation. The calculation of e.ergiis was baued on raw

chemical potential energy conversion of each of the flows. There are stueies

currently underway to give certain "qualities" to energy to allow for more

complete accuracy of calculation for modelling purposes. For example the "energy

value" of a material or energy in a stem is not only the measurable quantity

of that flow, but has been s-ggested to be the initial energetic costs of pro!

cessing and manufacturing as well.
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recovery, and in some instances increases with time. Thus if comparisono

-.n be drawn between the smaller scale syotems of microcosms and individil.1

t ,,systems and the larger scale system of a country made up of many smallec

subsystems, the impact of a pulse disorder to order ratio of 6.0% will probably

release material and increase repair mechanisms required for rejuvenation,

thus having a greater gross production with time. However, this does not

indicate a stronger or more stable system for the higher gross production is

achieved at a cost to diversity.

During this same 6 year period the disordering energies were 12 times as

great as the flows of ordering energy due to foreign aid and purchased goods

and fuel. Aid was over half that of purchased goods and fuel indicating a

subsidized economy, an economy dependent upon increasing fl:ys of high quality

energy in a world where these flows are becoming limited.

But more important, the diagram shows where the most stress was inflicted

by the actions of war. The natural system, while having a large loss in com-

parison to the urban energies disordered, was stressed 2.7%. The urban system

(manbuilt-technological economy) had 7,0% of its incoming energies disordered.

Other consequences of the war (secondary interactions) such as the shift in

population from rural areas to the urban centers, the loss of population as casu-

alties of war, and shifts in land use, have magnified this stress.

These calculations begin to show a more complete picture of the disordering

of South Vietnam and some conjectures can be made, As a consequence of prolonged

conflict and war the country of South Vietnam has bec.-ne a stress adapted system

decreasing diversity, and maintaining a low successional state. If, again,

comparisons can be drawn between man bl!t technological systems and natural

ecosystems, then the country of South Viet'zam can be considered a pulse-climax

nation, much like the fire-climax forects and prairies, which, require large flows

of energy and materials for reconstruction and rejuvenation after disordering,

and thuu maintain low diversity As long as the disordaring effects of the
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conflicts remain, it is reasoniable to ansiurne that the country of South

Vietnam will remain an unstable system.
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Simulation Model of Vietnam

The disordering of lands and the accompanying transfer from one land use

category to another might not be a "bad consequence" of the war; but in the long

run, by those who advocate increased agricultural production for the country.

For example, the change from forest to bare land has accomplished 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 (U.S. Aid)

available that can be added to the country's own reserves to accomplish this

goal. However, there are short term losses that disordering vast amounts of

forest, cropland, and urban systems must necessarily bring.

The actions of war have disordering effects on not only the physical, natural

and man-made systems, Lat on the social and economic eystems as well. As a con-

sequence of the war there has been a massive switch from a rural to an urban

population. With the help of U.S. Aid this shift in population has caused the

urban centers to expand at an ever increasing rate.

The effects the disordering energies have had on the country of South Viet-

nan can only be assessed through time. The usE of the systems diagram translated

into the language of the analog computer and simulated gives new insight to 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 and reuse of disordered

lands and materials. These are all parts that when fed back with an accompanying

energy input, are available for and stimulate reconstruction. Evaluation of the

rates gives a perspective of those changes that are important and computer simu-

lations are used to show the ctmnulative effects on South Vietnam's energy budget

as well as the costs or reordering.

Calculations and sources of inforatlon for the Rates of Flo'.;s and the stor-

ages in Figure 3 -zz sm-arized in Appendix C. War Effort (W) and United States
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(A) have functions generated to mcre accurately depict the escalation of U.S.

involvement in Indo-China. The War Effort (W) starts (1950) with minimal war;

the approximate level of conflict prior to U.S. involvement. In 1965 the level

increases reaching a maximtm in 1967, then decreases to an estimated level of

conflict equal to thac prior to 1965. (See Appendix C.)

United States Aid (A) remains at zero (0) until 1960, then increases at

a rate constant with reported U.S. Aid. In the first simulation (Fig. 4a-f) Aid

was held constant (after 1970), at the 1970 level. In the second simulation

(Fig. 5a-f) Aid was increased after 1970 to a maximum in 1985, then terminated.

tnd in the third simulation (Fig. 6a-f) Aid was decreased steadily aftcr 1970 and

terminated in 1980.

Figures 4a-f, 5a-f, and 6a-f are computer generated graphs of the first,

second and third simulations of the model. The graphs indicate a steady state

system from 1950-1965 (with slight decreases in certain storages [L2 , S2 , L3, $31)

until eocalation of the war in 1965, causing decreases in all ccmpartments of the

systwr exrept the human settlements.

Th# Mangrove uystema (Fig. 4B) show the expected disruption anticipated by

the calculations in Table 1. However, the structure component (SI) coutinues to

decrease after the pulse disordering of war, probably due to increased wood cutting

for charcoal. There- is no recovery as might be expected because provisions for

a seeding program are not included in the model. In the second and third simula-

tions little change in exhibited. The structure does decrease however, with the

second simulation due to increased demands of the human settlements.

The forest systems (Fig. 4c) of the country exhibit a slight decrease in

the first simulation, sonewhat aggravated by the increased demands of f-he growing

human settlenents. Recovery, as expected, does occur, but the system does not

/o
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Figure 4
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Fiqure 5
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Figure 6
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U. S. Aid Ordering (US . millions)

1965 202.3 265 500"

1966 478.9 406 400- /
1967 271.6 356 300-
1968 295.5 -370-
196"ANNUAL STATISTICAL
1970 369.4 504 I00 BULLETIN NO. 14"

Official Aid 0
6465 66 67 68 69 70

U.S. War Appropriations (US $ millions)
25,000

1965 100 20,000,
1966 6,000
1967 18,000 15,000
1968 23,000
1969 22,000 10,000 "IMPACT OF
1970 17,000 5,000 VIETNAM '

01

64 65 6667 68 69 70

Fuel to War Effort (millions of barrels) (partial figures)

1965 73,881 150-

1966 112,995
1967 146,697 100-

1968 173,766* "REPORT ON
50- WAR IN VIETNAM"

0 i_ rT -I i I

64 65 66 67 68 69 70

Military Goods (thousands of tons) (partial figures)
15- ,

1965 3,300* 12-
1966 7,280 9-
967 11,800* 6-

1968 14,840 REPORT ON
3 WAR IN VIETNAM"

*Only six month figures were given
for these years, so figuro wos
doubted for year tkot. 6465666763 6970
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Notes to Figures 4, 5, 6

Maximum values for each component are as follows:

W.War Effort - 2.5 billion $

Al, U.S. Aid - 1 billion $

L1, Mangrove land - 1.3 X 10o7 acres

Sl, Mangrove structure - 2.1 X 1010 kg

L2, Forest land - 3.3 X 107 acres

S 2 D Forest structure - 16.1 X 1018 kg

L3, Agriculture land - 3.27 X 107 acres

S3 Agriculture Structure - 1.1 X 1010 kg

L4 Urban Land - 3.3 X 107 acres

40

P1 Rural Population - 11.0 X10

PUrban Population -18.3 X 106
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reach the level of productivity exhibited at the beginning of the simulation

run. Flows of Aid have little effect on the system, and even when tripled no

perceivable difference was noted. The transfer coefficient for the flow

returning to forest land from bare land as a result of U.S. Aid (K.) is ex-

tremely small accounting for the lack of effect.

The agricultural systems (Fig. 4d) show the greatest change due to the

disruption by war, decreasee in the rural population, and increased urban demand.

In the first simulation production of the system after disruption does not

recover to the initial level. Increased aid in the second simulation provides

the energy necessary to increase agricultural production to a level slightly

higher than the initial, by transferring more land back into production and

increasing the movement of refugees back to the rt-ral areas. In the third simu-

lation, by cutting off aid, production remains lower than the level obtained in

Simulation 1, as might be expected.

Consequences of the population shifts (Fig. 4e) are felt throughout the

System and are very important flows regarding the overall stability of the

country. In the first sizulation the movement of the rural population to the

cities puts additional burdens on the entire system. Manipulation of this flow

caused extreme changes in most compartments. If the rate of movement to the

human settlements was decreased all components exhibited faster recovery rates,

and the l6s of agriculture production was not as great. If the rate of move-

ment was increased the opposite occurred. This "system sensitivity" to the

movement of the populations begins to indicate the extent to which the country's

stability is aggravated by the secondary effects of the refugee problem. In

the second simulation, movement back to the rural areas is facilitated by an

increased flow of agricultural land back into production. In the third simula-

tion, diminishing aid has little effect on the return of the rural population.

The human settlements (Fig. 4f), while showing smaller visible changes, are

1/
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interesting in view of the time delay involved in the build up of city structu'e

(S 4 ) following the increased urban expansion (L4 ). By the year 1970, increases

are apparent in city land. However, due to shortages of materials and energies,

and pressure from an increased population, a time lag of ten (10) years is re-

quired before the materials and energies are available for growth of city structure.

Recovery to the inital level does occur by the year 2000. This does not meet the

demands of the larger population. Increr3ing aid in simulation 2, meets these

demands easily. The increase in city structure in this case begins to show a

run-way growth, possibly an undesirable consequence. In the third simulation

decreased aid prolongs the time delay and reduces the final structure value.

Overall Perspective

Consequences of the war in Vietnam are difficult to evaluate directly. The

immediate effects of the disordering energies have caused a 3.1% disruption of

the 6 year cumulative energy budget (1965-1970) of the country. The hr.'<blcide

program accounts for nearly half this disruption: an Interesting consequence,

indicating the high amplifier value of the relatively low ener, otic cost of herbi-

cides.

Simulation of the War Stress Model reveals additional stresses and indicates

that depending on the new energies added, by the year 2000, the country of South

Vietnam may still be showing the consequences of a 6 year war in the 1960's. It

is important to note here that the recovery of the system depends on continued

(and possibly increased) flows of United States Aid (a situation which may be

unrealistic in light of increased energy shortages being felt throughout the U.S.)

Delays in ending the present level of conflict may cause delays and reduc-

tions 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, regrowth of the country may be delayed.

Staoility in any system is related to the diversity of normal occupations and corn-
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ponenra; and as 3uggested earlier, continued conflict ma, result in maintairg

a low diversity and thus a low succe!3sicral stare. On thc otJher hand, the ','-stom

may be develhping ispecial adaptations to War Ftress Energies so that tvey ere

not so destructive to the overall ;rocesses.

Other models simulated for the country of South Vietnam at wjcr suggest a

regrowth and in some instances increased productivity; and parallels have been

drawn between South Vietnam and the countries of Germany and Japan after L.he

second World War. However, the reordering and recovery of Germany and Japan were

accomplished with great expenditure of outside "ordering energy" during a tir.me

of increagitg fo83!1 fuel kAvailability and utilization. The same rapid reordering

of South Vietnam s'iy be --nrealistic In view of increased demand and decreased

-- availability of fossil fuP1 energies. The War Stiess Model indicates that without

increased aid the reordering may take many years more than intuitively apparent.
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APPENDIX A

General Notes on FiLare 1

The '7nversion frc= $ (Az=erian) to kcal was calculated as roughly 14,000

kcal/dollsr. (This figure was calculated in the same manner as Odum, 1971.)

The total fossil fuel budget and hydro electric production was divided by the

GNP of the country. The most complete figures were for the year 1966. The

figures for fossil fuels were as follows:

Fossil Fuel Type Metric Tcna imported kcal/g kcal x 1010

Petroleum 25,647 12 30.72

Aviation gas 166 11 .18

Gasoline 203,920 12 244.68

Kerosene 256,337 10 256.34

Gas oil 67,810 10 67.81

Fuel oil 562,595 10 562.60

Natural gas 6,080 12.5 7.60

Petroleum coke 820 7 .51

TOTAL 1170.50 X 010 kzal/year

The figures of metric ton:; imported tre from "Vietnam Statistical Yearbook

1970". Hydro electric production was calculated from a map showing location,

type and capacity of hyrdo electr.c generating plants found in "Vietnam Subject

Index Maps" min~mum value for each plant was used (see table below). The total

kcal/yr energy budget watt 2750.0 X 1010. This was divided by the GNP cf the

country for the year 1966, 2.0 X 109 dollar3, ("I- zt of the Vietnm W&r").

The figure obtained was 13,660.6 kcal/dollar.

0. . . . . . . .
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3 power plants @ 10,000 - 50,000kw. 3 @ 30,000 = 90,000 kw

2 power plants @ 50,000 - above kw 2 @ 60,000 = 120,000 kw
0 2210,000 kw

210,000 kw 1.84 X 1010 kwh/yr (8.60 X 102 kcal/kwh) 15.80 X 1012 kcal/yr

TOTAL 2730 101 0 kcal/vear

Q Land area in the cities - 2.47 X 104 acres is based on 100 Km2 as stated

by Meselson et al. (1970). This figure is for 1970, however', it includes

cnly major urban areas, so It is felt that it is a good reflection of all

urban areas including villages + hamlets in 1965 - these small urban systems

are not classically held as urban areas but generall as rural; however,

because of the "undeveloped"-status of the country and the role of the

village + hamlet as major elements in the hierarchy of the governmental

structure; they are included in urban areas. This figure repiegents .058'

of the land area of the country.

Q2 Goods in Country - This storage represents the combination of imports and

goods produced within the cr ntry minus axpcrts. Imports and exports were

easy figures ot obtain from a number of poublications including "annual

statistical bulletin" and "Vietnam Statistical Yearbook, 1970" and ind:s-

,LL4. production were obtained from "Annual Statistical Bulletin No. 11".

This data does mt include enterprises whose 1962 output was less than

2,000,000 $VN in value. Thusmuch of Vietnam's Industrial production is

excluded e.g. salt mining, quarrying, furniture making, printing, and hardi-

craft production. For 1965, the goods within the country was calculated

as 4.17X 106 metric tons.

