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ABSTRACT
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Thia”is's;final report of a contract between the Systems Ecology group
of Envitonméntal Engineerins Sciences and the National Rescarch Council for. -
‘developfag'data models and simulation of herbicide, mangroves, anﬁ‘the relative
role of these In the overall energy syatem of Viet Nom at war, Work started
with a special conference on mangroves and models in June, 1972 from which a
work plan evolved for models of recovery of mangroves of the Rung Sat district
and a vigit by H. T. Odum to Vung Tau. Simulst;ons of the Rung Sat eystem
showed serious delays in mangrove reforestation possible from sced shortages
and shortage of seed trees due to high levels of wood cutting and extensive
defoliation. Data on seedlings end other parspeters from Viet Nem were
supplemented with data from south Floridm, where H. Teas conducted a herbicide
spray test on Harce Island. 1Modela of nutrient balance showed that loss of
wood and leaves due to spraying removes a large fraction of availsble phosphorus
but not a large fraction of available nitrogen. However, annual river flows in
the Rung Sat situation bring in encugh phosphorue for regrowth so that nutrient
limitotions do not szem to be limiting reforestation.

Under a subcontract extending therigl studies déne 1nlrlorida. modelling
Initiativo of the systems ecolegy group at San Diego, Californila ghowed high
surface ﬁud temperatures and desalcatfon potentially inkibitory in wuch of the
daforasted mangrove area. Poor survival of planted seedlinge in unshaded mud in
Viet Nem auggeit possible importance of these factors. .

~ 8imulations of two simplified models of Viet Nam so a whole suggest a pulse
of overall war disruption followed by a ttimuiated recovery, the enargy lose
during a 20-year period being aibout 1X. Pérspective from comparing energy flows
showed an impact of herbicide as 2X af the energy budget of Viet Nam in years of
spraying, a greater gffect than the reat of the war's d:l.srnptiony?\ -
Thus models and measurements were used to estimate relative factor magnitudes

and times of recovery and to show pergpective of the herbicide spray in the

overall pattern of Viet Nem.



INTRODUCTECN AND PROJECT NARATIVE

Systems modelling snd energy perspeétives evaluations were needed by
the National Research Council Committee for the Evaluation of Herblcide
in Viet Nam for severai purposes and a contract was arranged for the work
to be done for thcae purposes:

1. Since wmedelling and simulation Is reparded also as a research
planaing tool, our contract activity was also directed at clarifying
qugctlons, acamin. knowledge and concepts among speciallsts concerned with
mangroves and war models for the general input to the main committee. Thus,
88 contracted, a mangrove modelliing conference was held In June, 1972 from
which a number of special questions and needs vere railsed concerning planting
of mangrove seedlings further testing of the sensitivity of mangrove communitiles
and thelr roles following herbleide action. The results of the conference
discussions, the additional litervavure search, the field data and the
suggestions derived from planning models were fed back to the various
deliberations of the main cosmittee.

In the work with wmodels a language of energy symbols was used. See
Fig. 1, These are used to express differential equations, See alao Odum, 197L.
For exsaple, the qualitative model in Fig. 2 was drawn to summarize committee
discussions of important foctors at a Puerto Rico meeting,

2. In the early examinati.n of the quastions sabout herbicide action,
a special problem was identified in the wangrove districts as represented by
the gggglggg gouth of-Saigon(Pis- 3}, Here, the ground was fémaining almost bare and
vegetation did not ceem to be coming back very rapidly. The comnittee arranged

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

yarioua hypatheses for the alow recovexy. Among the possible limitatfons to
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regrowth were microclimate, adequacy of seed source from remaining trees
in the district, and adequacy of nutrients for plant growth. These are
quantitative questions for which models may show perspective and simulations
of the models show the ultimate congequences for varlous alternative factors.
In the work of this contract mangrove models were developed and simulated with
special attention to seed source, nutriemts, and wood cutting of potential
seed trees. Some field measurements were made in Viet Nam end in Plorida to
get data for the model. Sections 3, 4, and 5 concern these cbjectives.

3. Initfal examination of the extent of herbiclde action raiged the

question of the relative importance of country-wide herbicide actions to the

normal processes and economy of the whole country and the relative importamce
of herbicide awong other disruptive asbects of war such as bombs, military
actions, plowing, guerilla activity, displacement of people, ete., If main
relationships could be bhown in a systems model, and 1f the correct orders of
magnitude of energy flow could be assigned to these pathways, then these nimbers
would provide gquaniitative estimates of the relative role of herbicide actlon
at the time of action. If approximate computer simulations were also done
showing the time of disruption and recovery, these quantitative estimates

could be extended to show the overall cumulative effects. The cumulative
effect could be conaidered with and without financial atimylation to the energy
' recovery processes. The general effect of herbicide in defoliating upland
vegetation and stimulating various recovery growths was to be considered in thie
way. Also a model of the whole countfy’s response to war dioruption was to be
conpidered with an order-disorder-sinmulation in which the role of herbicide

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



4. Measurements were made by project personnel to get some numbers.needed
for medels, to utilize comparative situations in Florida, and on one trip to
Vung Tau in Viet Nam. Measurements were made of a herbicide treated mangrove
experiment on Marco Island arranged by Howard Teas and these results are given
in Scetion 3. Other data are included here fn Table 1 ~ 3 on seedllings and
fﬁrest flo.r ch#ractcristics. Phoéphorus data in waters ére given in Section 9.
9. A brief summary of the perspectives developed by the models, simulations,
and model-~based comparative calculations was prepared and worked over by
subconmittees and thon the general cormittee with the result given in Section
10, This was intended £o¥ the Part A to go to Coigress. Unfortunately this wase

deleted by a second review committee who had never seen the detailed Part B.

LY



Table 1

New Seedlings et Vung Tau in Cleared Plot; Transect 100m x 2m
W. Drew, 1972

Numbey
Transect Speciles of Seedifags
1 Avicennia sp. 5 12
Cerlops ap. 545
PFhizophora sp. 23
Othrrs . 29
2 Aviceunia sp. o
Ceriops sp. 408
Rhizophora sp. 56
Others 58
3 Avicennia sp. 6
Ceriops sp. 123
Rhizophora ap. 63
Others 1
4 Avicennia ap. 35
Ceriops sp. 77

Rhizophora sp. 98



Table 2 1o
Counts of 0.5 nz Quadrats in Vung Teu Spray Sites, March 1972
(H. T, Odum, M. Bewton, Nepture, Goss, A. Lang, & others)

Raw Data No. of Yellow & No, of Black Live Crabs Snails seva  No. of Black
Green newly and Brown Seedlings Seen on Grad. or Crab Mangroves
Fallen Leaves Lauvaes {In last Upper 6" of Holes Pneumat~
Quadrat (0lder) Year) Stems Egt. ophores,
1 & 3] ) 2 i 7 1
2 7 1i ) G ¥ -+ 145
3 6 5 0 1 1 11 )
4 3 5 0 1 S >l 2
5 5 16 o 2 4 7 "
& 11 48 o 2 1 29 G
7 2 3 1 0 1 12 U
8 )] 31 3 1 4 22 o
9 4 31 4 4 5 L4 a3
10 2 17 2 0 1 25 z
11 7 14 4 0 10 21 o
12 6 24 .0 0 5 Wi X
i3 3 27 o] 1 ¢ 21 0
14 8 14 11 1 3 22 22
15 7 17 1 3 1 17 31
16) 2 12 6 ] 0 .25 Lo
1?7 7 27 1 0 2 10 15
pELE S 9 0 G 3 21 13
9 4 13 0 3 2 28 -+
20 7 30 7 1 6 18 13
21 13 28 o 0 i 32 27
22 3 1 0 0 4 19 6
23 3 18 0 o 0 33 0
24 2 11 ) 1 0 23 0
25 2 13 0 L] 3 27 4
26 3 28 1 4] 4] 36 20
27 4 20 v} 0 O J9 33
28 <+ 16 ¢ o 1 30 0
29 2 11 0 4 1 32 o
30 3 32 2 2 1 1o o
31 2 27 1 ) 4 17 0
32 1 242 4] ) 2 26 39
34 4 22 2 1 3 A7 0
35 2 27 1 v 0 34 ¢
36 3 8 2 1 .0 24 0
37 4 11 ) 0 0 24 0
is 4 14 4] 1 4 35 L0
39 5 38 10 - - - 0
40 4 15 1 G > 25 0
41 5 21 - ) 4 26 0
42 2 32 3 0 2 9 o
a3 S 11 .2 0 1 25 O
49 0 11 5 G 0 34 ¢



TABLE 3

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

Seedting Lengths, centimeters bry weight of Seedlings, grams

#1 27.6 9.1

#2 1.7 12.6

t3 24,4 7.0

#4 21.3 4.8

#5 25.6 7.7

#6 26.1 11.6

Seedling Counts of Rhizophora Mangle Along the Perimeter of Rookery Bay

Nunber ¢ seedlings o 2 2 ' Overhang, feet 2

102 10,404 [ 36
24 5,476 ? 49
90 8,100 8 64
08 9,604 8 64
8¢ 6,400 7 49
50 2,500 10 160
6 36 10 100
3 9 5 25
32 2,704 2.3 6.25
4 16 8 64
0 0 1¢ 100
0 0 7 49
32 1,024 7 49
14 196 12 144
a8 1,444 15 225
& 16 9 81
4 16 8 64
8 64 20 400
0 0 20 400
0 0 15 225
0 0 20 400
22 484 12 : 144"
18 £ 20 - 400
¢4 196 y =252.8 vy 2%3,302
0 0 i i
12 144 : y ™ 12.52 feet = 3.2 meters
0 o ( )% = 63,756
12 144 STDDEV = 6.4
34 1,15

- ‘ 0
y = 26.1 w?