Q3 Capital In the City - Capital in the city is used here to mean the money

supply that is available throughout any year. This figure was computed from

a table "Money Supply" in billions of piasters from the Annual Statibtical



Bulletin 5c. 11 by dividing by the exchange rate of 1II piasters to the

American dollar. Two figures are given, the year end value and the amTeirtt

available at the beginning of the year. ior 1965 the year end value was

$393.2 million and the amount available at the beginning of the year was

$232.2 million.

Q4 Land area in agriculture - The land area in agriculture is all land in

Vietnam under cultivation Vietnam Statistiral Yearbook -970. Table 14--

Agricultural crops: planted area and production, 1960-1969. The plantreu

area for each major crop was totaled and the agricultural land area that

had been defoliated was added to this figure as was the land area bombed.

The total land area during 1965 that was in agriculture production was

7.308 X 106 acres.

Q5 Agriculture Structure - As used here agriculture structure means the yield

in kgm of the land area in agriculture. The year end total yield was ob-

tained from Vietnam Statistical Yearbook 1970 as wao the land area. The

total yield and planted areas were 705.8 X 107 kgm and 7.238 X 106 acres

respectively. By dividing yield by planted area the yield per acre was ctained

(975.1 k=m/acre)*. This then was multiplied by the planted area (total be-

fore herbicides, spray, and bombing) to obtain maximum yield value of 7126.0

X 106 kgn. ..... .

Q6 Land Area in Military Bases - This value has been requested from the Depart-

ment of the Defense but to date has not been received. For lack of any

better figure this value was estimated by assuming that for each member of

* This yield/acre is approximately 1/6 that calculated for Florida which

has a yield 5,985 kgm/acre for all crops, however, Vietnam's growing season
is. shorter dua to monsoon weather, and they do not have a fossil fuel sub-
sidized agricultural system to the extent of that of the U.S.

I



the combined U.S. and S.V.N. armed forces a mtnimum of 1.5 acres* are

required to provide hcusing, necessary services, and storage for ther

their support equipment.

Q7 Land area in Forests - Mese]son et al. (1970) estimate forest area to be

100,000 k,2. included under the designation "forest" are all lands with

trees whose crowns cover more than twenty percent of the area. This est -

mate Is based on low resolution aerial otography and on U.S. Army terr in

difficulty maps. The ftrestry services r the French colonial governeL

estimated the total area of economically valuable hard wood forests at

50,000 km2 leaving out forests that were badly degraded, very young, or

located -n partially inaccessible mountafm tarrain. A value of 75,000 =2

was estimated from a vegetation map published by the government of Vietnam-.

This value -:an chosen as a rough approximation of the forest area at tei

beginning of 1965, because the greatest expenditure of herbicc1es in Viet naw

has been on fairly mature tropical bardwOid forest (Meselson, _. 4., 1970).

In acres the total forest area for 1965 is 18.5 X 106.

Q8 Upland Forct Structure - Rodin (1967) stated standing crop for subtropical

hard wood forest to be 4.1 X 104 g/m2 and that for rain forest 5.0 X 10;.

Since a large majority of the forests of Vietnam are of the moist foresj

type and the next most fiequent type is secondary forests, a biomass of,

*It is assvmed that a military base has the same basic system funct'ons

and flows as the urban system (with some specialized functions in terms of

equipment storage, and control mechanisms.) All calculations using urban ys-
tems in Southwest Florida indicate for each urbai inhabitant .85 acres are,

required to house and provide them with necessary services. Due to the hiher
energy flows of the military system as compared to the urban rystem and an

accompanying increase in structure, it ca- be assuied that larger amounts of
land will Le necessary to accomnodate the system cormpnents. Thus, an increase
of 75% in land area over than required to house and maintain services for "litary
personnel was estimated.
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3.5 X 104 g/m2 was used.

1,e tropical moist forest covert approximately /0-/57 of the forest -ea

while the secondary forest make up the remaining 25-30% with small arez of

semi-deciduous and dipterocarp dry forests. (Estimates from General-Forest

Map, Government of South Vietnam.)

The total biomass or standing crop for 1965 was calculated by multiplvirz

the biomass per sq. meter by the area of forests (18.5 X 106 X 4047 ?.2 X

l01l/m2)(3,5 X I04 g/m2 X 2.62 X 1011/m2) = 9.17 X 1018 kg if bionass.

Q9 Dead wood (Dead forest structure).- Prior to 1965, 0 km2 of forest lanc had

been sprayed (Herbicide Assessment Commission of theAzerican Association for

the Advancement of Science, Background material rclevant to presentations

at the 1970 annual meeting of the AAAS, Chicago, Ill., (Dec. 29, 1970)'p. '4.)

"Some estimates Indicate that one out of every eight trees is killed by a

single spraying and that 50 to 80 percent are killed in areas where more than

one spraying has occured." (same reference). Therefore, a low estimate of

20% killed in those areas sprayed has teen made. This estimate takes into

account the 10Z to 12.5% killed after the first spray and allows for an

additional 10% due to scattered seccnd sprayings. The amount of dead wood

for 1965 was calculated to bs 3.06 X 109 kg, and was figured in the following

manner: (438 M2) (106 m/km2 )(3.5 X 104 g/m 2 )(l0 - 3 kg/g)(.20) - 3.06 X 109 kg.

Q1Q Bare Land - is those areas that have had the standing crop markedly reduced;

it does not necessarily mean top soil that is exposed, although in some cases

it is, but merely those areas throughout SVN that have had the standing crop

removed and are in various stages of succession. in the three years prior

to 1965 458 km2 of forests and 46 km2 of apricultural lands had been sprayed

(impact of Viez Nam War, 1971). Of the forests sprayed 20 Km2 of the 458 km2

LS



196

was mangrove.* Calcu'atirZ the amount of bare land that had accumulate&

by 1965 was done by assuming first: that 90% of the mangrove land spraye

was still bare based on statements by Tschirley (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 lost seed source there has been little or no

reestablislment of the foresr: second, that 17% of the upland forests

sprayed prior to 1965 are still bare land calculated in the following'menne-'

it was assumed that of the area sprayed a 20% kill was achieved with cr

application of defoliants in the upland forests. Of this 20% at the end of

one year 2.'8% has recovered or bare land is now 19.44%. At the end of 2

years 8.8% has recovered or 18.24% bare land; at the end of 3 years 13.4%

of the 20Z has recovered or 17.32% is still bare lard. Third, that agricul-

ture land sprayed is 90% defolitd for that year, assuming that come land

might be replanted within the year and be replanted the following year with

a 50% overlap. In othe2zr words 50% of that land sprayed in 1964 is still bare

at the end of 1965 and 1/2 of that land will be replantcd. The remaining

1/2 will not be replanted due to the abandonment of villages and hamlets

because of the resettlement of the people who were in conflict areas. Fourth,

that forest and agricultural structure destroyed by bombing is calculated

in the same manner. However, there is no data available for the years prior

to 1965. Thus, it was assumed there was none.

*This area was measured of official DOD spray run maps at P scale of
1:1,000,000. At this scale it is difficult to determine exact areas, however,
these maps are computer drawn and give an accurate indication of where the spray-
ing occurred. 3 different widths of individual spray were observed from these
maps; these were assume!d to be 25, 150, and 225 meters wide.
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The value of bare I;d is as follows,

forest sprayed in 1962 20 km
2  (13.4%) 2.7 km2

1963 100 km2  (l8.24%) _18.2- km2

1964 346 km
2  (19.44%) 61.6 km

2

Mangrove sprayed prior tc 1965 20 km
2  (90%) 1.0 km

2

Ag.riculture sprayed in 1964 42 km2  (50%) 21 km2

"-t sprayed ±= 1965 i 2  (90%) 123

Mangrove sprayed in 1965 17 km
2  (90%) 15.3 km

2

AFiculture spraye in 1965 267 km
2  (90%) 240.3 km

2

TOTk.L 500.1 km2

QIISeeded i ,id In -arroves - The total area of mangroves in South Vietnam

has been es:imated as 2,800 km
2 (.691 X 106 acres)(Meselson eS al, 1970) and

Tschirley, 1969). 2') km2 had been sprayed prior to 1965 giving an area of

2,780 k 2 (.E37 X -06 ares.)

QI2 Mangrove forest structure - This structure index includes only woody stem

biomass and hrs .-en astimated as 5,000 g/m
2 (Golley 2 l., 1962) and between

4,000 g/M
2 and 6,000 g/m

2 by Banllubutana (1957). The value of 5,000 g/m
2

was used, thus, for 1965 (2,800 km2)(10
6M2/i2) (5000 g/n2) - 14,000 X I06 kg.

Q13 Dead wood (mangrove) - There was 20 km2 (20 X 106=) c;rayzd prier to 1965 and

a 90% kill has been estimated , thut, (20.0 X 10
6 /m2 )(.90)(5000 g/m

2 ) = 90.0

X 106 kg as stated by Tschirley (1969). Toere seems to be very little apparent

recovery or reestablishment after one spru,; ig, However, if there is, the 90%

kill is a conservative estimate and would Z.7'',Ckt for any rcestablishment.

Q14 Wood cutters - The number of people, engaged in wood cutting is impossible to

Lount. Every refu-ee is a potential wood cutter cacause it provides a readily



availabla income source.

Viet Cong, N. Vietnamese troops in country - Very difficult to obtain, final-

ly found a reference in "Aviation Week and Space Technology", Jan. 3, 1966.

"Preseit Viet Cong strength: (1966)

80-90,000 regular troops

100,00( guerillas

40,000 political activists"

This is an increase of 85,000 ovpr May 1965 estimates cf 38,0"O - 46,000

regulars and 100,000 irregulars by Pentagon." Thus, a figure of V,0,000

men was used for 1965; 40,000 regulars and 100,000 irregulars.

Q16 Land area in bomb caters - Very difficult figure to obtain; there are no

estimates or data available as yet on the size ol crcters produced per pound

of TNT or for different size bombs, much leas hcw many of different size bombs

have been dropped. "...there are two variabler that make estimates almost

impossible, type -)f fuseing and type of terrain (soil) that bomb is dropped

on. (There are) any types of fuseing devices and each will produce different

results, and if fused to explode on contact with soil, and explodes on contact

with trees instead, a different result is obtained." (Personal interview

commander, Univ. of Fla. AFROTC). We theref-ore have relied on two sources

for estimates on the size of crateri. Aviation Week and Space Technology,

Nov. 29, 1965, p. 18 - "AWhen delayed fusing is used craters on the ground are

25-30 feet leep and 50 feet wide at the top with a blow down of 150 feet in

diamet,r in heavy undergrcwth in iron Triangle area with soft, loamy soil.

Westing (1972) states from personal observation that the craters were "20 to

40 feet across and 5 to 20 feet deep." Fe uses an average diameter of 30 feet

and depth of 15 feet. We have therefore relied on the following figures:

craters 30 feet in dimeter and 20 feet deep with a blow down of 100 feet in

diameter.
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To estimate the number of craters, t was assumed that 75% of all air

munitions, expended were 500 pound bomb- capable of producing a crater Ar

described above.

The air munitions expended in 1965 as 315,000 tons (see "Impact of

the Vietnam War), 752 of this figure is 216,250 tons (2,000 lbs/ton)

045,000 bombs capable of producing a 706.5 sq. feet crater and a bare land

areq r! 17,100 bq. ft., thus the area of :raters (706,.5 sq. ft.)(9,45 X 105)-

667,i'2,500 sq. ft. of-craters (2.3 X 10-5 acres/sq. ft.) 15,358 acres of

craters .j

Q1 7 Peple- The "Annual Statistical Bulletia" gives the total population for

South Vietnam in 1965, as 15,921,000. Ho o-ver, it states "...all population

figures for Vietnam should be regardcd a7 estimates or gross approximations.

The reliability of data for cities is si 'ificantly better than for rural

areas. Internal security requirements ptescribe that each head of household

must register himself and all those residing with him at a local police sta-

tion and keep this registration up to date. It is these records which local

authorities diaw upon when reporting population data to the National Institute

of Statfstics. It is believed that the 960 figures represent a fairly accu-

rate estimate of population. With the d teriorati6n of security, registra-

tion data became incomplete and the NIS has deemed it advisable, beginning in

1961-1967 figures represent extrapolations of 2.5% per year on the 1960 figures.
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Flow 1. Incoming Energies to city.

A value of $252.8 million (J5? wa. : vh. for 196) by ccnsu:tin Table

9 in "Annual Statistical Bulletin ;o. 14" in-Dort arrivals by Major Com:od:t,.

Those commodities that were clearly ccnsu7.cr goods were added along with getro-

leur products, those chemicals not u~e..1 in agriculture, textile industry goods,

machinery and vehicles that were clearly not agriculture oriented, pulp and

paper products and 66% of the coinodity labeled "other" (the remaining 34% was

divided between agriculture and urban development energies.) Those commodities

that were clearly for the city were assigned to either agriculture or urban

development or both; by assiming 4% to agriculture and 30% to urban development.

Based on finding a percentage that the known quantities of each was of the total,

and the heading others was divided in the following this dollar value, $25'.8

million U.S., was then multiplied by the current conversion factor of 14,000 kcal/$

(see general notes) to obtain 3.54 X 1012 kcal/97. This is the energetic value

of imports to the city for 1965.

Flow 2. Energies to Agriculture.

See Flow 1 for explanation. This value, $18.0 million U.S. for 1965 was

multiplied by current conversion factor If 14,000 kcal/dollar giving 2.52 X 10I I

kcal/yr.

Flow 3. Energies for Urban Development.

See exp',,honion for Flow 1 for calculation of value. $117-8 million U.S.

(14,000 kcal/dollar) - 1.65 X lO1 2 kcal/yr for 1965.

Flow 4. Bombs Expended.

As described in the explanatln for Q16 land area in bombs craters, to esti-

mate the number of bombs it -3s assumed that 75% of all air munitions exrended

were 500 pound bombs.

The air munitions expended in 1965 was 315,000 tons (irput of Vietnam War)
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(.75) 236,- 00 tons. In reality this pe!rcntage represonts only 37.57 of the

total mu:r:icns (Ian 1, saa, air) expended, therefore, a very conservative sti-

m.'te.

Flow 5. Ero-y of Rome plows to scrape land.

In 1965 this value is 0 (zero). Rome plowing was started in Vietnam in

1968.

Flow 6. Herbicides sprayri on agricultural land.

This figure was calcijated by multiplying the area sprayed by the

rate of 3 gallons per acre*. For 1965 the _,pland srraved wAs 6'?. 9 ; : .

This multiplied oy 3 gal per acro gives: 197,847 gallons of herbicides.

Flow 7. Herbicides sprayed on upland forests.

Calculattd by multiplying the aria of forest ,prived (found in "Impa~t of

the Vietnam War') as t tal forest areas sprayed. This figure represents all

forests including margrove; thus, mangrove 'sprased were subtracted from total

forest areas by the application rate oZ 3 gal/acre. For 1965, 151,831 acres

of forest had beer rprayed which would require 4RS,493 gallons of herbicide.

Flow 8. Herbicide sprayed or, man,-. ,

Calculated by multiplying t': land are.' ot mangroves that were sprayed by

tffe -appltation-rae of3--a1aT~~~~h~s ro16, 77c ace s- -were s7-ayed

using 11,337 gallons of herbicide.

Flow 9. V. C. and N. Vietnamese in active military engagements.

Assuming that there were 140,000 V.C. and MN troops in South Vietnam in

1965**and that :hepo were broken into thc following percentage groups as follows

*Herbizide assessmnent comrissior for the AAAS. Background material relevant
to Presentations at the 1970 annual meeting of the AAAS, Chicago, Ill., Dec. 29,
1970. p. 14.

**Aviation Week ani Space Teohnology, January 3. 19(6.



4.4" sueiI I-~as, 3K 3 7 pol U:ca I a-~i c 1 7 ro'. mr''

m'ents then 67.7% of the 14O01 rt ops or 46j8 Lr"PS VV in~ a o 0 Y!

enf.ggemnts.

Y-1. 10 . City Land omd

A difficult estimate to mrake this figure was deori'.e bvasmn n

all l.omhing done ts evenly distribhuted throughout the ccunzry and ltlumn C

latlng che % of the total land area of the country that is in city larrK. Th'.I

was found to be .058% and -multilying tIiis timnas criltered. 1rea. of1 5~C

acres gives P90.7 acres of city land3 1 onbed. The roafco:, for uinp oror;] 7

land instead of the cleared land as in Pgricuiture and fot'e~t 1& bhrhbed

(see Flows 12,13) Is simply because or the structural differences" City stro tur

is exceedingly more difficult to rovw sc it was asstuned that only the actual

cratered area was cleared. Agniz this estiate IF eXCW t1 Ly COns'~ltile

on two counts. First, it sP'eri' enr irel;, possi!ble mht ore than .05< '0 a;ll

bomobs dIopped on South Vietntam were in cities and, second, a -_uring thatt the. on I

area of destruction for each bc7) was that of the cratered area is vc ry rnave 0tl

best; this figure could ran:ge as high as 10 tines this amount. W."sa c~i"

w-th only published infornation and not having access to ceirtain ci erifil in-

formnation it is felt that consorvatiVe eStirnaIe 13 better7 than o 'e !"Int toi'g"t

be subject of much d~bate.

Flow 11. People killed.

"The Senate Refugee Subcommr.ttee estimacee thatthrnoho'1 C3§C

civilian casual t i(s in V letra7 -bt,7 en oarly l8'3 and a 1,7') 197~ 7_

abo':t 325,00.) killed." (Imnoct of the VOien \X .r) . An s-t ci0

*Based on reported! oe-1.huctcc of 100,000 ;,e.rillas, 80-9Q77 I ''iar ttonp-,
and 40,000 political act.!,ist_ for the year J'3by Pentagon.
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was assumed by equating war deat-s to tho relative scale of war year by year,

1965-11-0.

Flow 12. Agriculture Land Bombed.

Again assuming that bcmbing -,s evenly distributed throughout the country,

and calculating the % of the land area that is agricultural land (17.23%) and

multiplying t-his tm-s the total cleared area of 169,000 acres* g,,es 31,100

acre's ujS agriculture bombed ana -leared. This area will be returned'to agri-

cultural production within the year, however, so it was felt a more accurate

3csc-ient ot damage to agriculture land would be in 'he amount of land that

wcs left in craters and tberefore unusable for agric iture. This was found

by nultiplying the total cratered area, 15,358** acres by 17.23% given an area

of 2,672 acr-s in craterA.

Flc-: 13. Upland Forest Land Eombed.

Again assuming that bombing was evenly distribL .d throughotit the country

and calculiting the % of la'i area that is uplanG forest (58.8%) and multiplying

this times the total cleared area (biowdown) caused by bombs, 169,000 acres (.179

acres$/bomb X 555,700 bombs gives 99,732 acres bombed and in bare land for the

;.,ar. T! amount of land in craters was found 6y multiplying 58.8% times the

area of tocal craters 15,358 acrest giving 9,030 acres in craters.

Flcw 14.-- Craters in Natural Succession. ..

This is a .2ry difficult num-a7 :o judge - the actual crater in most cases

does not disaopear from the landscape but to some extent will remain a permanent

*Based as a flow down of 100 ft. diameter (Aviation Waek and Space Tech,11/2s/65)
v*Braes a crater size of 3 ft. in diameter (Westing, 1972) and (Aviation Wk.

ard Space Tech, Nov. 29, 1965.)
4Based on d blovdo-n of 100 ft. in diareter Lrom (Aviation wk. & Space Tech,

Nov. 29, 1965.)
*, ,Based on a crater size of 30 ft. in diameter, (Westing 1972) (Aviation WK &

Space Tehnolngy, No. 29, 1965.)
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feature (Orians 1970). However, there 'is noticeable filling from soil wash

down, and in sone cases iquatic systems (where the crater remains wet year

r ound), are present after approximately one y-.r (Pfeiffer, 1971). Where

these ccaters are in agricultural areas they become practically unusable except

for irrigation purposes; there also have been some reports that craters have

been. used for fish ponds in forest regions. The return to its former state

is a slow process indeed, starting with some grasses (Imperata) and eventually

supporting same woody brush, vines and bamboo. It is therefore assumed that

the successional rate of craters is approximately .01% for lack of any real

data. This means that .001% per year of existing craters are retained to this

natural productivity or .001 X 15,358 acres of craters - 15.36 acres in 1965-66

were returned to their natural state, or some other productive state useful to

man.

Flow 15. Agriculture Land Rome Plowed.

This value is zero (0); Rome plowing was started in early 1968. However,

in later users th.s was calculated in the following manner.

Flow 16. Forest Land Rome Plowed.

Again this value for 1965 is Zero (0); started in 1968, however, in later

years, this value was calculated in the following manner.

Flow 17, Forest Land Herbicided.

In 1965 155,610 acres of forest land were sprayed ("Impact of Viet Nam

War"), this value includes mangrove land sprayed, thus, from official department

of Defense Spray Flight overlays it was determined that 3,779 acres of mangrove

was spraied leaving a total of 151,831 acres of upland forest sprayed.

Flow 18. Agriculture Land Herbicided.

Agriculture land area by year that haj been sprayed: 90% was assnmed to

be defoliated and unusable for the entire year for several reasons. First,



205

because farmers may 1ave abandoned field; second, defoliation occurring late

in the froving season, and third, to compensate for any error due to second

applications .n certain areas. Thus, for 1965 -(6.60 X 104 acres)(90%) - 5.94

X 104 acres.

Flow 19. Mangrove Land Herbicided.

This figure was measured off of official Department of Defense Spray Flight

overlays, (see Qio-Bareland for explanation) Area was 3,779 acres.

Flow 20. Bareland in Natural Soccession.

Of the total bareland in storage In any one year, the flow back into forest

land by natural succession is calculated in the following mannerof the forest

land defoliated that year 0.0% returns to forest; of the forest land defoliated

the year before (2 yrs previous) 2.8% returns to forest of that defoliated 3 yrs

previous 8.8% returns to forest, of that defoliated 4 yrs previous 13.4% returns

and that 5 yrs pervious 17% returns, of that 6 yrs previous 72.8% returns; it

was also assumed that 10% of agriculture land sprayed started into succession

because of abandonment. The bare land in natural succession for 1965 was as

follows.

1962 Forest Spray total 20 km2 (20t killed) - 4 km2 X 13.4% = .54 km2

1963 Forest Spray total 100 km
2 (20% killed) 20 kw2 X 8.8% - 1.76 km2

1964 Forest Spray total 338 km2 ( 20% killed)- 67.6 km2 X 2.8% - 1.89 km2

1965 Forest Spray total 630 km2 (20% killed) - 126 km2 X 0% - 0

1965 Agriculture spray 267 km2 (20% killed) - 240.3 km2 X 10% - 24.0 km2

Flow 21. Bare Mangrove Land Returning to Seeded.

It was assumed that .05% of the total in any one year of bare mangrove land

was returning to seeded. Thus, for 1965 there was 51.3 km2 of mangrove land bare

and in that year .05% of .026 km2 (6.34 acres) returned to seeded.

j\
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Flo 22. Bare Land Returning to Agriculture.

nt Here it is assumed that 85% of agricultural land killed remains fallow for

on4 year only, then it is returned to planted land, and that 5% of bare forest

lan is reclaimed as agriculture.

10, 74 acres sprayed in 1964 (85%) - 8,817.9

113,126 acres sprayed in 1965 (5%) -5_.,656.3
14,474.2

Flo a 23, 25, 26, and 27. "Land" converted to Urban Land.

It has been estimated by A.I.D. that the urban populations of South Viet

Nam have grown from 15 to 30 percent, and that the populations of Saigon and

Dan ng together swelleo by about 1 million persons in 5 years.* It is assumed

tha urban population has grown by 30 percent during the 6 year reriod (1965-70)

at constant rate of 5% per year. It is further assumed that urban structure

growth during this time is proportional to population growth. Therefore, if the

4
urban land area was 2.47 X 10 acres, then 5% growth per year will add 1,235 acres

per year to South Vietnam urban areas.

r11 28. Agriculture Structure Bombed.

As calculated for Flow 12, agriculture alnd bombed, 31,100 acres were cleared

by bombing in 1965. The structure per acre was calculated as 975.1 kgm/acre.

Thus, the structure destroyed is calculated as the number of acres cleared multi-

plied by the atructure per acre.

For 1965: (31,100 acres)(975.1 kg/acre) 3.03 X 107 kg.

Flog 29. Forest Structire Bombed.

4 g/2Calculated in the same manner as Flow 28, using 3.5 X 10 g/m (see explana-

tio for Q8) as the structure, and 99,732 acres as the area cleared (see explana-

tion for Flow 13).

For 1965 (3.5 X 104 g/M2)(99,732 acres)(4047 m2/acrc) - 1.41 X 1010 kg.
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Flow 30. Agriculture Structure Rome Flowed.

Plowed area multiplied by structure/acre (975.1 kg/acre). For 19'5 -0-

Rome plowing was started in 1968.

Flow 31. Forest Structure Rome Plowed.

Area cleared multiplied by structure/acre (3.5 X 104 gim 2 ) (4047 m2/acre)

" 1.42 X 105 kg/acre.

For 1965 -0- Rome plowing started in 1968.

Flow 32. Forest Structure Lost Dvi to Defoliation.

Area sprayed (151,831 acres)(see Flow 17) multiplied by 20% kill based on

explanation for Q9. Based on an initial standing crop of 3.5 X 104 g/m2 , the

structure lost can be calculated by multiplying the area killed by standing crop.

For 1965 - (151,831)(20%)(4047)(3.5 X 101 kg/m2) - 4.31 X 109 kg.

Flow 33. Agriculture Structure Defoliated.

The area sprayed times 90% (see explanation for Q10 ) multiplied by standing

crops of 917 kg/acra.

For 1965 - 65,949 (.90)(9.71 X 102) - 5.951 i07 kg.

Flow 34. Mangrove Structure Defoliated.

Area of mangroves sprayed multiplied by 90% (representing the kill rate)

and this multiplied by the figure for standing crop. --

For 1965 (3779 acres)(4047 m2 /acre)(902)(5.0 X 101 kg/m2 ) - 69 X 108 kg.

Flow 35. Energies of woodcutters to cut wood.

This value is derived from the mean value for total energy expenditures of

5.908 kcal per minute given by F rtung and Raets (1968). Asuing tui= a wood-

cutter's work day is 10 hours, his expenditure is then 5.908 kcal/min X 360 min. -

2160 kcal/day.

i

A
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Flow 36. Forest Structure Cut by Wood Cutters.

Data not available

Flow 37. Dead Forest Wood Cut by Wood Cutters.

Data not available

Flow 38. Mangrove Structure Cut by Wood Cutters.

Data not available

Flow 39. Dead Mangrove Wood cut by Wood Cutters.

Data not availableI

-Flow 4b. Goods bought by Wood Cut r.

Data not available

Flcj 41. Goods Exported from South Vietnam.

From the "Vietnam Statistical Yearbook," p. 192. Weight of imports and

exports by country - t' Ictal for 1965 -z:= 1 77 X 105 -&etric ton3. This value

is derived from the sale of licenses, so it may of off as much as 10% either way.

i"
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Flow 42. Wood for Charcoal and Lumber to the City.

Data not available

Flor 43. Natural Energies to Natural Systems.

The sum of the natural potential energies of: Rivers (644 X 1012 kcal/vr), tides

(152 X 1012 kcal/yr), rain as runoff (119 X 1012), thermal heating (1680 X 1012 kcal/yr).

wind absorption (52 x 1012 kcal/yr), and the chemical potential energy as gross

photosynthesis ecological systems (1312 X 1012 kcal/yr). Total for 1965 is 3959 X 1012

kcal/vr.

Flow 44. Money to South Vietnam from Outside Sources.