STD DEV = 32.25 m

nd
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Mangrova-Modelling Conference im Gainesville, June 1972
and Acknowledgements of Collaboration

The mangrove modelling workshop conference was held June 19-21
in Gatnesville with tyravel funds (no honoraria) from the contract.

Several of the participants were paid by their howe organizations.
Iovitations went to those who were doing mangrove . .delling or who were
doing experiments or waking measuremwents of key parameters needed in
modelling such as repreoductlon, seedling germination, herbicide actiom,
etc. We tried to draw rvepresentacives from each on-going mangrove research
activity we knew about.

Each person attending took a half hour to input various data, results,
ideas, queséions bearing on the probleme of herﬁicide and mangrove with
the others participating in vigorous, prabing discubsion. Iun some ways
this was like the main committee dlscussions except that im this group
focus wes on mangroves by people who were mangrove speciasliets,

Unfortunately, the marvelous reworlking of fdeas and concepts did not
adeoquately foed back into the main committee as well as hoped because at
the lant moment Dre. Lang oand Rose had to cancel. Rowever, Teas and
associates were there and Golley sent a representative. William Odum
had been in on the original Moselson AAAS deliberations and was most
helpful in iuntegrating the mangrove-nutyritiona coucepts. Gerald Walah
had potted pangroves under herbicide treatment in Pensacola {(Gulf breeze)
and had special knowledge of mangrove plont phyeiology to draw from. Later
he sent an extennive mangrove biblzﬂgraphy; which he forwarded to the
conzittee office. Gilberto Cintron of the Pucrto Rico state conservation
organization brought much knowledge of mangrove raesponses to dieturbance
and roport of some spraying in Puerto Rico, One of the most active man-

grove research projects 1s that of the Puerto Rico Nuclear Center in



relation to proposed nuclear plants and this work was discussed by
Seppo Xolehminen (asee 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 msin
committee.

The conference in.éfiect organized itself fnto a branch activity with
& plan to the comnittee that would allow them to enlist some of their own
organization's support in & common finterest activity. Unfortunately,
we falled to get anough eathuviasm frou the main committee to do this as
planned although after some delay in initial spraying waa authorized,
with Dr. Teas (rather than the eonference group) providing most of the
coet. In Section 9 Are results of our measurements on the Marco Ieland
plot which slong with the main effort of Teaw halp established the
senaitivity of Americam mangroves te “Agent Oronge”

Linda Lefler contributed & review of mangrove phyafology which
gshe had dona for Dr., Golley., Phil Miller flew in from Alaska and the
discuseione oriented him to the needs so that he could organize his work
48 our subcontractor for aimulation work ip San Diego dome by'Janao
Ehrleringer, In this work Miller's work in sfmulating Florida mangroves
on a Power Corporatlon project made his team ready to consider the
microclimate limitations in sophistication om relatively small funds.
W, Ziepan attended with W. Cdua and has gince on his owm done mangrove
modelling receiving intellectuel stimulus from the conference. It may be
‘desirable foxr the committee to favite him to contribute whataver results

aﬁd insighte may have come from this, E. Kvuenzler of NSF and B, Heald

13
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could not come and several others of Miami Marine laboratory were not
invited because we did not know they were involved. Armando de la Cruz
at Miasiaaippl State had workad in philippines and gave us input later,
J. Lincer was in Florida (Cape Haze) but we didn't know it then.

One of the most pertinent projecte was the Fakahatchee slough
project of §. Snedeker and A, Lugo of Univerzity 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 om biowase and seaedlings. Later M. Sell did a
special simulation on kurricave effecte on mangroves with Lugo and Snedeker
and this 1s appended as an appendix eince it was partly an outcome of the
conference comuunication. The surge of destruction by hurricanes is
somewhat like chat of herbicide, with great thickets of dead wood remaining
and much kill that is not yet exwplained (broken stems? sedinented
pheumatophorena? stripped leaves?), The difference is that there was a
scattering of Seed trees end there wera nmo peasant wood cutters in socuth
Florida and the wood has been atendtng for 10 years gradoslly decomposing
as new growth comes from surviving trees. Dr. R, Goodrich of the Centr-l
and South Florida Flood Control District, West Palm Beech reported on his
seedling restoration experiments on spoil islande im south Florida. One
of his main points was that seedlings iteed to be plaated in water depths
and wave energy sltuatfons that are the normally sultable ones vather
than general broadcasting of secdlings. Both Teas and Goodrich found low
wortality rates with aerial broadcasting of seedlinga. Seedlings need not
be weighted, for they will turn thelr new roots earthward im growth and do
not have to be stuck into the wud, Tha coneumption of roota of ved man-
groves in South Florida wap deseribed. Some regard it as posgibly an

adaptive reguletor of horizontal extent of mangroves. Questions were



raised about nitrogen fixation in mangrove muds and Teas proposed work

by them on this, Both Teas and Goodrich felt that the topography (or
immediate environment) of the place the seedlings landed was the most
important factor in meedling survival. Mangrove could grow where there

was an accrueing shore line (low epergy), and available moisture (elevation).
Contributing to the discussions and plans were many staff and students

of the Environmental Engineering at the University of Florida.

J. Ewel aided the work in many ways especially In his plans and discussions
at the first meeting of the herbicilde committee in Washington. He pro-
posed the uﬁe of the Holderidge approach to the uplanda--later the subject
of Bethel's proposal, Frank Hordlie participated from Zoology. Jeoan Browder
aupplied an 8-page review: "The Role of Birds in Mangroves" with 10
references and special refeéence to Cattle Egrets and thias was forwarded

to F. Golley for the animal write-up. Knipling attended from the Department
of Agriculture providing waps and 1isison with the work by Weatherspuomn.

In the year that followed the conference, varied mengrove studies continued
among those who attended the confereuce. Gerald Walsh published a note on
herbicide studies on seedlings. Stimulated by the conference, J. Zieman and
W. E, Odum (University of Virginia) have separately and on other funds developed
aome mangrove wodels to be reported at forthcoming scientific meetings. In the
year that followed the conference, under Department of Interior funds related
to the Fakahatchee strand in south Florida, 5. Snedaker, A. Luge, L. Buras and
others made exteﬁaive measurements and oome further mhdelling of the Florida
mangrove swamps.

Following one of thé herhicide conférence meetings, H., T. Odum and P.
zink@ of University of Céllfornia visicted the Marco Ieland herbicide site,

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

ts




Included were some samples from the Snedaker-Lugo project sent to him at that
time, In July of 197) another Mangrove conference waz held under ausplices of
the Conservation Péundation wirh Department of Interfor funds at St. Petersburg
coordinated by S. Snedcker. This conference was not definately related to the
herbicide work but parts of those art the other conference continued their
research communication concerned with mangrove health and reforestation.

The following note was received from Puerto Rico participants:

ENVIRONMENTAL CHANGES AND RESEEDING OF A
KILLED MANGROVE AREA IN PUERTO RICO*

by G. Clotrom** and 5. Kolehmainen

_In Puerto Rico there i3 a mangrove area, a few scre; in size, that
was killed by human activities, probably with a herbinide. 'This arcas
is on the north coast of the island in tha estusry of Rio Grande River.
The mangroves bhave been dead over a year, and consequently, sfmilar
factors as in the Rung Sat arca in Viet Nam have been affecting the
sediments for an extended period., Therefore, it is felt that this area
in Puerto Rico can be used to study the possible changes in the environ-
. mental conditions of water and sediments that could have happened in
Rung Sat. A healthy mangrove atea may be used as a control area.
The herbicide sprayed aress of mangrcves have been barren for two
_ to seven years. During this time the scil and the sediments hnv§ Seen
exposed to sunlight, tides and rainfall. Thie meane that the.éxidation
rate of organic matter must have Iincreased due to the higher temperature,
_leaéeqed input of organic matter and increaaed fl#ahing rates of tidal
and runoff water, When thg folizge of mangroves were destroyed;.the
. increagse in the light 1n;ensity increased grggt%y. hThis; in Eurn,

probably lncreased the producticn of benthic algue.



ORDER-DISORDER, MANGROVES, HERBICIDE, AND WAR
Ecological Modelling for ®valunating Disrﬁption and Recovery

Large scale systems of man and nature such as forests, mangrove districts,
agricultural countyy sides and urban areas have regular and normal process of
construction, replacement, znd reconstruction that tend to maintain ecosystems,
tiuman settlements, Crees, soils, leafy matter, houses, streets, riverbeds,
wildlife, soclal organization, etc. Working againat these construciive processes
#re the natural tendencies for all structures and informetion to deteriorate
with time a8 required by the second law of thermodyramics. In addition there are
frictional and accidental losses that occur as part of constructive efforts and
that form special disruptive processes guch as earthquakes, hurricane, and war.
The action of herbicide is a speéial disordering action.

To gain perspective on the lmportence of a dizruptive process, one may
estimate the magnitudes of direct and indivect energy invelved to find what
percentage its effects have been of the total energy budget of the whole system.
One may compare herbicfde action in energy measures wich that of the whole
systen but with the aid of a model to consider main actions, interdependencies,
feedbacks, self regulatory actions, times of action, and time of recovery of
the system to former state. Systems methods relate parts to wholes and thus are
helpful for impact studies. Heic. we uge four systems methods to [aln perspective
on the relative action of herhieide in relation to the war disruotion as a whole
and the role herbictde played in the general proceas of South Viet Nam as a whole,
1965 and after. The four methods used were the follewing:

1.  Systems were diagrammed Lo show interactions helieved important,

2, Energy flows were estimated for comparison in diagrams and tables to
evaluate Importance of the pathwavs,

17
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3. Computer models were simulated to show consequences in time that
disruptiona produced in modelis. The simulations were used to test
whethet conceptd for the manper of action of disruptions such as
herbicide produce the patterns obrerved in the real situation.