Obtained from "Annual Statistical Bulletin No. 14," p. 11. Table III -

Balance of Pyaments - 1962-1970 under official aid (sub-heading E). Total for

1965 $264.8 million. This value includes official grants, U.S. Govt. holdings

of disasters and official loans.

Flow 45. Money in exchange for outside energies.

Obtained from "Annual Statistical Bulletin No. 14," p. 9. Table I -

Foreign Trade Suimary 1958 - 1970, ur.,.;er GVN financed imports for 1965, $85.4 million.

Flow 46. Money to Wood Cutters for Wood.

Data not available

Flow 47. Money from Woodcutters to City in Exchange for Goods.

Data not available

i
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Flow 48. Money in Exchange for Exported Goods.

Obtained from "Annual Statistical Bulletin No. 14." p. 11. Table TIl

Balance of Payments - 1962-1970 under subheading A. Enports - 1965, $40.5 million.

Flow 49. NVN Sources.

Data not available.

Flow 50. Abandoned and Agriculture Land.

This value was calculated by knowing the land area that was supposed to

be in Agriculture for the following year and the amounts that flowed out during

the present year. In each case the land areas that were lost due to herbicides,

bombing and Rome plowing did not account for enough loss when compared to tota?.

land planted in the following year (Vietnam Statistical Yearbook). Thus, some

land was lost to agriculture production due to movement of people off the land.

For 1965 - 5.73 X 105 acres.
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APPENDIX B

Calculation of Disordered Lands by Year

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 Viet Nam

War, 1971). For the purposes of the model and lack of sufficient data it

was assumed that 75Z of the air munitions, only, were carable of produc-

ing craters equivalant to that of a 500 pound bomb (30' in diameter) with

a blow down (bleared area) of 100' in diameter (Pfeiffer, 1971). This is

probably an over estimate of the number of 500 pound bombs dropped. How-

ever, when compared with all crater producing munitions, the calculated

cratered area is conservative at best. Wtih these calculations, then,

16,668,000 five hundred pound bombs were dropped on South Viet Nam in these

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; knowing the relative % of the total area of the country in ezcb

of the four major land use categories (city land .058%; agricultural I4a

17.23%; forest land 58.8Z; mangrove land 1.6%), the percentages of bombs

dropped in each of these can be calculated. The number of crater produc-

ing bombs dropped in each land use category_7as then multiplied by the

cleared area produced by one bomb (.181 acres). The following table shows

year by year totals for bombs dropped and cleared area.



YEAR TOTAL BOMBS CITY LAND AGRICULTURE FOREST LAND MANGROVE LAND
(Cleared LAND (Cleared (Cleared (Acres) jn£4

Acres) xl02  Acres) x10 4  Acres' xjo4

1965 .96 X 106 1.2 X 102 2.9 10.0 .28

1966 1.5 X 106 2.4 X 102 4.8 16.5 .45

1967 2.8 X 106 3.2 X 102 8.8 30.0 .83

1968 4.3 X 106 4.7 X 102 13.4 46.0 1.26

1969 4.2 X 106 4.5 X 102 13.0 44.0 1.22

1970 2.9 X 106 3.3 X 102  9.1 31.0 .86

2. Herbicides.

In the six 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 each land use category ,vere calculated in the follow-

ing manner:

First, Agriculture land sprayed was assi:red to be 90% defoliated for

dthat year (assuming that seae land might be replanted in that year) and the

following year the land wai replanted. Thus, only one year's yield is lost.

Seetond, forest land area sprayed was assumed to be 20% defoliated based on

statements from Meselson Z 1j. (1970) that "some estimates indicate that

one out of every eight or ten trees is killed by a single spraying and that

50 to 80 percent are killed in areas where more than one spraying has occurred.

Therefore, a conservative estimate of 20% killed was assumed. Third, 90%

of Mangrove land sprayed wam defoliated based on statements by Tschirley

*This area was measured on official Dept. of Defense herbicide spray-
run maps, scale of 1:1,000,000; year by year totals for Mangrove land sprayed
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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(1969) that Mangroves are particularly susceptible to defoliants and that une

application et the normal rate employed In Viet Nam 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 herbicided and consequently removed from pro-

.. .. ducto fromleachof the land use categories.

YEAR TOTAL AREA CITY LAND AGRICULTURAL FOREST LAND MANGROVE LAND
HERBICIDED AFFECTED LAND OUT OF OUT OF OUT OF

PRODUCTION PRODUCTION PRODUCTION.. ... 104 ac - 102 acres 104 acres 104 acres 104 acres

1965 22.2 .4 6.5 3.0 • .42

1966 84.3 1.5 10.2 13.0 9.6

1967 170.8 2.8 22.1 26.0 19.8

1968 133.1 2.6 6.4 24.0 6.9

1969 128.7 2.4 6.6 22.6 9.0

1970 25.3 .6 3.3 4.2 1.2

3. Rome Plcving Operation.

With available information 350,000 acres of foreat land were estimated

s being cleared from 1968 to 1970 by the Rome Plow Operation. Westing And

.... feiffer (197! and 1972) have calculated the area of plowed land at approxi-

iarely 750,000 acres. They further estimate thatof this126,000 acres (were)

of prime timberlands accessible to lumber operations, axid 2,500 acres qf

producing rubber trees." Thtse figures do not include prime timber land

that is not accessible to lumber mills but contributes to the total energy

budget of South Viet Nam. It was assumed that 350,000 acres of forests and 90,000

acres of agricultural land were cleared by the Rome Plow Operation. The land

areas cleared each year were assumed to be equal, baLause it was assumed the

operation proceeded at a constant rate.
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YEAR AGRICULTURE FOREST

LAND LA
104 acres 104 cres

1968 3.00 11.66

1969 3.00 L1.66

1970 3.00 11.66



Appendix C

Imports (thousands of metric tcns)

1965 2,159
1966 2,423 3200
1967 2,269 2800:
1968 2,367 "VIETNAM
1969 3,469 240STAT!STICAL
1970 3,358 J 40YEARBOOK,

2000 1970"

6465 66 67 68 69 70

Fuel to South Vietnam (thous. metric tons) (partiul dota)

1966o 1.0052, 1.2-
!967 0.8622,
1968 1.062'- 0.8-
1969 1.1281* I-.'VIETNAM STATISTICAL YEARBOOK 1973"1970 1.2 10* 0.4 2"VIETNAM STATISTICAL YEARBOOK

064 1967- 1968"
665 66 67 68 69 70

Money Spent for Goods & Fuel by Vietnam
(inport arrivals) (millions U.S. $

1965 387.7 800:
1966 607.2 w
1967 744.060
1968 707.5 400 "NULSTTSIA
1969 837.7 "ANASTITCL
1970 715.1 200 BULLETIN NO. 14"

64 63 66 67 68 69 70

Structure Destroyed by War (thousands of acres)
1965 2.12
1966 7.34 12-
1967 12.12
1968 12.87 87 1969 8.898

-4 1970 4.544

* Only six month figures were given
for these years, so figure was 0 ,
double.' for year total. 64 65 66 67 68 69 70
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7. Simplified Simulation Model of Vietnam

and the Impact of Herbicides

J. Zucchetto

In Fig. 1 is a simplified version of the more complex model of Vietnam

given in Section 6.Fig. 1 has agriculture, non-human ecosystems, and urban

settlements that depend on outside sources of natural energies, purchase of

fuels, purchase of goods and services inputs, inflow of money with U.S. aid,

inflow of war equipment and disruption of war equipment by communist energies.

The model has the feedback of disrupted structures to a storage of disordered

parts (e.g., land destroyed by bombs and herbicides) that react with

available energies to produce net structure. Table 1 has a translation of

the equations in Fig. 2 which mathematically describe the system configuration

in Fig. 1.

From the data that were assembled for the larger descriptive model,

storages and flow rates were estimated and these were used for the pathway

coefficients as given in Tables 1 and 2. The scaled equations are given

in Table 3 along with the scaling factors in Table 4.
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General Equations

Q1-+KQ 2  3 KJ 1 W 1  - 31Q1 - 2 Q1Q2M

-2 Y4 + K 5CI (Q1 +Q3 + Q 4 + K 2 p (Q1 + Q 3  K K6Q1 Q2M

'13 -K 7Q1Q2M - K 8Q3CW -,KgQ 3 -K 30 Q3R

Q4 K11 Q1 Q2M - K1 2Q4 - K 13Ql 4 CW

M -K .4 Q3 +A-K 1 5 M -K + w

Fig. 2.
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Footnotes for Table 1

Figures are approximately 1965-66 values.

Assume that the natural energies balance the losses to maintain a steady-state
-- in the natural system. Thus, -

S - KIQ1 where it is assumed that K IQ, 0.02 Q1 2% Of Ql/year

Storages:

Q: Ecosystem lands - Upland forests 18.5 x 106 acres
Mangrove 0.691 x 106 acres

19.19 x 106 acres

Q2: Disordered parts - Bombed

Agriculture: 31,000 acres
Forest: 9,030 acres in craters
City: 890 acres

4.092 x 104 acres
i Herbicided

Forest: 150,000 a~res
Agriculr-.e; 5.94 x 10 acres

21 x 104 acres

TOTAL: Q 25 x 104 acres
Q3: Agricultural land 7.31 x 106 acres

4: Urban land = 2.47 x 104 acres

M: Capital in city = $281 million

Herbicide use - Agricultural land: 198 x 10% gallons

Upland forest: 455 x 103 gallons
Mangroves: 11 x 103 gallons

644 x 103 gallons

C: Communist energies - 140,000 men or $555 million

Flows in System:

Rate of growth of urban land: K11QIQ2M = 1235 acres/yr.

Bare forest land returning to agriculture: K7QIQ2M 5600 acres/yr.
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Footnotes for Table 1 (Continued)

Assume 50% of agricultural land replanted. Thus,

KSQ3CW -0.5 [3.1 x 10 + 5.94 x 10 ] = 4.5 x 104 acres/yr.

Ecosystem lands destroyed:

K3Q CW - 0.05 [(9.03 + 150) x 103] - 7.95 x 103 acres/yr.

War appropriations from U.S.:

W = $200 million

U. S. aid:

A = $250 million

Purchased input amounts to:

K4M = $50.3 million

Amount of structure destroyed:

KSCW IQI + Q + Q4I 
= 40 x 103 -cres/yr.

Amount of money flowing in d.e to sales:

K14Q3 = $40.5 million

The amount of money flowing out to purchase goods and fuel:

(K1 5 + K16)M = $130.5 million KI6M = $80.5 million

Bare land returning to agriculture:

K6QIQ2M = 14,000 acres/yr.

Amount of natural land changing into urban land:

KIQ%4A = 1235 acres/yr.

Amount of natural land converted into agricultural land:

K7QlQ2M = 5600 acres/yr.

Rural destruction:
4

K8Q3CW = 4.5 x 10 acres/yr.

Rate of return of disordered land to natural land:

o2 1.25 10 acres3/yr.

o"



Footnotes for Table 1 (Cont.)

Ecosystemi destruction due tc herbicide:

K31Q H =1.5 X 10~ acres,'yr.

Agricultural land destroyed by herbicide:

K30Q H =5.94 x 10' acres/yr.

Total herbicide destruction:

KLHrba+n + Q) 21 x 10acres/yr.
Ubnbomb destruction:

K 1 3Q4CW =890 acres/yr.

Total bomb destruction:

KS Cw(Q+ Q3+ Q 4  i40 x 10 acres/yr.

Total ecosystem trnfrai into rural and urban:
K Q Q M z1235 + 5600 -i6835 acres/yr.

Assume approximately 2Z recycle into from Q10 Q3 and Q:i.e. K K K 00Q2 3 Q4: 1 901
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Table 2

Coefiicient values:

K = 0.05
0

K2 = 0.355 x 1G
-3

K3  0.373 x 10
- 8

K4 a 0.179

K = 0.136 x 10
- 7

5

K6 = 0.104 x 10-10

K7 = 0.0403 x 10- 10

K8 = 5.55 x 10
- 8

K1 = 0.0092 x 10-

K 1 32.5 x 10
-8

K14 5.54 x in
6

K15  0.179

K16 0.286

1
-2

• K21  0.79 x1O-

K30 = 0.812 x 102

K1 = K9 K 12 0.02
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'Table 4

Scaling Factors

30 x 106 12 x102

7. 
MQ2Q 1

7S

i0 30 x 1017

20

104 
QC

10 7

C
2 x 103

w
6 x 103

H
1

Q3CW

12 x 10 13

QCw

360 x 1012

.9 /
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Results of Computer Runs

In the first run (Fig 5) the systen was not pulsed with a 5-year input

of herbicides. As can be seen from Ffg. 5 the various state variables in the

model eventually achieve steady state value, the urban sector taking the

longest to achieve steady state. Notice in. Figs. 6 and'7 that the effects of

a 5-year herbicide pulse or a double intensity 10-year herbicide pulse produce

perturbations in the system variables during the first 10-15 years, a time

during which the rates of change are different than in Fig. 5. The system

has enough inherent stability to damp out the perturbatiqns and to eventually

proceed to similar steady state values irregardlesa of whether there was a

herbicide pulse. The interesting question arises as to the limits of herbicidal

disordering and destruction beyond which the system would not recover and a

completely new steady-state situation would result. Of course, the stability

and recovery of the system are linked to the input of natural energy (so'lar to

photosynthetit growth) and fossil-fuel and resource energy. Without these

order-directing pathways the system, under intense destructive energies, would

end in disorder with a much slower recovery rate.

Fig. 8 presents results under the assumption that there is no flow, KoQ2 ,

. from Q2 (disordered parts) to Q (natural ecosystem).- This situation might

arise if a political decision is made to develop the devastated natural areas.

The system recovers to the same steady-state values as before except for

ecosystem lands which end up at a lower value (app. 16% lower). It is interesting

to notice in all the graphs that urban development follows a kind of pseudo-loglstic

curve even though there is only a linear depreciation outflow and a constant

yearly rate of energy input (U.S. aid). The question arises as to what kind of

growth will arise if there is a square term depreciation outflow from Q

}4
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200 too

Figure 7. 10-year double intensity pulse of herbicide; 15-year wa~r pulse.
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-I A

Figure 8. Five-year herbicide pulse; 15-year war pulse, no natural recovery.
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i.e., that the costs of maintaining a complex system at some level increase as

the square of the interactions among the parts. Fig. Ii illustrates the

2response with a KQ4  outflow from the Q4 storage.

Since the development and recovery of the system is so dependent on

U.S. aid, i.e., on fuels and resources, it is interesting to look at the

response of the system under different levels of subsidy. In Figs. 9 and 10

are the results for urban and agricultural growth for three different levels

of U.S. aid. As can be seen there is not a linear correspondence between

U.S. aid 'and growth. In fact, there seems to be a process of diminishing

returns taking place in that the percentage increase in growth is decreasing with

equal increments of U.S. aid. This effect was definitely seen foi the

agricultural growth in that there was virtually no chAr. between 10 times ard

30 times the base level of U.S. aid. Both Figs. 9 and 10 assume that there is

ao natural recovery from Q to QI"

Perspective in Comparison of Herbicide Impact
withOther Disruptions

Examination of the simul ion curves suggest magnitudes of impact of the

herbicide spraying period on t total energy flow of the Vietnam system. As

shown in Fig. 6 the percentage of energy lost, as a fraction of the area under

the disordered parts curve until steady-state is reached, is approximately

5-6%. The impact of herbicides exerts a short range effect, damping out

within a period of 5 years, as long as foreign aid is stimulating reordering.

)
---- --- ------------~---,-- ----- ----- - ~-aM..-',-,-

4 - "1
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Figure 9. Urban growth for 3 different levels of U.S. aid.
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Figure 10. Agricultural growth for different levels of U.S. aid.
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Figure 11. Five-year herbicide pulse; 15-year war pulte, Qj outflow from Q4.
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8. A SIMPLIFIED SiIMULATION OF THE IMPACT OF Hii.bICIDE A,,D

* WAR CN PRODUCTIVITY IN VIETNAM

C. SWALLOWS

The destruction caused by war has a functional reln-

tionship with those materials which have not been affected

nor destroyed. In energy terms, the stress of war upon

structure creates disorering energies which interact with

ordering energies to assist the reestablishment of order.

For example. natural blodegradntion processes generate

nutrients from the organic matter of fallen trees which

will assist in the fertilization of the soil for the bene-

fit of future trees and other plant life.

. The disordering energy in effect catalyzes the order-

ed energies dtrected to form new structure. This formation

of new structure is a function of the rate of catalyzation

which in turn is a function of the quantity of the disorder

*generated and the ordered energy available for the cata-

lytic process.

A basic model of the Vietnam conflict is shown in

Fir, 1. It depicts basic interactions among the various

components of war, structure, disorder, and ordered vnergy.

The application of stress upon the structure will

obviously decrease the quantity of th/e structure, but

wnat effects does the stress have u'pcn recovery time and

the steady-state levels?
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In the agrarian system of Vietnami, the Iroductivity of

forest land and agrieultuiral land has been a prmary basis

for that society. What was the quantitative role of herbi-

cide in forest and agricultural productivity? How long

were lands rendered unproductive? How fast were repair

mechanisms released? How rapidly were bared lands and

released nutrients accelerating successions and regrowth?

In this section two models are evaluated and simulated

to suggest regi'owth patterns for the forests and agricul-

tural uplands of Vietnam.

Productivity Model One

The model shown in fig. I. Is a macroscopic view

of the Vietnam conflict which depicts the order-disorder

symbiotic process. In order to simplify the complex inter-

actions within productivity, the available agricultural and

forest acreage was lumped Into a single storage without

consideration of spatial relationships. The forcing

functlcns which contributed to the growth and stability

were natural energy and included some fossil fuel subsidies

to the rural economy. These forcing functions are shown

interacting with the disordering energy to reestablish

disordered land t' productive land. Exports provide in-

come and the model assumes constant price; earnings go

for fuel. Financial subsidies from the United States are

\

t. /
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shown further subsidizing natural energy.

The warring factions act as two large energy sources

which match each other In the model as to the power they

send into the war.

Differential Equations:

V= N + KOM K KA KV V

DK 8 W A -K 9 MD)

M aK3A + X6E-K pN

W C- KIWcWA

WA A 2 AWe

Numbers used for scaling are given on the energy flows

shown In Fig. 1 as obtained from the following Table 1.

TL se numbers indicate the quantities which have floved

from the sources to the storages or fiom the storages to

another storage.

Note that Tables 2 and 3 are footnote, of Table

4. These tables Indicate the scaling procedure followed

for this model. Table 4 .'%ows the results of the scaling

process@
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Table I

Flow Type of Flow Quantity Source

1 U.S. aid to Vietnam 5 x 1012kcal 'Annual Statistical
Bulletin 014'

2 Money spent for fuel by Vietnam 8.5 x 1012kcal 'Annual Statistical

Bulletin #14'3 Fuel to Vietnam 1.62 x 1010 kcal Vietnam Statistical

Yearbook
4 Herbicide destruction of land 21 x 104acres Impact of Vietnam War

5 Exports 2 x 108Kg Vietnam Statistical

Yearbook
6 & 7 U.S. war appropriazions and effort 23 x 10 kcal Impact of Vietnam War
8 Herbicide application 2.4 x 1013kcal Impact of Vietnam War

9 Communist war eflort 8 x 102kcal

10 Natural energy 2.45 x 1015kcal **

*Numbers were derived from data paper by Mark Brown (Part 6)

j **For flow 10: Insolation:

(4oo kcsl/m2/day)(4000 m 2 /aore)(6 x 104aoe)36 as/~r

5.5 x I01 kcal/year

Gross productin of disturbed cover is approximately 1% of

insolation. Therefore, 3.5 x 1013 kcal/year.

For one nacre of vegetation orders

(I0,000 kcal/m 2 )(4000 m 2/acre) 4 x 107 kcal/acre

Turnovers 3,5 x 10 kcal/year

4 0.9 x 108 acre/year4 x 107 kcal/acr."

therefore, the turncver rate is approximately

once per year.



Table 2

Scaling

KW 1 13 k 10 -15
1 (23 x 101 (8 x 1012) r 5 x 10

1013

K2WAWC 1013 K2  (±013) (8 x 1012) 0.12 x1012

12 
5 x 1012

3A - 5x10 K3  23x 1013 - 0.022

K4V - 2 x 108  K4 - 2 x 108  0.210 9

5 105 -I 0I

K 10 K =13 ~4x 101i 5"A 10 5 23 x 1

= K:- 013 - 4

KE 8 
K6 - 1

KW 6 1100

8A O8i 108

K7 - 100 Kx -
A  8 23 x 10 3 -8

10 
2

K 9DM - 100 K1 1 2-4
10(6 x 13.3
i 1.2 x 10-

} K~o = .2 x 10- 3  I "6x14 - 2. x 10- 8

6 x 10
K V - 6 x 104  K 1  6x104

13 13 6-11

10 12

m 10 
1 -12

Ky- ol 0.5 x10 12-2I

8 2 x 108

KV - 2 x 10 Kv - I09 - 0.2

V V j
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Table 3

Pot Setting
_(8 x 1012) (1013)

(1013)(1013) - 0.8 ii 0.8 (10)

(23 1013  15(23)
A015 0 0.23 

13 0.023 (10)

106 106
N 06 610 10 

36 0.1 (10)

-13 2
10 5Iln 15. 0.5 (10)

(1.2 x 10 (10 28)K2  1015 - 1.2 16 0.12 (10)

(0.022) I015

K3 10 13 - 2.2 21 0.22 (10)

(0.2)(10)
K4 10 8 0.002 33 0.002

(ji 1010 _(1015)S16 . 0.4 31 . . 0.4

K 10 = 0.01 35 0.016 103500

1 (108x3 
.K7 - 1 

34 0.1 (10)

71 10

8 10 24 0.04 (10)
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Table 3 (Cont.)

Pot Sett'ng

(0.33 x 10
- 13 )(l10 8

K9  10 - 0.3 26 0.3

(2 x 10 8) (1013)

K106 - 0.2 23 0.2

(1) (106)
13  106 25 0.1 (10)

2( 10) 

KF 1013 2 22 0.2 (10)

(0.2)(106) 0.002 32 0.002
K 1013

K 1 Initial Conditio 12 0.386
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Table 4

Pot Setting Address

11 0.08 (10) c

12 0.386 K 1

1-13 0.023 (10) A

14 Upper Limit

15 '0.5 (10) .

16 0.12 (10) K2

21 0.22 (10) K 3

22 0.2 (10) KF.

23 0.2 K 1

24 0.04 (10) K8

25 0.1 (10) K13

26 C.3 K9  -

31 0.4 K 5

32 0,002 K
v

33 0.002 K 4

34 0.01 (10) K

35 0.01 K6

kI36 0.01 (10) N
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The graphs resulting from simulations are shown in

Figures 3, 4, and 5.

Since the starting condition was calculated with a

steady-state diagram, Fig. 3 shows a constant, steady-

state quantity of acreage available for production without

herbicide and war. The steady-state quantity is approxi-

mately 0.4 x 105 acres and the financial status of the

country remains low.

Fig. 4 depicts the effects of herbicide defolia-

tion upon the components when the American war effort

steadily increases. The steady-state value for productivIty

is approximately 0.2 x 105 acres which is one-half the

steady-state value observed in Fig. 3. However, the

capital in the country has increased due to the financial

aid given by the United States. There is more money per

capita relative to less production. Therefore, a higher

standard of living accrues as result of the war if such

available monies are distributed among the citizens.

Fig. 5 shows the tranzition to -a new steady- . -

state with a constant level of war effort. Herbicide

applicatifis reach steady state levels rapidly due to the

constant American war effort. Note that the respone

time for herbicide is about 1.2 years whereas the tran-

sition period for productivity is about three years. Thl;

lag denotes the length of time In which the herbicide

damage reaches steady-state with regrowth.

I/
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Productivity Mlodel Two

/ As shown in the source graphs in section B., the--- --

application of herbicide in VI "nam followed a five year

pulse. Such a pulse wat simulated on a slightly modified

model shown in Fig. 6. The graphs, shown in Figures

------------ -- through i1, predict the steady-state levels of the

various interacting components in productivity model two.

Fia. 8 shows the natural steady-state levels of

productivity when there is no herbicide application. The

values are the same as' those in Fig. 3.

Figures 9., 10 and 10A. show the effect of

the five year herbicide pulse upon Vietnam's financial

status and productivity over different time periods.

Figures I0. and 10A. also show the resulting quantities

of disordered land within the system. Eventually, disorder

will gradually return to zero but the surge of disorder

and the resulting new order-disorder balance y return

the productivity to its former steady-state le el as the

--_herbicide pulsefseaa..Note- that the effects if herbicide..

application upon the basic productivity disappear within

two years In this model. Compare this two year lag with

the 1.8 year lag observed in productivity model one. The

recovery time is relatively fast considering the amount

of land momentarily rendered unproductive.

\.



2 54

E

0

F06 D3

.00

0 0

0

0. (A

00

U-

U--



4 255

t
rw i COUTE/TME

k13V3I1 +
- r -M

Fiue7knaoF{dl

k5W k5
kki

kjOM P+ UI



256

It

* I 00
Az

.5,.

9 4
fz ; 1 4 -

. .



257

I 'A,

4.

0

h I Repodce fo

,I.



//

44

o - -0

o U I

441

-4

4)

. --

• t-,

l0.

"+" :I "I :+ '+1 .'t __L_
-,' U',+ ~ i

+ ,<,,<, + I I +I.. .. '.4
I ,,,~o<,,°,< ,,°,, 0

b+-+ +'.al!bl+ o ,. +q ,14

@. . .. ............. .. .



259

in Fig. 11. the herbicide pulse width had been

increaged from five to ten years to determiine the effects

upon productivity, financial status, and disorder. The

effect upon disorder 18 the only noticeable diasmilarity

between Figures 10 and ii, Intuitively, disorder

behaves as expected since it is created by stress and

thus the longer the stress the greater the disorder.

The recovery ti~e time for productivity remains the same

although the period In which It Is stresmed had been

doubled.
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Differential Equations

= Pulse Input

M -K 3W - KFM + K 6V

-VKKOM + N - KvV - K 5W - KI3V

- K8W - K9 D

Scaling

The scaling In model two is essentially the same

scaling which was done in arAel one except for the

coefficients K 3 and K8 . K 5 remained the saae.

12 Kcal
K3 W 5 x 10

K3  5 1012 = 0.005

10

for the pot settings

K3  (0005)(1015)

113 = 0.5 = 0.050(10)

KAW = 10 Kcal K8= .2.7 x 0  2.7 x 10
1013,

for the pot settings

Kg: (2.7 x io"lMol)
1 0.27 - 0.027(10)1°0!
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Conclusions,

These simplified simulation models suggest that herbi-

cide application greatly decreases the productivity in Viet-

nam but for a relatively short period of time. The resulting

disordered lands interact with the natural energies and the

subsidizing energies to form a relatively fast recovery time

of two years. The recovery time is related to the natural

turnover rate of once per year. The amount of sgricultural

and forest land rendered unproductive in the model during

the period of herbicide application and the following re-

covery time reduced the productivity by 8.25A during the

five years of herbicide application and the two years of

recorery.

However, the financial assistance given by the United

States generally increased in the same years as was the

herbicide applied to agricultural and forest lands. The

financial aid subsidized the export income. This would

imply more capital per capita although the productivity of

the country Is low. Financially, the conflict in Vietnam

stimulated the economy during these years and the energies

purchased may have added to energy subsidies available to

rural productivity as this model provides.

Observations in Vietnam indicate some validity of the

models. The recovery time of ti years observed in pro-

ductivity model two is substantiated forests which were
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bombed several years ago" that have grown so dense that

the bomb craters cannot be seen from the air. Also, "-

agricultural lands which have been sprayed with herbicide

or bombed several years ago are now producing crops.