4. Models were teoted to generate forecasts, determine what future actions
might be considered, and test the consequences of proposed measures.

Models and simulations were wmade on two scales of size as follows:

1. The Bung Sat mangrove district, the largest mangrove area defoliated,
wag studled with emphasis on bilomass, productivity, land coverage, and
reproduction of the mangroves. The models Iincluded 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
herblcide on the maintenance of organized structure. Evaluations and
sinuliations included disruption by war and herbicide, the recovery
feedback atimulation from the disruption, the energies and monles of
order and disorder from nature, from communist sourcee, and from the
UcSo :

Steady States and the Balance of Ordering and Disdrderinu

Any aystem that sustains coutinuous life in the long run vust develop &

balance of its ordering and disordering processes. We visualize these as

eircular relationships as ifa Fig. 4 Such circular systems tend to return to

a balance after disruption. A system in such a balanced state fs sald to be

in steady state. Survivirg systems develop an abllity to repair and accelerate
restoration and recovery when disrupted by recycling materials and energy from

its storages combining these with new potentisl energles to stimulate reconstruction
of the disrupted zone. We are all familiar with theae processes in a forest

where new trees accelerate growth to fill a spot where a tree fell., Fertilizer
nutrients from fallen and disvupted trees are released and recycled by the animals.
nicro-organisms, and root actions, stimulating regrowth. Pathways of supply of

enargy resource of sun, rain, and geological substrate are free to be harnessed

-again, R R LRI T

R T R TR
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Similar processeé etimulate recorery on the larger scale of whole countries.
Parts and fragments of the disordered state stimulate regrowth provided there is
available abundant energy sources or sources of money to purchase the energy resourced.
For example, disrupted land, displaced people, disordered ﬁaterials and released
metrients tend to stiﬁulate reconstruction activicy.

Summarizing the concept of self-maintainiag systems we find therxe is a
symbiotic balance be..een orderfng and disordering process in the normal system '
with cycles of disordered materials bacik to reuse in pew construction. When
there ig a surge of disruption, there is & suvge of stimulation by land, people,
and mﬁteri;ls in symbiotic action that accelerates the reconstruction ;omewhat
later (1f there 1o an energy source;. Any ultimate judgment of the effect of a
process wust consider the short term, and long term effects.
| Some ;ctions of war afe short pulses that have immediaté surges Lo
disorde: followed by resurges to the resrdering process. Where actions of war
or other disturbances arc chronic and continuous, the effect of the disruption
being more continuous causes a more continuous drain from the resources 5o
that & new steady state balance is achleved, one with wore diaorder on the
average. 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 taere have
been autgeh ulthin {t with intensive periods of herbicide actiona, bombs, ‘
nilitary actions, etc. |

Given in the syat#ms diagram in Tig. 4a 1s the simple 1dea of the
construc*tve actionn contributing to structure of man and nature over the
countryside, balaneing the destxuctive‘actiona of nature and man, Notice the
pathway by which 1ncreaaes in disordered areas and components stimulate the
regrowth. Herbicide 1s one of the specia) disruptive stresses (?13. 4o},

The systems diagrams of pathwayr of action and sto:aae are also pictorisl
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ways of repregenting mathematical equations that are another way of indicating
an ecological model. For example, the equations that go with Fig., %b are
shown in Fig, 4c to help the readers understand the connection between the
dlagrams and mathematical statements. Each mathematical ¢erm refers to one
pathway and the several equations together summarize the systems diagram. For
each pathway, thexe isg coeffient (k) which indicates how much flow thore is

in that pathway per unit of driving action coming from upstream storapge unit or
units,

In computer simulation, the mathematical equations are allowed to interact
together and continuously so that the various Inflows, interactions, stresses,
ete. take place with the complexity shown in the diagrams and as a resulg,
grapha 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 porsible future action,

The systems diagrams shou the various kinds of important storeges (tank
symbol, Filg. L) of a system (such as structure, disordered parts) aund the
pathway lince show where one flows into another or where one interaction acts
on another in & ptimulatory control action (workgate, Fig. Ld), Many control
actions at workgates are amplifying, multipiicative (indicated by pointed
block with multiplier sign X, example, Pig. 1). 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 energles brought
in by tanker (Circles, Fig. le),

The diagrams may alsc be used to show relative magnitudes of actions and
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 modei

data are used to evaluate coefficlents of the mathematical equaticas and

analog and digital computer simulations are given. For others, we use
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descriptive energy dlagrams to show persgpectives on the role of herbicide
in mangroves and in the war and Vietnam as a whole. More details on

'symbols and procedures are given im a recent book (Odum, 1971, Envi;onment,

power, and Soclety, John Wiley).

Analog Simulation of Order-Disorder Model

Given in Fié. 4g 18 the result of a simulation of the ovder-disorder model
which verifies the general stabiliey of the provision for the symblotic balance
- and recycle between order and disordering tendencies. In the first graph the
levels of order and disorder are immediately established, these heing somewhat
different from the initial conditions first established. Thus ¢ rises to a
level as Q, disorder falls to a lower level.

In the secon§ gimulation a disordering streas is applied that pumps order
into disorder, a relatively easy proceas since it goes in the directicn of the
normal degradation that vltimarely accompanies any storage of order. While this
disordering stress is operating, the levels of order aﬁd digsorder shift to a new
leveling that i{s equally stable. Turning up the disordecing action pulls order
down go that it 1s in short supply end the rate of disordering is dimiﬁished for
lack of further atructure to disor&er. Disorder becomes sc abundant that it
stimulates rapld recycling recovery as long as tpere is a regular unlimited
energy source to be tapped. Diminishing order beyond 1its peint of scarcity
becomes difficult. Wich removal of the gpeclal stress, the system veturns to its

original levels of order and disordar. Cre e g
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Models of War and Stress

Becausz we use simplified war models in relating herbicide te overall
cnergy budget, we give here some background on var models,

He have notlmade an exhaustive feview of political modeling or those
with war, but thoge earlier efforts many help get our Viet Nam siwulations
in perspective, ‘

Through the aid ﬁf Cary Murfin we located a simviation of the Viet Nam
conflict by J. 8. Milstein and W. C. Mitchell ( 196§ and on by John
Voevodsky (1968 ). |

- Milsum (1968) building on Richardson's armameat model (1960 ) has che

competition between nations as summarized In our diagramming of their

equations. Since these wodels fall to put in an enersv

constraint and do not have the environmaﬁtal interaction, they may not be

. ve;iﬂéeal.or péfg;ﬁégt.- .:. I_‘ L
Odwa (1971) has two modele of war interaction that include 2nergies

‘and‘}oases with distance with both offensive and defensive war (Flgures 5 and 6),
Saaty (1972) pr0po§ed a model whicﬁ ﬁ. Sell diagrammed and put on

analog simmlation as given in Figures 7 snd 8 « It has the feature

of each controlling the other's energy input and one pathway of inhihition,

None of these have the environmental impact,
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Milstein and Miechell tested the models for the stimulation of one
sides warring activity by tlhe other with such parameters as troope %illed,
indices of negotiation initiatives, indices of confidence, etc, and
economic support. Good fit wag obtained to the intensicy 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
predictione because neither =ide was really energy limited except through
its own decisions as to what resources to commit, based on deciziocns of
the other emvironmental impact was not involved, '

Christine Paddock working in our group last year (unpublished
manuecript) simulated the course of oscillating war and peace in the
prinmitive tribe based on 4 criteria of decision related to resources,
especinlly pig crop, The aimuvlation was quite like that éuélitacively
documented by Rappaport{1971), '

Voevodaky (1968) has a medel for war as dependent on some exponeﬁtial
declining storage whose time constant aﬁd initinl conditicns of resource

Iultimately determine the end of the war. This single decay tank is a

1ictle like the pigs for the ancestors pig accumulation theory.
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Stress Ampiifier War Interaction
Maurice Sell

In addition to the modéls of war and stress developed by Zucchetto and
Swallows and Brown for this report to the committee studying the effects of herb-
jecide on South Vietnam, other models have alsr appeared in the literature, One
such model was discussed briefly by Saaty(1972) as an example of game theory.

Saaty considera three variables in his discussiom: the United States
supply of vital weapons, Ql » the suwpply of weapons for North Vietnam, 02 , and
the accumulated marginal supcviority of either of the two warring nations; V.
Each nation sccording to Saaty has a choice as to the fraction devoted to

.depleting the reserves of the eremy. That nation able to accumulate reavurces
would be the victor. - S o o

In $aaty's model, the accumulation or loss of U.S, weapons with time depends
on the rate &t which weapons are obtained from ocutside sources, Nl and the rate
of depletion by Notth v1etnamese forces, k k2Q2' In equation form thia becomes

9 =- Nl =k k2Q2 (1)
0L k £1
vhere kl 15 a measure of North Vietnam's effect{iveness against the United States
and k2Q2 represéncs the weapons used by North Vietnam for the purpose of attrition.
A simflar equation for the accumuiation or loss of weapons by North Vietnam is
Oi.k L1

One of the two natfons in conflict may ultimately be more successful than

the other and will accumulate marginal guperiority according to the equation

Vo= (lek)Q, - (1-Kk)g (3)
vhere 1 « kz and 1 - kk are the fractions of North Vietnamese and U.S, 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 deplete the reserves of the other nation, If it
is assumed that the North Vietnsmese are less effective than the U.S. In de-
pleting reserves, then Saaty concludes that Morth Vietnam switches to Full attack
some time before the end of the war and this equals the reciprocal of the
affectiveness of North Vietnam. In other words the less effective North Vietnam
18 with attrition, the faster they aswitch to full attack.
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Since Saaty presented no data or curves to support this model, a

Simplifted model was drawn using the equations developed by Saaty. This model
is shown a5 Figure 7. In this simulation that follows no data were used so chat
the results are entirely qualitative, Also, the model does not {aclude conditions
for switching more reserves to attack or attrition, whichever is needed. Intel-
ligence reports would also have an effect on the fraction used for attack and
attricion of the enemy. '
Figure B shows the acewmulation of marginal superiority as it veries with
time for the following conditions:

1. North Vietnam fs at 80% full strengca and 50% of this goes to
attrition of U.5, resources with 507 effectiveness.

2, The United States 18 at 50% full strength and 50% of this goes
to attrition of North Vietnam's resources with varying rates of
effectiveness. Supply rates are the ssme for each nation,

In Curve A the North Vietnamese are ouly 10% effective in depleting U,S. resources
and develop very little superiority. Within 5 years the .S, begins to develop
superiority and continues to increase its auperiority, At 25% effectiveness the
U.5. begina to hecome superior after about 9 years and at 307 effectiveness it
takes about 16 years. A curve not shown iudicates that if the North Vietnamease
are 50% effective, they malntain superiority., As oae side begins to lose the war,
it seems that the rate of supply 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 Eully detail the Vietusm war but only to indicate trends, As
wentloned previously, & vital element missing s the adjustment one or both
conflicting nations would make to keep the other from becoming supsrior

militarily.
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3. Model of Mangrove Productivity, Herhicide Smaying,
Wood Cutting and Seedling Availability in the Rung
Sat Zone of South Vietuam

Maurice C. Sell, Jr.

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

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

Rhizophora mucronats, is very prevalent in the Rung Sat and has economic value
as charcoal (Van Cuong, 1964). S5Since this species comprises about iSZ of the
mangroves, the data compiled for the simelations relate exclueively to Rhizophora i
aepp. For the purpose of orientation a map of the Rung Sat is shown fn |
Figure 1. ' o -

An important concept used in simulatiog the mangrove comunity of thelRung ;
Sat was that of being able to ocumit many of.thé detaile& occurrences in the -
mangroves. For example, the process of photosynthesis pfoduces crganic matter
. used by the mdngroves for growth and metabolic processes. The actual process of
photosynthesis includes many steps or chemical reactions that eventually result
in the production of organiec matter. This detail was not needed in this model
since the primary concern of this study 1ﬁvo1vedlaveﬁts on a lavger scale.
This technigue of lumping is probably valid whenever the overall result of some
process 1s desired rather than the intricate details.

A sinplif;ad model of the wmangrove foreat in the Rung Sat ie shown in Figure

2 using tﬁa aymbols preﬁiously described 1ﬁ Fig. 2, Section 1. This model has
geveral paraﬁetefc operaciﬁg on the mangrove forest as outside forcing functions
{circular symbéi;)Q .The staté variables.(tgnk—ahaped symbolg are those variables
wvhose levels were thought to be important in this model., Fach line represents

a pathway that connects state Variables with each other or with one or more of

the nutside forcing Eunctioas.
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The sun iz shown as a forc-ing function that interacts with the amount of
land covered by the mangrove trees. In this model the amount of sclar energy
available to the mangroves 1s taken as 50% of the incoming sclar energy. The
flow from the sun-land Interaction 13 golng to be called grogs photosynthesis,
In reality the value of this pathway probably lies somewhere batween the upper
value of gross photosynthesis and the lower value of net photosynthesis. Since
net photogynthesis carries a different meaning for each.individnal. let it
suffice to say that the pathway is dightly less than grose photosmnthesisa,

This patiway of organic matter flowe into mangrove bilowass amﬂ increases as
more land {a covered by mangroves. The organic matter produéed through the
sun~land interaction is used by the mansroves for growth and metabolic activities.
Jﬂbodcuttata are vory important 1n their iafluence on the mangrove foreat. They
" are shown cutting wood at a rate p:oportional to the lsvel of uangrava biomass.
The production of seedlings 18 ehoin as a gessonal occurrance. In May ot each
. yeor the mature mangrove tr;ss begin £6 uas 65&3 bf.fhenorsanic-matter fo gfow'
’neediings which continue to growruntil ghout October when seedlings begln to
fall frup_the trees. Thé foll of ssadlings was assumed to occur dﬁrins a period
of sixt;_ddyo (Gill and !omlinson._i9?1). The aumber oé se?dlingo ﬁanginﬁ from‘l
mengrove Lrees was inélaﬁed a9 a sfsta variable. _ﬂhen':ﬁase séedlinso drop from
the trees, many of fhem remain bensath the parent tree.‘ﬁut actual numbors ware
not avajlable. This ahould depend on the effectiveness of tidal flushing. Some
";:of the secdlings are carried by tidal or rivar currents to other area. Thaese
';isacdlings arae shown as a state varisble labelled seedlings in the uucar. Some
I:;:of these seedlings nsy eventually colonize an srea devold of mangroves. This
1"colon1:acion is ahown as an interaction batween seedliugs in the uater and bare
laud to siva land that 18 covered by muuarovea. In the Repnblic of Vietnam
”esteusivu spraying with herbicide has braught sbout vus: ~screages of bare land.
Spraying with herbicide 1as ahown as an outside ctreas draining land covered by

nnnﬁroves to eventually cause bare land resuiting from death of the mangroves
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through spraying and removal of the trees by thé woodeutters. A pathway has
also been included that representa the planting of mangroves by man if this
in a desired course for Vietnam to follow.

Figure 3 shows the values used for the state variables and patl.says
in the model. These numbers represent the total size of the variables or flows
in the Rung 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 1 in units of keal m™2 day‘l on a monthly averaged
' basis. These values are also plotted in Figure &4 where it can be scen that

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

. &evﬁl of Mangrove Blomaes

Blomass values were unavailable for the mangrove forests in fouth Vietnam
80 & value was chosen from the literature for mangrove forests of eimilar stature
The biomass of mangroves in Puerto Rico was measured by Golley et al (1962) ae
5000 grams per square meter (1000 érams per square meter £8 equivalent to 4.5
tons per acre} in leaves and wood., Thia was used as the inirial condition valie
for mangrove blomase fn the Rung Sat model. Rates of grogs photosynthesis and
respiration were also from the Puerto.Rico study. Cu;ting rate was estimated

as 37 of the mangrove trees per year.
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TABLE 1l

Monthly Solar Radiati{on Data for Satgon From January 1964 to October
1967 (Units of keal m2 day=-1)

Month Solsr Radiation (kcal-w=Z day~})
Jaguary . 3500 -
February 4220

March 4560

April %380

My 3669

June 3910

July 3360

August 3690

September 3560

October 3330

November 3160

Dacember 3160
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Seedlings in the trecs

" In an experiment in Florida Rhizophora manzle seedlings were found to weigh

12.6 grams (dry weight) for a secedling of length 31,7 centimeters. If the
assumption is made that this seedliug 1s saix months 0ld, then the yearly growth
rate 1o 12.6 grams er seedling. A density of about 26 seedlings per squara
meter was counted In the trees in July 1972, Therefore, growth of scedlings

is at least 327 grams per squares meter per year. For thiz simulation a value

of 660 grame per aquare meter per year was chosen.

| Seedlings in the water
The number of seedlings falling from the trees jnto the water to be carried

away by the tidal currente was calculeted by estimating the smount of tree over—
hang above the water and determining the total length 6f wgterways in Vietnam.
The overhang was about three meters in Florida and the Rung Sat hag about 500

km of waterways In the unsprayed area. The spraved area also has another 500
¥ of waterways. Before spraying the number of seedlings that could be in
water would therefore be about 1 X 10% meedlings. Seedling movement was calcu~
lated on the basis of a period of sixty days during which the seedlings fall

from the trees into the water.

Bare lond and lsnd covered with iive manaroves

The total ares of the Rung Sat was alveady given previously as 750 xn?,
If cthe wodcutters are assumed to have soma influence on the emount of bare
land, then the initisl conditions should conaiger this. Therefore, bare land
nitially will occupy 50 km? of the Rung Sat and seeded land the remaining 700 km?,
Tha above gections are a brief insight fnto what procedures were followed
to obtain data for this cimilation, Aa one can plainly see, much of the data
bhaa baen only roughly approximated., Yopefully, more reliable ficld data will

be obtuined for the mangroves in the Rung Sat soms time in the future, Initial



42

numerical values for the state varlables and process variables sre given in
Figure 3 ond Table 2.

In addition to describing the methods of getting the data, this methods
section will sleo deal with the procedures that need to be followed for a
conputer simulation. The method used for this simulation involved describing
each pathway by an equation that was a linear or nonlinear function of the
variables and outside forcing-functiona discussed in an earlier part of this
paper. When theae functiénal relationghips have been defined, the yate coof-
ficieats can be determined for the pathways. Equatlons are also written showing
the time rats of change of a given state variable based on the inflows apd
outflows for that etste varisble. Also, for thie Qinulatioa an anslog computer
vas used and this meant that each time rate of change equation had to be scaled.

These procedures will new be diccussed.

Pathway equations -

Figure ‘5 1g snother diagram of the nodal and is fdenticnl ¢o Figure IIT-3
except that each pathway hes been deseribed by an equation. For axemple, the
rate of grosa photosynthesis 1s given 39 haing equal to some vate coafficlent,
kg, times the land srea covered with live mangroves, Qp, times available sumlight,
Q3. In other words gross photosyuthasis equala k3QZQ3. Similarly, one can

deteraine the eaquations for the reet of the pathways.