The increased 'influx of Imports during this period of

herbicide application substantiates the stimulation of

the economy of the country. For example, a very popular

Import product was motorcycles.

--,



9. Effect of Aerial Application of Herbicides
On a Mangrove Community in Southwest Florida

Maurice G. Sell, Jr.

Introduction

As asequel to the large scale spraying of herbicide in the Republic

of Vietnam, Dr. Howard Teas of the University of Miami initiated a project

to study the effects of aerial application of herbicide on a m.ngrove community

in southwest Florida. He was assisted in the actual spraying by Jerry Kelly,

one of his graduate students. Three sites were sprayed with Agent White

on December 15, 1973, and three additional sites were sprayed on January

19 1973. A study team from the University of Florida consisting of

T. Ahlstrom, J. Brvw-.r, and M. Sell also participated in this program by

obtaining measurements of parameters such as tree diameter, identification

of tree species and whether they are alive or deL,, fallen green and 
yellow

leaves, number of live and dead seedlings, and number of snails.

By virtue of this spraying experiment a chronological account might

then be made of the events that occur following spraying. How long does it

take for the leaves to actually fall? What levels of herbicide are needed

before defoliation is 10OZ? What species show the ability to rebound after

spraying? What changes occur in those mangroves not completely killed but

obviously stressed? By what means do the mangroves recolonize a sprayed ara?

Once the leaves have fallen due to spraying, how long does it take a tree 
to

die if indeed it ever does? Hopefully' these and other questions will be

answered by this experimer.L.

Methods

Some parameters studied at the Marco Icland, Florida site included

number of fallen green leaves, number of fallen yellow leaves, number 
of

* 1
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crabholes, number of coffee shell snails, Melampus coffeus, number of red

mangrove and black mangrove seedlings that were alive and also number that

were dead. The above parameters were counted in five plots that each

measured 20 meters by 4C meters or 800 m2 in area. The five plots included

a plot in which all the trees were harvested, a control plot and three plots
Rthat had been sprayed with Tordon 101 . Fig. 1 is a map of the sprayed

sites in southwest Florida. This is a herbicide quite similar to one of

those used in South Vietnam. Kerbicide dosages for the spray plots were

- 1 /2 gallons per acre (estimated), 3 gallons per ac e (estimated), and 2.2

gallons per acre (measured). In each plot counts o the parameters were made
2in each of 10 areas. These areas were 0.4 m at the 5-week interval and

0.77 m2 at the 20-week and 33-week intervals. Spraying of these plots was

done on December 15, 1972 with a helicopter. Sampling dates were in

January, May, and August, 1973, representing periods of 5, 20, and 33 weeks

after the initial spraying. Sample areas in each plot were chosen-at random

to obtain representative counts for each parameter In a plot. Sample areas

were different at each sample period so the data did have some scatter.

Growing tips of young red mangrove trees were also studied in each of the

sprayed plots. Trees were anywhere from two to six feet in height, and the

smaller ones were also required to have branches. These trees were then

observed closely to detei'uine if the growing tips were alive or seemed to

have been killed by the herbicide. Counts were then made of trees with at

least one growing tip and also of trees that did not ppear to have any live

growing tips. In many instances the growing tip may k ve been killed

initially and new growth was emerging beneath the old tip ora side shoot.

This was considered a live growing tip.

The three sprayed plots mentioned earlier were studied in this manner at

intervals of 20 and 33 weeks after spraying. Three other plots were sprayed

five weeks after the initiAl spraying at dosages of 4.25 gallons per acre

(measured), 6 gallons per acre (estimated) and 2.4 gallons per acre (measured).

For these plots the growing tips were counted at intervals of 15 and 28 weeks

after spraying.

In each of the sites sprayed December 15, 1972. (10 metern v 20 meters)

an area equal to 25% of the area of each site was mapped and the diameter of

each tree wab measured. Live and dead trees were also discerned. This mapping

and measuring was also done for one of the control sites but for a larger

area (20 meters x 20 meters). Mapping was done with an allodade and a stadii

A
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Legend to Figure I

C-I Control area
C-2 Control area

SP-l Spray plot I (1I gallons per acre estimated)
SP-2 Spray plot 2 (3 gallons per acre estimated)
SP-3 Spray plot 3 ( 2.2 gallons per acre measured)
SP-4 Spray plot 4 (4.25 gallons per acre measured)
SP-5 Spray plot 5 (6 gallons per acre estimated)
SP-6 Spray plot 6 (2.4 gallons per acre measured)
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rod (used to get distance and direction).

Results

Density of Green Leaves

The number of green leaves was not deteimined in the clear cut plot at

five weeks after cutting and no green leaves were observed at 20 and 33 weeks.
2The control plot had 0.5, 0.6, and 0 green leaves per m at 5, 20 and 33

weeks. The plot sprayed with an estimated dosage of 1 1/2 gallons per acre

had 31.4, 0.1 and 0.1 green leaves per m2 at 5, 20 and 33 weeks. The plot

sprayed with an estimated dosage of 3 gallons per acre had 29.0, 0.8 and 0.1
2

green leaves per m at 5, 20 and 33 weeks. The plot sprayed with an actual
2

dosage of 2.2 gallons per acre had 75.8 green leaves per m at 5 weeks and

no green leaves were observed at 20 and 33 weeks.

Density of Yellow Leaves

The number of yellow leaves per m2 was not determined in the clearcut

plot at 5 weeks after cutting. The clearcut plot had 0.4 and 0 yellow leaves

per m2 after 20 and 33 weeks. The control plot had 20.2, 1.2 and 2.? yellow
2

leaves per m at 5, 20 and 33 weeks. The plot sprayed with an estimated dosage

of 1 1/2 gallons per acre had 104, 0.3 and 1.8 yellow leaves per m2 at 5, 20

and 33 weeks. The plot sprayed with an estimated dosage of 3 gallons per acre~2
had 141, 0.5, and 0.1 yellow leaves per m at 5, 20 and 33 weeks. The plot

sprayed with an actual dosage of 2.2 gallons per acre had 304, 0.4 and 1.0
2

yellow leaves per m at 5, 20 and 33 weeks. The results for both green leaves

and yellow leaves are given in Table 1.

Density of Crabholes

2The number of crabholes per z was not obtained at the sampling period

5 weeks after spraying for any of the plots. The clear cut plot had 14.9
2

crabholes per m at 20 and 33 weeks. The control plot had 14.2 and 15.5
2

crabholes per m at 20 and 33 weeks, respectively. The plot sprayed with an
2

estimated dosage of 1 1/2 gallons per acre had 6.8 and 13.1 
crabholes per m

at 20 and 33 weeks. The plot sprayed with an estimated dosage of 3 gallons

per acre had 13.2 and 10.- crabholes per m 2 at 20 and 33 weeks. The plot

sprayed with an actual dosage of 2.2 gallons per acre had 12.5 and 14.0
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TABLE 1

Ddns, ty*of 3reen leave3 and yellow leaves
per m2 followln; aerial application of rorlon 101

*• Number of grqen Number of elow
* leaves oe,- m- leqves ne. -

Weeks after
sbra7in- 4 20 23 Ul

Clearcut plot 0 0 0.4 0

Control plot 0.5 0.6 0 20.2 1.2 2.7

Spray plots
lj gallons per
acre(estimatei) 31.4 0.1 0.1 104 3.3 1.8

/ 3 gallons per
acre(estimated) 29.0 10.8 0.1 141 0.5 0.1

2.2 :gallons per

acre (measured) 75.8 0 0 304 0.4 1.0

* Densitie2 In each plot are based on an average o 13 samplin- a: eas
of 0.4 m each at 5 weeks and of areas of 0.77 m each at 20 Tii 33
weeks.
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2
crabholes ppr m at 20 and 33 weeks. These results are given in Table 2.

Density of snails

The number of live snails were not counted at the 5-week interval

in tha clear cut plot but at 20 and 33 weeks the clear cut had 5.1 and 13.8
2

live snails per m , respectively. The control plot had 38.1, 66.0, and
2

.38.4 snails per m at 5, 20, and 33 weeks, respectively. The plot sprayed with

an estimated dosage of 1 1/2 gallons per acre had 74.7, 68.2, and 54.8 snails

2
per m at 5o 20 and 33 weeks, respectively. The plot sprayed with an

2
estimated dosage of 3 gallons per acre had 45.5, 56. ) and 3.2 snails per m
at 5, 20, and 33 weeks. The plot sprayed with an actual dosage of 2.2

2
gallons per acre had 77.7, 15.7 and 15.5 snails per m at 5, 20, and 33 weeks.

Density of Live Seedlings

2The clear cut plot had 0.6 and 0.8 red mangrove seedlings per m at 20

and 33 weeks. The number of black mangrove seedlings was 3.3 and 2.3 m2

at 20 and 33 weeks, respectively. The control plot had no red mangrove

seedlings at 5 and 20 weeks but had 0.2 per m2 at 33 weeks. The number of

black mang--ve seedlings in the clearcut plot was 0.8, 0.6 and 0.3 at 5, 20

and 33 weeks. The plot sprayed with an estimated dosage of 1 1/2 gallons

per acre had 2.0, 0.2 and 0.5 red mangrove seedlings ard 3.7, 2.1 and 2.2 black

mangrove seedlings at 5, 20 and 33 weeks, respectively. The plot sprayed

with an estimated dosage of 3 gallons per acre had 2.0, 0.4, and 1.7 red
2 2

mangrove seedlings per m and 7.3, 4.9 and 2.9 black mangrove seedlings per m

at 5, 20 and 33 weeks, respectively. The plot sprayed with an actual dosage
* 2
of 2.2 gallons per acre had 2.8, 2.5 and 0.5 red mangrove seedlings per m

and 4.4, 1.8 and 3.2 black mangrove seedlings per m2 at 5, 20 and 33 weeks.

K , Density of Dead Seedlings

No Jead seedlings were observed at any time in the clear cut plot and

also the control plot. The plot sprayed with an estimated 1 1/2 gallons per
2

acre had 0.6, 0, and 0.4 red mangrove seedlings per m and 2.0, 0.5, and
20.5 black mangrove seedlings per m at 5, 20 and 33 weeks. The plot sprayed

with an estimated 3 gallons per acre had 0.3, 1.1, and 0.5 red mangrove
2

seedlings per m at 5, 20 and 33 weeks. The plot sprayed with an actusl

dosase or 2.2 gallons per acre had 0, 1.8, and 0.3 red mangrove seedlings

//,
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TAbL4 2

Denskty OF crabholes ani of the coffee shell
snail iela-rus ccffeus fg1lowin3 serial
application of 'orion 1D1"

Numbr of -abholes Numbe' of nails

Weeks 3fter
spraying 2_ _. .3.. 2 33

Clearcut rlot --- 14.9 14 9 --- 5.1 13.8

Control plot --- 14.2 15.5 38.1 66.3 38.4

Spray plots
lj gallons per
acre(estmateie) --- 6.8 13.1 74.7 68.? 54.8

3 tallons per
acre(estimatei) 13.2 10.7 45.5 56.6 3.2

2.2 3allons per
acre(measurel) 12.5 14.0 77.7 15.7 15.5

Dei qities in e~ch plot are based on &-a average of 10 s~mplln3
areas of 0.4 m each at 5 weeks and of areas of 0.?? m each
at 20 and 33 weeks.

. ..3. , ;



271

P. s C4

I a l

H0 0

o C) 00

0) 0 C44 a,

44 0.-c

~-4 -4 f

04

CI-

-40J
coF. 00r

a)'.-
4 -4

'2~~ 0 N c ..

d) cc

(4 4_41 r.. 0 -44
4J4 ~ 0 A 4, 4.

4j r- r.. -

.14 14i

0 0 o. 4 - 0CV
-co



272

2 2
per m and 4.7, 0, and 0 black mangrove seedlings per m at 5, 20 and 33 weeks.

Study of Red Mangrove Growing Tips

The plot sprayed with an estimated dos .. of i 1/2 gallons per acre had

50 young red mangrove trees with at least one live growing tip out of 84 trees

that were counted, The rest of the 84 trees had no live &rowing tips. The

count was made at 33 weeks. Tie plot sprayed with an estimated 3 gallons per

a.re had 45 trees with at least one live growing tip out of 109 trees that

were counted at 20 weeks and 56 out of 74 counted had live growing tips at

33 weeks. The plot sprayed with an actual dosage of 2.2 gallons per ar:re had

43 trees with at least one live growing tip put of 107 counted at 20 weeks and

92 out cf 158 counted hW' live growing tips at 33 weeks. The plot sprayed with

an ac-:al dosage of 4.25 gallons per acre had 144 trees with at least one live

growing tip out of 236 trees that were counted at 15 weeks and 134 out of 177

had live growing tips at 28 weeks. The plot sprayed with an estimated dosage

of 6 gallons per acre had 59 trees with at least one growing tip alive out of

195 counted at 15 weeks. The plot sprayed with an actual dosage of 2.4 gallons

per acre had 53 trees with at least one live growing tip out of 224 trees

counted at 15 weeks. No counts were made for these last two plots at 28 weeks.

Figs. 2 to 5 are maps of each of the first spray sites and a control

site showing the mapped azeas and the identification of the tree species along

with the diameter of each tree. The data on the maps are summarized in Table

5.