Calculation of rate coefficients

: "Now that the pathway equations ara lmown, cne can begin to calculate the
rate coefficieats or k's. To determine the value for a rate coefficient set
the equation for a given pathwuy equal to the numerical veiue of the rate of flow for
that pathway., Substitute for all tha known values and solve for k, the rate

coefficient, As an exsmple, let's usa the mangrove raspiration pathway, kgQg:



TABLE 2

Descriptions and Quantification of Forcing Funmctions,
State Varlables and Flow Processzas Batween State Variables

1TEM OF INTEREST

DESCRIFTION

VALUE

Porcing Functions

Solar energy flux hitting the

S Approximately sinusoidal (See Table 1 snd
mangroves of the Tamg Sat Figure 1) units of kcel Proas day~1l (keel
-2 yrm1)
B Herbicide application to mengroves 81,525 gal. (355,000 liters) in 1966
of the Runmg Szt by the U.S, Militery 361,435 gal. (1,400,000 liters) in 1967
407,175 gal, (1,580,000 liters) in 1968
127,500 gal. (494,000 lirers) in 1969
21,400 gal., (82,9500 liters) in 1570
Total 1,009,045 gal’3,911,900 liters’
N External seedling source thef may be 18 X 166 seadlings day’1
' needed to regenerate the nevgroves. (540 X 106 seedlings mo=~1l) would be the maxi-
This mey lmvolva planting by some mn value to glve an instaut pangrove forest
means (by hand, dropping from planes, in 50 daye; figure based on Moquillon's (1944)
ete.) recommendation of 50 days to plant seedlings
at a density of 2¢,000 per hsc.are
c Cutting effort of the Scuth Vietnamese HNot actually determined but will be 3 valua

in harvesting mangroves for charcoal &
other uses

that would yield a harvest ate of .36 X 106
kge day™+ (Plow #5) 1.0 X 10 kgs mo-1
12 X 107 kgs yr-l

State Variables

9

Mangrove land that has beer converted
to bare lend by herbicide spraying

Maximum velue would be the estimated total
manprove ares »f 750 2, Estimated value
was 524 km? broken down by years as follows:

€5 km2 1965
359 im? 1967
200 w2 1968



TABLE 2 (conmtd) .

ITEM OF INTEREST DESCRIPTION VALUE

State Variables

Q, Land occupied by mangroves fn the 750 ka2 prier to spraying by U.S, Military
: Pamg Sat peesibly reduced to 226 kn? by 1968
Q4 oo Seedlings that are preseat in the water Maximm val'..te of geedlings 2 x 108
at any choaer peuiod in time for the Average velue of seedlfmgs 1.0 x 108
len sat
Qs Total biomass of the Runp Sat mangroves Maximm value of 7.5 X 10% kgs {10,000 gms m-2)
: Average velve of 3.75 X 10% kgs (5,000 gms n~2)
Qg Seediings that are present on the man-  HMaximum value of seedlings 7.65 X 1010
gro- as of the Rung Sat Average value of seediings 1.35 X 1010

Process Variables

N : Flow of soler energy flux Anmuzal variation can be epproximared by a sine
) ' veve of maximum value 4550 X 106 kcel km~2 day™ 1
1.66 X 1012 keal ko2 Iz
and minisum vsiuve 3150 X 108 kesl km~2 day -
1,15 % 201? kea} ka2 yr-l

2 Flow of solar energy flux into multiplier Annual variatfon also approximated by a sine
e -interaction with seeded iand . wave of maximum values 50% of flow #1
units of keal km™¢ day ~* (keal km~2 vyr~1
3 Flow inte mangrove biowmass compertment 12 X 106 kgs day~l
in terms of gross production 4380 X 106 kgs yr-l
4 . ' Earvest rate of woodcutters to use .36 X 10° kgs day"l

mangrove wood for making charceal and 120 % 108 kgs yr-1
other usees

5 Respication and other losses {(litter 12 X 106 kgs day-l
fall, etc) in mangrove biomass 4380 X 10® xgs yr-1



ITEM OF IKTEREST

TABLE 2 (cont'd)
DESCRIPTION

VALBE

. Frocess Vir:l.ablu-

E

6 Rate of msn;:ove biomess going into 2.7 % 10: kgs day_ -1
seedling productien 430 X 10° kgs yr-1

7 Rate at which seedlings eppear on 1.08 X 1020med11n9~ +. =1
mangroves 1,94 X 10*Y geedlings yr~1 for a month period

from April - Octobar each yzar

8 Loss rate of egeedlings to dizease, _ Assume 10% of flow 7 or .108 % 108 seednngslday'l
peteorological conditions, predators .194 x 1030 Seedlingiyr~i

9 Rate at which seedlinzs f£a)l frow the 3.25 % 10a sgedlings day"l; 1.94 X 1010 seedifngs/
mangroves (in Cct, and Nov. mostly) yr=+ orar a2 two gonth pericd each year

10 Rate at which seedlinge maka it into 0.7 % 105 seadlings/day™t; 4.2 X 107 geedlinga/yr-1

: the water for colomizstica of cther ¢ver the two month interval memticmed for Flow 9

srezs

1 Loss r ate of seedlings that are in the 0.35 X 106 seed1mgslda(1

i water 4,2 % 107 seedlings/ye~

12 : Rate of seedlings cclonizing bare land 0.7 X 1.06 seedlings/day -1
for couversion to mangrove land 5.2 X 1067 geedlings/yr-l

13 Rete of application of herbicide by "

- milirary over the Rung Sat 355,000 liters 1966; 1,400,000 liters 1967;
1,580,000 liters 1968; 494,000 liters 1969;
- 82,900 liters 1970

14 Bate of coaversion of Mangrove land (65 litersfyr‘l) 1966; (359 iitera/yr~1) 1967
into bare lard as a result of spraying (100 liters/yr~ 1y 1968

15 Rate of conversion of bare land to 25,6 kmzfyr-
mgngrove land thru matural regeneration

16 Planting rate Variable
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k05 » 2.19 X 107 kg year™! " m
o 2,19 x 109 -1 |
kg R IR R 0.585 year
Caleuletions for the rate coefiicients are shown in Table 3. Values for
all of the rate coefficients are given in Table &,

Differential equation writing '

Por éach state variable of 1ncer§st a differential equafion can be written.
All thiz says 1s that che time rate of change of varlable is equal to all the
inpui rates minus all the output rates for the state variable in quastion., Lei's
- look at the level of mangrove biomass a9 an example. The rate of change of
nmangrove biomaas, dqsldt, i equal to the incaning rate of biomass production,
ngsz,minus the smounta lost through plant respiration, kﬁQs; through woodcutting,
cQs, and through some amount neaded for grouth of seedlinge, k,q; In aquation
form thias bacomns '

_:Si_

de .

The differential equatdons for all the atate variableg are glven ianﬁhle .5.

® k3QyJy - keQy - Q5 - kyQg « Q5 R

.

1 TR TR

Scaling equations for analqg_cnmputef uge

Becauas the decision was made to run the ainulatioﬁ on_;nl;;alu; chmpuéer;
it wvae neceasary to scale all of the differantiai eq:atdons deécfibing Ehé sta&a
"variables, Scaling is vequired because enzlog comvniers havﬁ built into them
- & waimum voltss§ output constraint. Exceeding “hle value may yleld erroneous

rasults. For scaling, each state variidle .o seslgned eome maximum level that

47



TABLE 3

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

Flow #2 ~ Inccming Flux of Sunlight, kyQaJy
kpQyJp = .83 x 1082 jea1 w2 yr“l

X - +83 x 1012
2 .83 % 101<(700)

k2 = 1.43 x 10~3 k™2

Flov #3 - Gross photosynfhesis for mangzoves, 3Q,Q3

' 9 -
k4020, = 4.38 x 10 kg yr~1

k - 4,38 x 109
3 .83 x 101Z(700)

ky  ® 7.5 x 1076 keal ™t

Flow #4 = Rate at which woodcutters are cutting wood, cQ5

q5 12 % 10? kg yxr-1

.12 % 107

T IR0

©® 3,06 x 1072 yr-1

Flov #5 - Respiration of mangroves, keQg

keQg™ 2.19 x 10? 1g yr-!