Discussion

Table I shows that the effect of the herbicide application is to cause

early abscission of leaves while they are still green. The highest number

of green and yellow leaves lying on a square meter of forest floor occurred in

the plot sprayed with an actual dosage that averaged 2.2 gallons per acre over

the canopy. One reason for this may be that the actual dosages received by the

other two plots may have been much less than the levels desired. Another

possibility is that the other two plots haie a greater number of black mangroves

than red mangroves. The plot with an estimated dosage of 1 1/2 gallons per

acre was 76% black mangrove (Fig. 3) and the plot with an estimated dosage

of 3 gallons per acre was 60' black mangrove (Fig. 4). The plot with 2.2



273

TABLE 4

Effect of aerial application of Torion 101
on the growing tips of ihizophora seeilin~s

Number of seedlings Number of seedlings zatio of
with at least one with no llve'3rowin4 live to____ve__r_______________ Iea I

Weeks after

Spray plots
li gallons per
acre(estimatei) 50 - 34 --- 1.47

3 gallons per
acre(estimated) 45 56 .64 18 0.70 3.11

2.2 gallons per
acre measure,) 43 92 64 66 o.67 1.39

4.25 gallons per
acre(measurel) 144 134 92 43 1.56 3.12
6 gallons per

* acre(estimate.) 59 --- 136 0.43

2.4 gallons per
acrefmeasurei) 53 171 --- 0.31

II
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Legend to Figures 2,3,4,5

o Live Rhizophora mangle

0 Dead itt

a Live Axicennia nitida

3 Dead

S Live Laguncularia racemosa

S Dead
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Table 5

Composition of Mangrove Forest at Herbicidc ZEperiment Site
on Marco Island Prior to Spraying

Control Plot Spray Plots
Measurement 1 1 2 3

Numoer Rhizophora mangle

Live (diameter < 1") 0 13 41 45
Dead 19 9 13 9

Number Avicennia nitida

ive (diameter <1 1") 150 41 63 14
Dead 50 31 43 3

Number Laguncularia racemosa

Live (diameter < I") 0 0 1 5
Dead 0 0 3 4

Percent dead to total standing 31.7 t42.5 64 20
trees
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gallons per acre was only 22% black mangrove (Fig. 5). In this study the

first trees to be completely defoliated were the white mangroves

(Laguncularia racemosa). Red mangroves were also very susceptible to

herbicide but loss of leaves took longer. The least susceptible were the

black mangro-es which helps to explain the lower leaf counts of the plots

with the estimated dosages.

By the tie 20 weeks had elapsed th3 number of fallen green and yollcw

leaves on the ground had decreased tO levels equal to or slightly lower than

the control plot levels. The 2.2 gallons per acre plot was defoliated to such

an extent that no green leaves were observed on the ground at 20 or 33 weeks

after spraying. The low values for all of the plots at 20 weeks indicate

that defoliation had progressed as far as it was going to by that time.

One of the fauna occurring in significant numbers in every plot was the

coffee-shell snail, Melampus coffeus. This animal occurs on the forest floor,

on the prop roots, the pneumatophores and the mangrove trees and is a grazer

of detritus and algae in the mangrove community. Although a count was not

made before clear cutting, the counts made after the fact were very low

compared to the control plot. This indicates that the snail has left the clear

cut area for some reason. The same phenomenon was observed in the plots

sprayed with an actual dosage of 2.2 gallons per acre and an estimated dosage of

3 gallons per acre. The plot sprayed with an estimated 1 1/2 gallons per

acre has also shown a decline in the number of snails with time after

spraying but not as noticeable as the other two plots. The reason for this

decline in snail numbers may be due to the presence of increasing amounts of

solar radiation reaching the forest floor. This would have the effect of

heating the watev and the soil to temperatures that are too high-for the snail -

to tolerate. The question that arises here is whether the snails leave or do

they die.

Another animal that is commonly found in mangroves is tbe fiddler crab which

is represented by many species in the genus Uca. Fiddler crabs dig burrows and

so to obtain a rough estimate of the numbers of fiddler crabs the number of
2

crabholes per m was counted in each plot. Table 2 shows that there is very

little difference in the number of crabholes as the time after spraying increases.

The validity of using this technique as an indicator of crabs present is

questionable. Obviously, the presence of a hole is not a positive indicator

that the crab is still there. However, based on the available data it does

not appear that elimination of the canopy significantly effects the fiddler

crab population in the sprayed and (-ear cut plots.
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Table 3 aho.s thac the overall effect of spraying was to dtcreas, the

number of live eed!ings as the time after spraying increased. nother cause

of seedling deat. was probably from the many investigators walkiig III Lhe

plots. Alhougb thr ni .r of live red and black mangrove seedlings decreased,

the num:er of d-:td re ?,. black mangrove seedlings did not correspondingly

increase ve -roh. 7o '.screpancy here may be due to the sampling

technique. D'ffe,'ent .i .is 4.ere sampled at each sampling period after spraying

aid there may be ii'ue L.. ntentional bias entering in here. Dead red mangrove

seedlings do ar;ia tj ,,rease in two of the three sprayed plots and remain

reasonably const- . in L.. c€her plot.

Because no de. .ni.e conclusion can be made as to why live seedlings are

decreasing and dead bla k mangrove seedlings are not correspondingly increasing

but are instead decreasing, another means of measurement was devised to find out

if the herbicide was influencing seedlings. The number of seedlings with at

least one live growing tip were compared to those with no live growing tips.

Table 4 shows a column indicating the ratio of seedlings with at least one

growing tip to these with no growing tips. In every spray plot where two time

periods have been observed this ratio has increased. The significance of this

is that those seedlings with no growing tips are beginning to recover from the

spraying. The dosage in the understory where these seedlings are found was

found to be about 0.5 gallons per acre when measured. The effect of the

herbicide in many instances was to kill the growing tips but not to defoliate

the older leaves. Apparently this has enabled the young mangrove trees to

recover. An effect of the herbicide is noticeable by the occurrence of zhe

new groith comirg out a side shoot rather than its normal position which was

killed by the herbicide.
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10. Section in Part A Based on Fla-NAS Contract

The following is the section prepared for Part . of the report to Congress and

Committee approved July, 12. 1973. It summarizes some findings of the contract.

VIII. EFFECTS OF HERBICIDES ONECOSYSTEMS

The NAS Committee was asked to: "Investigate the ecological and physio-

logical effects of the defoliation and croo destruction programs in SVN."

Results and conclusions of greater or lesser degree of confidence, dependent on a

variety of factors, flow from such a study. One caution in interpreting such

a study is to avoid the common tendency to assume that all changes are effects

only of the impact of the agents (herbicides) being studied. Such an interpreta-

tion would be inappropriate in this case since it it known that many changes

were taking place independent of herbicide sprays in the period since 1962.

Another common error is failing to consider secondary interactions, fee!uack

actions and time delays. To recognize and evaluate such complexities while

visualizing the relationships of man and nature in overview, systems diagrams

are helpful. For example, a simplified overview -f Vietnam's energy basis is

drawn in Figure 1. This diagram shows the actiG., ot war and herbicide accelerat-

Ing recyclic reuse of disordered lands, building materials from damaged tovns,

displaced populations, and nutrient chemical elements. These are all parts

out of which new order is generated when they are fed back to stimulate re-

growth, interacting with energy sources available for reconstruction. Quan-

ritative evaluation if the rates gives perspectives on what is important, and

computer calculations are used to show cumulative effects.

The defoliation and crop destruction programs in SVN had undeniable

ecological, physiological, social and economic impacts. Similar effects from

-different causes are present in many areas of the world including Vietnam.

In Vietnam, as a result of the war, there wer -!sive social and economic

changes associated with the transformation of the economy and movement of
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peoples; there were vast areas exposed to destructive forces of h.'ibing aind

shelling. The impacts of defollation and crop destruction must be considored

and interpreted within this context. The relative magnitudes of compoei:t

sourcef, of impacts must be cuns£dered in order to maintaia an overall persvec-

tive.

Large scale systems of man and nature such as inland forest, mangrove

forest, agricultural Lountryside, and urban areas undergo continuous processes

of construction, self maintenance, and reconstruction that tend to increase

or replace the amount of organized structure in the form of, for example, human

settlement, trees, soil, or wildlife. At the same time there are natural

tendencies for structures to detariorate with time. There are also upecial

disruptive proe6ik iuch as earthqelakes, hurr..canes, and war, ialclding,for

example, the defoliation and crop destruction programs.

Viewing Vietnam's processes as a whole assists in gaining insight into the

relative magnitude of any one disruptive process. One way of doing this is

to combine understanding of relationships in ztmplified systems diagrams like

that in Fig. 1. Simplified summarizations are sometimes called models. Dia-

grammeing and quantitative evaluating of the pathways of causative action are also

a means of recogrizing and presentir mathematical relationships, which can then

be combined in computer calculations to make predictions as tu the effect of

assumptions used in simplifying the diagrams and the data uRed in writing the

mathematical equations. Along with human intuition and judgment the "systems

modelling methods" have been demonstrated as a useful tool for obie :tive fore-

casting of the relations of parts of the envirorment to show consequences in

time of their interacziors. In our study several models and computer simulations

were made including the conditions of temperature affecting mangroves in bare

mud microhabitat (See Part B), the flows of nitrogonand phosphorus affecting

the reforestation in the R-ung Sat estuary (Fig. 2), the effect of seedling
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supply and wood c'ittirg on mangrove reforestation (Fig. 3), and the impact of

herbicide on the overall energy budget of Vietnam as a whole.

Herbicide and Other Effects on the Mangrove Ecosystem

Particular attention was given to the mangrove forest because the mag-

nitude of disruptian by the defoliation program was obviously greater than

for other vegetative tyres, and because the most affected mangrove area (the

Rung Sat) was available for field study to obtain basic information used in

the systems model.

Before herbicide spraying (1958) about 51 percent of the Rung Sat was

mangrove forest. The rest was water (22%), bare soil, brush, and agriculture.

The fish and shrimp food chains in the waters were receiving organic

matter from three sources: (I) three inflowing rivers, (2) the mangroves, and

(3) photosynthesis of phytoplankton. The vigorous eight foot tide was ex-

changing the estuar!ne waters with the South China Sea every few ddys. Oxygen

levels in the water were apparently between 5 and 6 ppm, which is slightly

below saturation as expected where there is much consumption of organic matter

ir'lowing from rivers and swamp. Acidity was in the xange of pH 6-7 in low

salinity zones, grading to the usual 8.2 in the open sea. There was a fishery,

using non-mechanized means by p,:ople in the mangrove areas. Waters were slight-

ly turbid as characteristic of a river delta region.

Data available before spraying were used to make some inferences on the

estuary and some inferences were made by a comparison of the waters in defoliated.

and non-defoliated sections of the Rung Sat.

After spraying, and as examined in 1972, defoliation and other changes due

to war such as increased river traffic, dredging, and more use of motorized

fishing vessels had affected the aquatic ecosystem in several ,-rs. Increased

turbidity of water due to ,rganic detritus from decomposing mangr-ve and greater



siltation contributed to Oecreased phytoplankron jhd zooplankton, thereby lower-

lag oxygen levels to betw-en 3 and 4 ppm. There ts no significant change in

pH during this neriod. The total, fish catch p.r it effort of fishing vessel

declined confirming information from interviews that stocks were

down. Since motorized fishing has been introduced we do not know what part of

the decline In fish catch per unit effort was due o overfishing, to loss of

mangrove habitat, increased water turbidity, or other factors.

Because some of thz foods for aquatic life in he estuary are being sus-

tained by decomposition of the residual sprayed man roves a continui:ig decline

in this fraction of the cstuary's nutritional statu is anticipated. f there

is a delay in recol nization of the F.-a.grove area, there may be a delay in

restoring the mangrove component to the fishery fook chains. However, the

fraction of detritus that comes from the rJ.'er is not expected to change much,

and phy'toplankton contributions may increase again as turbidity decceases.

One major impediment to recovery of sprayc2 mangrove forests is the avail-

ability of young trees. Some mangroves, e.g. RhizoThora reproduce by means of

large seedlfngs which do nt drop from the parenit tree until they are 8 inches

long or more, others by nut-like fruits, e.g. Avicennia. In all types of man-

grove the seedlings or nuts float and are dispersed by tidal water. In Rhizophora

because the seedlin~r are large, relatively few can be produced by a tree in a

year. In managed Rhizophora mangrove forest recommended practice for artificial

regeneration is to start two seedlings per square meter. See Table 1. In the

Rung Sat, few trees remain that are capa'le of supplying the qv'%'2.tyof seedlings

or fruits required for early regrowth. Cutting for firewood is now concentrated

in the small area of remaining mangrove so trees are kept scribby with few large

seed-yielding trees left. Only trees on the edges ofi water courses release a

significant number of fruits or seedlings into water for distribution to bare

areas. There is also a large mortality of fruits and'seedlings between the

time of release and establishment of a sapling tree.

f{
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Table 1

Seedlings Numbers for Reforestation of Rhizophora

Data on Seedlings Seedlings per Acre

Recommended planting for reforestationA  8,000

Now sprouting in central Rling Sat by 1972b 65

Number produced on an acre of larger, well-
nourished treesc 28,000

Number survivlng within a scrubby, cut-over
furast in Vietnamd 14.400

Number reaching open water from seed source
arease 450

Number colonizing bare areas by
calculation f  12

Computer Simulations (See Fig. 3)g

Number of seedlings starts from outside
that must survive each year to achieve full
canopy in 50 years 15

Number of seedlings starts from outside
that must survive each year to achieve
full canopy in 15 years 75

I
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Footnoteg to Table 1

a Moquillon (1944), Noakes ( 1955).

b Counts of seedling in 50 ground photographs taken in 1972.

c Counts from Puerto Rico. Florida and Vietnam.

d Counts at Vung Tau, March 1972.

e Seedlings produced on the edge of tidal canals where ratio of canal

margin to swamp area is about 2 m/lOO/m 2 and 83 seedlings overhanging

per meter of canal per year; seedling area 100 Km2 (Rookery. Bay, Florida).

f One-quarter r'!aching ba:e areas and 10 percent of these surviving,

g Assumes seedlings are introduced fromr outside each year, and that the

stated number of seedling! su.rvives at least to the end of the first

year, theref-re to be subject to normal mortality. Regeneration will be

to an extent determined by land uses.

//
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In the central Rung Sat, the nuw±:r of seedlings becoming established is

only a tiny fraction of that required for rapid reforestation. Table I has

Sj,;..a _t au. , nrs un seedling sources and needs. A model of relationships

of some main factors is given in Fig. 3a. Computer calculation of the seed

.production and distribution, seedling mortality, tree harvest and other

factors shows that if seedlings are not supplied and if wood cutting of seed-

bearing trees continues the recovery time may be _s long as 120 years. See

Fig. 3b.