9
K = 2.19 x 10
6 " 355 %167

ke = .585 ye=1

Flow #6 ~ Rate at which blosass {s translocated to needlings, 17Q5

k;Q5 = 491 x 10% kg yr~3

9
k’ - 0&91 x 10
- L5 x 100 T T B R R

k, =1311x 1071 yp~1

48
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Flow #7 - Rate at which seedlings are produced, Qg

kgQs = 1.94 x 1010

ke s 194 % 1010
8 3.75 x 109

kg = 5.17 seedlings kg~l yr~1

Flow #8 ~ Rate at which seedlings go inte the water to colonize new areas, koQy

kgQg = 3.94 x 107 seedlings yr~3

o 3.94 x 109
k9 1.95 x 1040

kg = 2.02 x 1071 yr~1

Flow #9 -~ Rate at which seedlings vempiu beneath the parent tree..kloﬂﬁ

kioQ = 1.95 x 1010 goedlings yel

ko = 1.95 x 1010
0 1,95 x 10tV

kyo = 1.0 yr-1

Flow #10 - BRate et which seedlings ave available to actually colonize new areas,
k119
ky Qg = 42 x 10° seedltags yr-1

k w 42 x 105
11 1,95 % 1010

kll - 2.15 x 10—3 yr-l

- Flow #11 - Rete of loss of seedlings that are in the water, kj,Q;

" kppQ, e 2.1 x 107 sesdlings yr-1

k - 2.1 x 107
12 .2 x 109

ky2 o 1.05 yri

Flow #12 ~ Rete at which seedlings colonize new aveas, k;1Q,Q,

k130,Q, = 42 x 105 seedlinge yr~1

Dk - 42x208
-1 (50) (.2 x 10%)



k3 = 4.2 x 1072 ye~l SR T

Flow #13 - Rute of conversion of sceded land to bare land (maximum value), leQz

kysQH « 365 kn? yr

s = Tl'.‘ﬁ's‘%""x‘lﬁﬁ) (7060)
kis = 4,8 x 10-7 Iiters! yr-l

.Flow #14 - Rate of conversion of bare land to seeded land, k1601Q6
klﬁqlqa = 25.6 km yr~1

. w 25.6
e T2 x 109)

k16 2,56 x 1078 see&liﬁgﬁ'l-frgl

Plow #15 ~ Variable Planting Rate

(18

30
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TABLE 4

Values Used for Rate Coefficlents in
Mangrove Model of South Vietnam

Fiow Nuwmber (1) Coefficlent Cogfficient Value
. . )
2 Ky 1.43 x 1073 ™2
3 k3 7.56 x 10”5 g kea1!
4 c 3,06 x 1072 yr‘l
5 kg 5.85 x 10-1 yr-1
6 ky 1.311 x 10~1 ye-l
7 kg 5,17 seedlings kg1 yr~l
8 kg 2,02 x 107} gt
9 K10 1.0 yrt
10 Ky 2,15 x 1073 g1
u Ky 1.05 yr~1
12 ky9 4.2 x 10°2 w2yt
13 H gine wave pulse
14 ks 4.8 x 10~7 Ticers i
15 kg 2.56 x 1078 seedlings~t yr~1

16 ' ' N _ variable ye-l



TABLE 5

Differential Equations that Dascribe the State
Variables Appearing in the Mode} (Figure III~3)

1) Bare Land _ _
§ = w50t - k010,
2) Seeded Land

Qri-q

where A is the total land arca of the Rung Sat

3) Avatlable Light _
Jp = 3 = kp3gq,
4) Seedlings in the Water o _

Q4 = k1205 ~ %120, = k1309
$) Mangrove Biomaosn

&5 = kyQplp ~ 4g05 = K05 - c0s
6) Seedlings In the treecs _ _

8 = kgQs - k100 = *gs
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is not expected to be exceeded. To illustrate, the initiﬁl value for mangrove
biomass wae chosan ae 4.2 » 165 tons (3.75 x 10? kas) for the entire Rung Sat and
the maximum value was chosen te be twice that amount, Maximum values for the
state variablea are given in Table 2.
The following stepa are Inwolved in the scaling process:
(1) Write the differential equatfon that describes the time rate of change
of a state varlable. As on example, pangrove biomass will be used.
40 kaQpFy = kol = Qg - K0y
(2) g:vide and multiply each varisble on the yight side of the equation

by ite maximum value. This gives the following result

4Qs = kq(750) _f_g_:l 3.26 x 1012 Jg - ke (7.5 x 10%)
at 750J .76 x 1012
[Qs | ' 9. -~ e(7 9 !
-k (7.5 x 10 —Qi—- e(7.5 x 10%) —O-g—sr— :
| 75 10% 73 x W78 9 7.5 x 107
- 3 )
3)

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

veriable on the left side of tha equation to give

1 . -
dog/de k(3,26 x 10%) [E.i’-_?l [JR bow Vo *

5% 109 7500 13726 x 1012j 6 ‘?.‘s"x 1091
. ‘
T - Q
y ) -, ¢ 5
7.5 1°9J 15 x 109 4)

Equztion (4) 1o the scaled equation that ehould be used for mangrove hionass.



All that needs to be done 1o to substitute the rate coefficient values into the
equaticn. The numericel valuaas that appesr outside the brackets would be che
pot settings for the amalog diagram. All of the scaled equations are given lu
Table 6. -

A diagram of the simulation model ag it would appear in the language of
analog computer symbola is shown 1o Figure 6, These symbols will not be
explained here but any book on analog computers adequately explaing the meaning
of each symbol. Simulations were run on an Electronic Associates, Ine, anaslog

computer, the BAT 680,
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© TABLE 6

. . . e L.
] N K . h &
S

Scaled Equatlons for Mangruve Model

Bare land
r, - - . -
4 . 0.528] & G A 106% ~s5.02f ¢ g J
750 750 l -?-3-6-—‘ 2% 710
4 £ 18 1
Land coverad by mangroves '
Q .-1 FQH : L
750_ - - B

i

Sepdlings in the water

% ¢ ) '- T g
= 0,824 1 6 b 1.05 . % - 1.5 G 4 ;
2.x 108 L?.es x 1010Ji lg x 708 7307 3108
. . H . , 1 . ) . .
Mangtove biouass ' . AR i
s o 2,458 | J ‘o3 e .
7.5 x 109 e | {91 - o.s85° % P L
l3 .26 x 101? i?-t;! ITT 109 0.1311
Qs -‘l Q - :
T - 0.0306 5 Lo ._
, S x logi '7'"5' "'x 109
Seedlings hangins from trees | ;
h 66 i G r ’ Ced
”,,mm-osoh T I ozoz_‘lqg_, .
ol 7.65 x 1010 x 1010
Availeble Light L S

Co-

" : - .
CJ Ty : .
R ! Q
L3 - 1 - 1.072] @ 1
3. 0 e R
326 x 1012 _.,_3 26 x1 7J lrso_] [3__6_.. 012J

T






" RESULTS

Several situations vere aimulated.to asazgs the Iimpect of selacted pathways
on the level of mangrove biomsss. In most cases a family of curves will be showm
in each firure. This was necegsary baeauéa of the many approximations made to
obtain data for the sgimulations. Another reason was the wnavallability of data
for the mangroves in the Rung Sat. ’Jy generating a family of curves for variables
such as groes photosynthesis, woodcutting and herbicide spraying, the actual

patteruns followed by the Rung Sat mangroves may be included.

Steady-atate conditione

What would tha levelsa of mangrova bilowass be if ne eproying occurred end
the woodcuttars ﬁera cutting st the rate of 3% of the trees per year? ?1sdre

7 ehowa the levels of mangrove biomass for several rates of groass photosynthesis.
Theuve rates wara 3.5, 7, 14, and 19 grams of organic matter produced per square
mager per day, respactively., To coavert thesa values to pounds per acre, divide
by 0.112. From an inivial Liomaus of 3000 gmi per ﬁ; ateadﬁ state levels were
resched in 8, 6, lo end 12 years from tha lowast to the highest rate of gross
photosynthesis, : .

Figures 8; and 8h show tha effect of woodcutting on mangrove biomass.
In Figure 8a tha rate of gross photosynthesis i 14 gms per ne per day. If
no mangroves are cut, the mangroves attain & blomass level of 7200 gms per uz.
At cutting rates éf X, 30X, 60X, and 300X of the trees, the steady stata levels
of biomass were 7000, 5000, 4000, and 1500 gme per nz, respactivoly.

In Pigure 8b the rate of gross photosynthesis wae lowered to 7 gus per
o par day. In ths absence of cutting, the mangroves would be able to attain a
- biomass of 4000 gus per mz.- Cutting rates of 3T, 30X, 60X, snd 300Z, would give

2

mangrove biomass levels of 3800, 3000, 2200, and 900 gms par m“, respectively,

at oteady stata.
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Herbicide intensity

In Figure 9 five intensitics of herbicide spraying are shown occurring
during a five vear period. This is roughly the number of years widespread spray-
ing cccurred in the Reputilc of Vietnam (period from 1%65 to 1970). The greatest
level of sﬁfayiés 15 represeatad by curve A which shows a maximum level of
about 1.1 miBlon liters spraycd for any ome year. For the full five-vear period
this curve would give a total amount of herbicide surayed of 3.5 million liters.
For curve B the peak level was 0,55 miilion liters and the tﬁtal was 1.66 million
lters. Curves C, D, and E gave peak levels of 0.28, 0.14, and 0.05 million

liters and total levels of 0.8%, 0.45, and 0.16 million liters, respectively.

Effect of herbicide spraying

!igurés 10a and 10b show the effect of herbicide sprnying on mangrove
land and mﬁngrove biomana, respectively, when the rate of gross photoayutheais
is oaly 3.5 g perhnz per day. In Figuve 10a the land that the mangroves
cover s reduced from 750 kn? to 615, 410, 243, 140, or 25 ka? at total herbicide
dosages of 0,16, G.45, 0;89. 1.66, or %.5 qillion 1iters, respectivaly. To con~
vert these valqea to ac;es multiply kmz by 247, The times requir?d for the land
to be recolon:lzled by mangroves would be 45, 65, 90,2100 ﬁn&bbloo yeara at
iacreasing rates of total herbicide dosage. i

Figura 10blshowa the effect of herbilcide on mangrove biogaas. At the
five levelg of total herbicide dosage of 0.16, 0.45, 0.89, 1.66 and 3.5 million
liters, maﬁﬁrova biomass was reduced to 21C0, 1500, 1200, 700 and 200 gms per mz.
raspectively, from an initial ateady atate blomass iével of 2000 gns per nZ. The
mangroves returned to the initial Iéiel of biomaaa 1ﬁ 10, 40, 60, 90, or>100 years
depending on the total herbicide dosage epplied during the five-year period. As

eprayivg dncreased, so did the time for comﬁlete recolonization to initial steady

state levels, e e

Figures 1ia aad 1lb ehow the effeckt of herblcide on mangrove land and

6]
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wmangrove biomass when the vate of gross photosynthesis was 7 gms per n? per day.
In Figure 1la the land covered witi mangroves was reduced to 600, 430, 275,
* 150, or 75 Kl at herbiclde dosages of 0.16, 0.45, 0.89, 1.66 and 3.5 millioﬁ
liters. The times required for recolonization of the land were 20, 35, 50, 60,
and RO years as spraying increased from lowest to highest rate,

Figure 11b shows the effect of herbicide on mangrove biomass. From an

2 the bilomass level was reduced

inftial steady state biomass of 3800 gma per m
to 3400, 2800, 1800, 1200Iand 500 gms per * from the lowest to the highest
awounts of herbicide dosige. The mangroves returned to the pre-spraying-levels
in 10, 20, 30, 50, or 75 ycars after spraving at the various levels of herbicide.

Figures 12a and 12b ghow the effect of herblcide on mangrove land ard
mangrove blomass vwhen the rate of gross photoaynthesis was 14 gms per n2 per day.
In Figure 12a the mangrove land arca was reduced from 750 kn? to 660, 470,
310, 160, or 80 km? at herbicide doseges of 0.16, 0.45, U.89, 1.66 or 3.5 millien
liters sprayed over the five-~yesr period. The times required foxr recolonization
of the sprayed areas were 15, 45, 35, 4%, or 60 years for incressing levels of
herbicide.

In Figure -12b mangrove biomess was reduced from 7060 gme par mz to 6600,
$700, 4000, 2500, or 1100 gma per m® depending on the lével of herbicide applica-
tion. The mangroves returned to prespraying ﬁiomaus level in 10, 20, 25, 30, or
40 years at tha selected herbicide dosages.

Figures 13a and 13b show the effect of harbicide sprsfina and a 30%
cutting rate on the mangrove land area snd the mangrove biomass. In Figure 13a
wangrove land aree is ceduced to 65%, 510, 350, 220, or 55 km? at the five levels
of herbicide application. The times raquired for recolonization were 15, 25, 35,
45, or 65 years,

In Pigure 13b mangrove biocmass is reduced from 5400 gme per m? to 4800,

4100, 2600, 1300, or 700 gms per m? at the five lef;ls of herbicide applicatiom.
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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 ‘1& showg the effect of seedling svailability oun the rate of
recoionlz@tion when the level of herbicide dosage was 3.5 million liters and
the rate of gross photosynthesis was 14 gma per n? per day. The time requived
for recolonization by the mangroves was 40, 0, or 100 years ?or seedlings
available all year, 6 or 3 months out of each ymar, As the availability of
seedlings 16 decrcased, then the time to rerch a steady state level of mangrove
blomass ie iIncreased.

. Figurea ; 15a, 15%, 15c show the effect of aréificisl planting of seedlings
on £ﬁe racolonization by mangroves, Each figure gives two planting rates of
15 t; 75 seodlings per acre per vear in addition to natural recolonization. In
Pigﬁre '15; the rate of gross photosynthesia is 7 gme per Y per day and the
cuttiﬁk rate 16 3% of the trees per year. Under these conditions and no additional
planting by man,recolonization occurs in about 80 ysars. At a successful planting
vate of 15 seedlings per acre the mangroves recolonize in 35 yaarﬁ and n 12 years
at a successful planting rate of 75 seedlings per acre. Success.in fluntina is
10X of thﬁ see&lings planced. k

In Figure 15b the rate of gross photosyntlesis 1s 14 gans per n? per day
and cutting dis 32 ﬁf the trees per year. Theee conditions and no édditional plant-
ing by man result 16 récoloﬁixacinn by the mangroves in 40 years. At ouccessful
planting reates of 15 and 75 =cedlings per acre per year, times for recolonization
were 25 and 12 years. _ ' _

In Figure 15¢ the rste-of groas photosynthasis ic 14 gms per day and the
cutting rate has been increasad to 302 of the ttées per year. These conditious
and no additional planting by man result iu :ecolonization by the mangroves in
60 years. &t succesaful planting rates of 15 and ?5 seedlings per acte per year

the times for recolonization were 30 and 12 years.
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DISCUSSION

An important factor that wmay Influence the size of a mangrove forest is the
aveilability of nutrients., In Figuxe 7 the several different rates of photo=
synthesis represent cases of different nutriemt availability., The curves in thie
figura demenstrate that In conditions of plentiful nutrients the mangroves are
healthy and form large trees. ff nutrients are acarce, then tha mangroves are
low in b;omass. This would tend to support observations that the largest man-~
groves tend to grow along the banks of tidal rivers where the ﬁurtenta conetantly
bring nutrients to the trees. The bilomass values at asteady state are relatively
lov compared to some values that have appeared in the literature. Golley (1968)
reports a standing crop of 28,000 greams per squars meter for mangroves in Panama
and Lugo and Znedsker report biomags values ranging from 8700-13,400 grams per
gquere mater for mangroves in Flovida. For Thatland, Banijbatana (1957) repores

yieldsfor wmungroves of 10,000 grams par square meter., Aleo, the value used in
this simmlation was 5000 grams per square meter from the study by Golley et pl
(1962) in Puerto Rico. | o ] _
The low valuea may have also resulted frowm choosing a r#fe of respirvation
that wes too high. If respiration 1s very high, then fhe r#te of net production
will be low, The effect of thin 1s to give the low biomass valuee ehown in Pigure
7. Thg low biomauss values could.repteaent areas of mangrove; in the Rung
Sat such as thoss aress colonized by species of éé;iozs..albush-type nangrova
that can coloniza disturbed avean. The higher bilonase values would correspond
to mangroves growing along the banks of the tidal cﬁannels.
The curves in Plgure 9 were simulated to show the effect that varying
rates of herbicide application may have on the Rung Sat mangrovas.- From Figures
10 - 13 thia effect can be easily noted. The Eirclns in Pigure 9

indicate the herbicide levels that actually occurred during cach of the years
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from 1965 to 1970. Curve A in Figure 9 {5 the closest approximation to the
actual spraying conditiona. The total amount of herbicide sprayed on the mangroves
of the Rung Sat was 3,9 miilion liters which compares with the 3.5 million liters
of Curve A in Figure 9, TFor this reason the discussion will be involved with
thie rate of herbicide application. a
At this high level of spraying and a rate of grose photosynthesis of 3.5

gme per n? per day(Figure 10a) the area of bare land producad wee 725 kmz
or 72,500 hectares. Therefore, the amount of spraying was 48,3 liters per hectare
or 5.05 zalions per acra. This corresponds roughly with the stated application
raty: of 3 gallons per scre. Under better nutrient conditions (Figure lla} the

arna of bare land produced was 675-km2. The h;rbicide application rete im this
case wag 51.9 liters per hectare. Under possibly nutrient-rich conditionas (Figure
12a) the area of bare land produced was 670 m? for an application tsté of 52.3
liters per hectare. Since the sppiication rate 1s greater than 3 gellons per

acre (28.7 liters per hectare), this perably means that many areas were sprayed
wore than once. |

Pigures 10&..11a and 12a show that the rate of recolonization can depend

quite strongly on the level of ﬁutrients available. If nutrient;-are a problem

a8 in Pigure 10a, then the mangroves t#ke over 100 ye#rs te reach prespraying
land areas. In gddition the mangroves that do become eatablished are low iIn
biomass per n? (Pigure 10b). With no nutrient problem, (Figure'IZb) the mangroves
recolonize the gsprayed areas in years and reach reasonable level of blomass(Figure
12b). | | ”

Woodcuttars were al#o nhown to have an impact on the rate of recovery of
mangroves. The bare lsnd was colonized in 60 years at a cutting rate of 3% (Figure
12a) end in 65 years at a cutting rate of 30% of the treéa {(Figure 133).I Thus

a tenfold increase in cﬁtﬁing ra:erdelays the recovery only 5 years, but the blo-

mass ia lowared by 1600 gws fer w2 (7000 gna per 2l in Figure 12b and 5400 gma
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par me in Figure 13b)., An 1nteresting outcome of these results.is that fﬁe-z
rasulting mangroves would probabiy be undesirabl; for use as charéﬁal. The
highly prized trees would be continually selected agatnsﬁ by the woodcutters and
the poorer value& trees would proliferate. .

If the resulte of these simulations are correct, théﬁ-both-voodcﬁttefs 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
pections of the Bung Sat. Also, at what rat: afe the woodﬁuiters harvésfing the
remaining live RANRLOVE trees? - | - '

Another vsriable that could very easily be the most important single fector‘
limiting the recovery of the mangroves 18 the 2vailability of seedlings to
colonize the bare aress. Figure 14 shows very positively thst 1f seedlings are
only available two months during each yenr:theu recevery r@tas are a*tremely
slow., BRecently, E. B. Knipling of the Daiveraity of Florida and éthars returned
from Vietnam with photographs ﬁf.the aprayed Qreas. These photographa support
the hypothesis that lack of seedlings iz the primary reason the bare areﬁs are
not being colonized by mangroves. In these photographa the seedling denaity wasg
estimated to be one seedling per 62m2 of lsnd. when one studies the photographe.
it becoses quite apparent that seadlinss are not reaching thasa areas with any

-resularity. Even areas flushed regularly by the tides contatn very few seedlinss.
Soma seedlinga are present, hoaever. What is thn gsource for these seedlings?