100 years could be saved by aerial broadcaat of 1000 seedlings per acre,

for 150,000 acres, or 150,000,000 seedlings. This would require the annual

seed yield-of 5,000 acres of mangroves broadcast over the bare areas' of the Rung

Sat. These calculations are based on aerial planting studies that suggest 10

percent survival of seedlings. If survival is less, more seedlings are required.

If planted by ground labor, fewer seedlings would be reillired.

There was greater seedling survival in shaded spots than in areas exposed to

full sunlight and drying, where mud temperatures reach 1040 F. and briny condi-

tions and compaction have developed as a result of defoliaiton on higher grounds.

One question that arises in any reforestation problem is the availability

-of plant nutrients, especially-phosphorus and nitrogen.- Defoliation was often

followed by woodcutters who completely removed the woody parts of the mangrove

trees, so that nutrients in the wood were removed from the system. Soil studies

indicate this is a small fraction of available nitrogen, but for phosphorus it

can be a larger fraction. However, the amount of phosphorus stored in mud and

coming into the Rung Sat from the riverflow each year appears to be more than

ample to supply the quantity required for reforestation. Note quantities of
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phosphorus and nitrogen in leaves and wood in Fig. 2 as compared with that in

mud and flowing in from the river each year. The measurement made in ou. sampling

in sprayed areas showed adequate phosphorus held in soils. Thus,

nutrients do not appear to be nearly so limiting as is seedling availability.

An Overall Energy Evaluation of Herbicide Impact

Viewing Vietnam's processes as a whole assists one in gaining insight into

the relative magnitude of the main disruptive processes 'hich are included as

pathways of material and energy flow in Fig. 1. One way of doing this is to

tabulate all of the main energy flows, constructive and destructive, those of

nature such as the sun, and those of the cities such as fossil fuels. Energy

of low quality such as sunlight is expressed in equivalents of chemical potential

energy after the sunlight is transformed by photosynthesis. Exprzssion of high

quality energy such as work of human labor and urban technological economy is

expressed in cquio.lents of fossil fuel required to generate this work.

The energy cost accounting method was used to estimate-overall impact of

military use of herbicides in South Vietnam. Energy effects produced by herbicides

directly and indirectly were compared with the total energy budget of all SVN.

The best data available to us for calculdtion of an energy budget are given in

Tables 2 and 3. Thesc data were used to construct a diagram of energy flow

(Fig. 1) which shows the direct and indirect effects as they were used in ca2-

culations. .

Figure 1 shows that the main inflows to the country are purchased fuels,

military import of fuels, energy in rivers and tides, gross photosynthetic

productiou {n agiiculturc as stimulated by hutana activiLies using puieased

inputs, and the very large photosynthetic production in natural vegetation,

including upland forests, mangroves, and the coastal waters.
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Table

Annual Energy Budget of Vietnam in 1965 and the Impact of Nerbicide

i

12 iEffect of Herbicide.. .. ... . 101 Million . ... .

Kilocalories Dollars Intelrupted +
Item Per Year Per Year Ener Pet Year Percent

Equivalent* 1 lkcal/y Change

Human Settlement (fuels)a 101 7,230 2 -2

Agriculture 128 9,140 2.5 -2

Inland Forest 1460 104,200

Area Sprdyed Once (1 .2 %)d 5.8 -0.4

Area Sprayed 2 Times
or More (0.7%) e  

5.3 -0.2

Mangroves- 61 4,360 4.9 -8

Estuarine Ecosystem Production 29 2,072 1.8 -6.6

Energy in Riversh 644 46,000 0 0

0 0
Tidal Energy 152 10,860 0 0

Chemical Energy in Runoff j  119 8,510, 0 0

Thermal Heatingk 1680 1 2 0 ,qO 0  0 0

- Wind Absorption 52 3,720 0 0

Total 4426 316,000 22.8 -0.5

.)
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Footnotes for o2

14,000 kilocalories of 'hemical potential energy was estimted to be

processed as work per dollar circulated.

+ Total spray acreages for five years of spraying were divided by 5 to

obtain annual values of herbicide disruption.

a Sum of purchased and military fuel imports. Purchased fuel imports were

estimated as 103 metric tons and converted to calories of work by multi-

plying by 106 grams per ton and 10 kcal per gram. M-litary fuel imports

were estimated as 108 barrels per year and multiplied by 106 kcal per

barrel. Fuel use waa estimated as disrupted 1.97 in proportion to 1.9%

of the laLd area sprayed affecting human activities for the year.

b Chemical potential energy entering the system each year as agricultural

production was estimated by multiplying agricultural land (8 x 106 acres)

by 4 x 103 to convert to square meters and by 40 kcal/m 2/day of

estimated gross photosynthesis and by 100 days estimated as the time crops

were in leaf each year. Two percent was estimated of this area

disrupted per year during spray years.

c Chemical potential energy entering the system each year as gross photosyn-

thesis of inland forest lands was estimated by multiplying area of

vegetated lands_ (2.5 x107) areas by 4 x 103 m2/acre to convert to square

meters and estimated averages, and then by hot synthetic rate includinr;

dry season (40 kcal/m 2/day) and then by 365 days of green cover to obtain

1460 x 1012 kilocalories per year.

d Herbicide disruption per year on single sprayed areas was estimated as

defoliation of half of the leaves for half of the year on the 1.4% of forested

land sprayed once per year.
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e bisruption on area sprayed twtce or more was estimated as fifty perccnt-

cf .7% of the forested area Lnrayed more than once per year.

f Chenical potential energy contributed each year by mangrove pliotosyiithsis

was estimated z.9 the number of acres (0.7 rc 106) multiplied to convert to

souare meters (.4 x 103 m2/acre), multiplied by photosynthetic rate

2(60 kcal/m Idniy) and multiplied by 365 days p,-r year to obtain 61 x 1

kca i/year.

Herbicide interruption was estimated to be half of the area of mangroves.

g Chemical potential energy from estuarine photosynthesis was omtdas the

product of the area (106 acres), converted to square m~eters (4 x 1- 3 Z/acre),

the estimated photcayrthotic ra.te (20 kcal/m 2 day usiz., valups from Galveston

Bay which has similar turbidity) and the number of days p 'r year (365).

Interruption due to herbicide was estimated as that part of the estuary

within the herbicided area (about 33%).

h Energy in rivers was estimated ae the potential energy against gravity in

the annual rainfall (2m x 1.72 xtoll squa~re m in RVN) which is the

*volume tires averaZ;: height of MN (800 m) times density of freshwater

(103 kg/in3 times the acceb-'-aticn of gravity (9.8 m/sec2) -nd multiplied

by 2.39 x to convert C,'c7 joules to kilocalories.

i Tidal ener, was timacd - as the potential energy of coastal water elevated

and then absorbed in frictional work. Energy was estimated as product of

water .volume estimated area of 1.45 x 1010 m2 timca the height of the tidal

range each '4av (6m including two tides per day)], the number of days per

year (265), the average height zf If ftin~r water against gravity (2m), the

density of water (1.02 x 10 kg/inl,, the acceleration of oravity (9.8 m/sec)

and conversiun frcm joules to kilocalories (2.39 x 10 -4

j The chernical potential ene--y in 1/3 of rain reaching sea in rivers reacting
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mulciplie by the moles o)f water flowing per year (w-to wei;ot

by the molieculqr weight, 18). Water was estir-,ated as 2w t.cs arc,

(1.72 x 10 I i m2 ) times 1/3. Change in water concentration in jolnir,;

the ska is that of a chemical from fresh to sea water C, = .1,65 and

C1 - 1, R is gas constant(1.93), and temperature is 300%Ki aid AFo' = .

Wind energy generatd by temperature gradients generated b sun's hc,,ti g

and that due to downward diffusion of wind into the air space tha l- m

be counted is part of the country. If the heat gradient. (LT) genrat:Ad

between land and air is maintained at 20C the potential nn v available

to tmospheric heat energies is the product of the Carnot ratio and the

Kelvin temperature (3 0 0 *) and the total heat fLIX generated in absorbing

the sun's energy (4,000 kca]/m2/day times area 1.72 x 1011 r,-) times

365 days.

The energj from wind eddies that are externally gener-te, was estimated

as the kinetic energy at 30Cm times the eddy diffusion coefficient

(104 cm2 /sec) transferring mcmentum du.riward where it is absorbo-d in
/

stirring the lower layers. The kinetic z -.ioc ccrtimcter is the

product of half of the mass (ai'r density '0-3/c- 3 ) time3 the square of

the velocity (444 cr/see) and the gradient is obtained by div;Iding by

height of the layer (30,000 zm). Fc. the whole count-y, multinly by

area (1.72 x 1015 cm2 ) To convert ergs to kilocalorles multiply by

2.39 x 10
- 11 and for a year 3.15 x 107 sec'vr.
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Table 3

Cumulative Disruption Estimated 1965 Through 1985a

Disruption Assumed Lerg:h Cumulative Effect of1 Cumulative
Per Yer r of Time Eoergy Disruption on

(Se2 Table 2) of Disruption Disruption Total Energy
Item 1012 kcal/vr Years 1012 kcal Economny+,- Percent

HUTATI Sett]Ec-ent ~ 10 1 10 .r

Agrfcul ,,,reb 12.5 1 12.5 UU

Inlanci Forest

Once c 29 0.5 7 0.U2

Sorayed Tw4ice or Mored 29 10 ',18 U.bl

~i~nrove e204 245 0.b9

Estuarine ProdictionF 9.66 5 2.2.5 0.06

Tota1 515 14

'ootnotes to Table 3

a Estinuated as the energy disrupted times th- number of years disrupte.

b Pisrujptiun was estimated as that in Table (1.9% if the area for one year)

times 5 such yearL.,

c Disruption was estira-ed as half of the p~oduction ir Table 2 of area __

sprayed once (1.2%) times half of a year.

d Disruption estimated as 3/4 of the production in Table of area sprayed

'twice (0.7%) times 10 years.

e IDIsruption wi esti~rated as half of the production rate in Table 2 of the

area spravyed !517%) for 20 years.
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f Assumes a seeding program to supply seedlings to bare areas.

g Disruption based on half of the production in Table 2 for the area

sprayed (1/3) for five years during period of decay and dispersion of

turbidity.

h Total energy budget in Table 2(1780 x 1012 kcal/yr) times 20 years

equals 35,600 x 1012 kcal.

I!
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For that part of the system that has money exchange for value received

one may list both money and energy budgets per year. These Pre pathways in

Figure 5 that have a solid line (energy) and a dashed line ($) runrning in oppo-

site direction as payment for the work done. (Work is useful energy ipplication.)

For these parts of the economy, it is possibl , to calculate a ratio of money

to energy flow which in SVN was about 14,000 kilocalories per U. S. dollar. Thus,

if data for some part of the economy are in dollars one may estimate roughly the

kilocalories of work done all through the economy in supJort of that work.

One may use the energy to dollar ratio in a reverse way to show money equiva-

lent to the energy provided by nature in tides, ecosystems, photosynthesis, and

other work for which there is no exchange of money. In Table 2 the second column

has some dollar equivalents calculated with the energy/money ratio to give an

appreciation of the amount of work provided by nature, which we often regard as

"free." Agriculture gets part of its energy from the work of nature free of

money charges so that its total dollar equivalent is larger than the money that

exchanges in agricultural sales.

In the Lhird column of Table 2, the impact of herbicide on the energy

economy is given for one year as best we can estimate it from available data.

Column 4 has the percent change due to herbicide. The total change estimated

for herbicidal effect is U.5 percent of the total energy budget for each of

the years 1965-1971.

These calculations do not indicate whether a change is good or bad. For

example some who advocate that mangrove lands be used for rice believe that

mangrove clearing is good, whereas others regard the mangrove interruption as

a loss. It depends on what land use is intended in the future. There is also

the energy value of ships to and from Saigon not sunk because of clearing the

mangroves.

The herbicide diaruption was estimated in Table 2 for one year. The

total effect depends on the time required for recovery. If energies are

\A
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available for reconstruction restoration may be rapid. The creation of dis-

rupted lands stimulates the recovery of these lands since they are susceptible

to reorganization by new energy flow, In the mangroves special factors of seed

shortage delay recovery. In Table 3 the time for restoration of the canopy is

used to estimate the cumulative effect.from time of spraying until recovery of

photosynthetic activity. For inland forest and agriculture defoliated after

one spraying this has been assumed to be one season or less since only part

of the canopy was defoliated and most trees have enough reserves to refoliate i

once. For mangroves restoration of canopy takes much longer.

The duration of mangrove interruption depends on delays tn a decision of

whether to add seedlings or put the land to another use. The interruption

that is attributable to herbicides is calculated to the present. Future de-

lays in making a decision way result in a delay in attaining full productivity of

the Rung Sat, but productivity losses due to delays in making a decision cannot

be necessarily attributed to the herbicide.

The model in Figure 1 was simulated cn computer to obtain curves of over-

all value in energy units during the period of recovery, a time when other 0

energies were also varying due to the war. Figure 4 shows one of the computer

grape suggesting the overall shape of interactions with and without herbicide.

For t assumptions made about the factors controlling growth and for the data, ,

used e graph shows future patterns in Vietnam with and without the herbicide

ef. forij.

In the last column of Table 2 the time of energy interruptions was com-

bined with amount of energy interrupticn per year to obtain an estimate of the

overall cumulative effect to 1980 on the energy budget of SVN. This was shown to

be 0.6 percent. An analysis of the entire system shows that the largest energy

input of the defoliation program has been the destruction oi ,.-ngroves. If

during the same period the energy increase due to U.S. aid were esti:scted at

500 million dollars per year the effect in increasing energy value would be

-
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12
about 1.7 percent of the 20-year energy bud--t of 81,180 x 10 kilocalories

(based on a conversion of 14,000 kilocalories per dollar).

£4