If scadling scarcity is the primary reason for the very alow recovery of

wangroves, them one alternative mighc be to plant aeedlinga. Figuraa 15a—c.

show that planting seedlings will spead recovery. If lack of saedlinqs

is the only problem, then a mangrove foreat of adequate biomass 18 possible very -
quickly by artificial planting as shown in Figure 15b, If nutrienta or wood~
cutters are the limiting factor. then planting will speed up recovery, but the

ateadyustate blomase levels are low.
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VALIDATION OF SIMULATION RYSULTS 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 Vietnsm for onsite investigatlions. Golley made geveral counts of the
density of scedlings, MHe found the seedling density in the water to be .02
gsecdlings n~? in the sprayed area. Golley aleso counted a density of 46 seddlings
per n2 along the banks and levees. Tarther away from tidal influence, the seedlings
deﬁsity vag only .03 svecedlings ™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
VWeatherapoon took many photographs from ground level of the Rung Sat. From these
photographs the area of land in each pho:ogréph wan calculated and the number
of scedlings counted to give only 1 seedling per 62m2, In Puerto Rico the

needling denaitry ranged from 7-35 sesdlings w2,

More det;iled analysis of maps for the Rung Sat (see Rosuis text) ﬁavn
revéaled that the total area;_including water, is 1050 w? of vhich 23% is wster.
This would giea 242 kel of water area as compared to 250 kn? used for the simu-
lation, The detafled analysia also revealed that only 51% of the land area was
in mangroves prior to spraying. This gives an ares of 535 kmz as compared to
700 kmz used in the simulation. A more detailed analysis also came up with 600

2 .
km as the area sprayed as compared to 525 for the simulation.
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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 4almost entirely ramoved by wood-cutters, tidal
action, or decomposition, with & loss of nutrient content. Modela that
sumarize the orders of magnitude of nutrients such as nitrogen and
phosphorus per area of land are useful for providing scme perspective
on the fraction of nutrients remaining in muds, rcots, and water.

By comparing the stocks present and those removed with the rates of
flow it ia possible to gain some idea of the approximate time required
for nutrient reastoration. Preliminary models for niltrogen and

. phosphorus are given in fFigyre 1. Details of the bases for
estimates shown in the energy diegrams are presented in Tables 1
and 2. More dotalled deta arc belng developed in another subcon-
tract by P. Zinke, and additionsl dlagrams and more precise numbers
for compartments and flow rates can he added when totals are avallable
from that work.

The m.Gele are drawn in energy language with some of the main
driving funotions shown but highly aimplified., Notlce that the
phosphorus model has a higher percentage of total supply in leaves
and wood than does the nitrogen model. There 1s an apparent stockpile
of nitrogen in the mud, Therefore phoéphorus may be the more limiting
of the tuwo nucrlents in terms of regrowth.

The estimates of river inflow are very rough ai)proximtiona ’
pending receipt of betier date., If the magnitude assumed is correct,
the hung Sat obtalns more than encugh phosphorus to supply nutrient

needs for regrowth, Even if the order of magnitude were less by a



factor of 100 there would still be enough. Because of the river situvation,
the models suggest that nutrients are not limiting. However calculations
imply that soll organlsms such as algae and bacteria may play an important
role in incorporating nutrients from the river into the mud, thus making
them available to mangrove roots. Exchange of nutrient-rich water with
the mud ie limited by the extremely low rate of water penetration due to
persanently water-logged conditions (Clarke and Hammon,1967). The abilicy
of mangrove solls to supply nutrients for the reestablishment of mangrove
vegetation in the Rung Sat may be greatly dependent upon the status of

soll oxganisms in the peviod following herbicide application. 1In Fig., 2

is the model that has gsome nain aspects of eoupling of nitrogen and phosphorus.
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Table 1. Basis for calculation of nitrogen stocks and flow rates. Rumbers in parenthesisc relate

to compartments and pathways in Pigure 51,

Explanation

Bgquation

{1} Rate cf 1ncorporation into above-ground bicmaas

This is a function of the rate of phetogynthesis. Lugo, Sell,
and Snedaker {(unpub,) found that, in the mang: ovas on the west
cozst of Florida, rate of photosynthesis was epproxirately
10.72 grans Carbon/m?é day, The ratio of nitrogan to cerbon
taxen into the tree must be rouchly egqual to tha ratio of
nitrogen to carbon in the total bicmasa of thae trea. Golley's
{19682) valus for nitrogen of 0,7psrcent orcanic master was
divided by tha amount of carbon in cruanic matter {epproimate-
ly 8.5) to determing the ratic of nitrogen to carbon,

{2)Expart of nitrogen by woodcutters

stands of mangrovas in Vietham are gensralily cutover akout
once avery txkenty years, so the removal rate is approximitoly
5 percant of the rate of photoaynthesis, The ratio of nitzo-
gan to organic matter in mingrove woed is &pproxizately the
sgame ag that for the ovarall trea, 0.7 percent, The ratio
of carbon to organic matter is 50 percent,

(3)Miacellanecus loss of nitrogen from bilomass

In a steady sgtate system the rate of outflows should roughly
egqual rate of inflows. Nitrogen loss mey occur through transe
piration and unknown mechanisms as well 2s by lsaf and wood
fall and wood removal. The flow rate for miscellanscus nitro-
gen loss is calculated ag follows:

(4)Rate of nitrogen contribution to water pool by leaves,
wood, and miscellanecus matertal falling from mangrove treas
Heald' {1971) showed that 2.4 grams croanic matter/m2.day fell
from mangroves in a riverine forest in scuth Florida, This
value multiplied by the amount of carben per gram organic

{10.72 gC/m?.Day)(.007 gN/lg OM)
(1g oM/.85g C) =(.15 g N/me-day)
(365 days/vear) = 54,75g N/nl.yr.

(10.72g C/m+day) (0.5)

(.007g H/1 g oM} (1lg OM/.5g C) =
{0 0075g N/m2.day) (265 days/year)s=
2.92g N/m2.yr,

(.15 N/me-day~.048g N/m2.day) =
incorperation leaf & wood fall

(.008g N/m2-day)(0,094g N/n-day)
(265 days/yr.) = 34.31lg N/m?.ay

(2.4g cM/m2.d4ay) (.59 C/1g OM)
(.02g v/g cH) (lg CK/.5g C})
{0.048g N/m2.day) (365days/yr.} =
17.529 W/m2.yrp,
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rable -1, Continued

Explanation

Eguation

matter {.5g C/1lg OM) gives the amount of carbon antoring the.
watey pool from this source each day. This iz multiplicd Ry

the amount of nitrogen par gram carbon to giva gzems nitrogsn/

m<+dzy antering the water pool. Golley found that the ratio
cf nitrogen to organic mattsr in the leaves of rFanaranian
tropical forsat ¢reea, including mangroves, was higher than
that in overall bicmasSt--=2,0 porcent,

{5'Rate of nitrogen entry into the Rung Sat watar pool from
rainfall

The amount of nitrogen contributed to ths water pool of Rung
Sat by rzinfall waa estimated from values for Lake County,
Fla., reported by Snedaker ané poole {i972), which was 7.0kg/
hectare:yr, Rainfall in the lake County 3raa is spproximately
50 in/yr., while that in the R ing Sat i3 ebout 80 in/yr,,=0
tha value for Lake County waz adiusted to the area of greater
rainfall by mcitiplying by 1.6 {80/50).

(6)Flow of nitrogsn from the Stigon River into the watar pool
of the Rung sat

The flow of the Saigon River at a point lmmediataely below sSal-
gon and above entry into the Rung Sat 18 60-30 meters/min. (an
average vaiue of 7% matars/min. was used in calcularions),
This amounts to T3(60 min/hr} (24 hr/day)=],08x10° meters/day.
Thig valua was doubled because cne other river also flows
acr»gs ke Rung Sat. The width of the Saigon River at the
polnt measured is appreximately 400 meatersg. The depth of the
river at that point wag aporoximately 12 meters, By multi=
vlying the meter flow per day by the depth of tha river znd
the width of the river, the total amount of river water flow-
iny over tha Rung Sat was egtimated. The total agea of the
Rung Sat s 700 xmd=7x102 m®, This value divided into the
total amount of river water entering the Rung Sat providss

an average amount of river water flowing acrocs the average
mater square of Rung Sat substrate each day, The concentra-
tion of nitrogen in the river is approximately equal to that

{7.0xg N/ha) (10009/kqg)
{1 ha/10,000 m) (1.6) =
i 0959 N/mz s yaar

2(400 m) (12 m) (1.08 x 10° m/day)
(1/7 x 10%02) (2q ti/m?) =

{(2.969 N/m2'day) (365 days/yr.) =
1080,4g N/mi/year
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Table °l. Continued

Explanation

of any other large river that receives sgwaqe ffca & Ierge
city. This valus iz approximately 2 g/m® (Cdum, persz. comm.)

{7)Export of nitrogen from a mangrove swanp &8 deiritus and
river runoff

This 43 3 two way flow because there (s alwaye sone Emoant
(.14 a/m%-day) of nitrogen entering the gwamp from the sea.
The floar in the othar directicn is greater, howover, €or the
combined ation of river flow and tica]l flux carries out to

the astuary 12,4 percent of the gross photosynthssis {detritus

fzrom leaf, wood, an¢ miscellaneocus fail) ard ail tha nitec-

gen from tha rivar that 18 not abscrbed into the mud with goil

watar.

{8) Movement of nitrogan from water pool inte mangrove mud
Calculations baged on data from Clarke and Hannon (1967)
indicate that the rate of water panetration into mangrove
scils varies from approximataly 1 to 10 centineters peor
day, depending on the number of crabholez the soil containg
Tha slow rate of water movemant is dua to tha almost con=
sistantly water=logzed state of thae2e soils, which are lo-
catad almost sntirely in the inmtertidal zone. Tha pre-
sence of burrows maintaingd by Ucs and other ¢rabg increases
the rate of water vanetration about tenfold,

The amcunt of water from the water pool that can be
abgorbed into ons square meter of mangrove mud each day can
be egtimated as follows:

Absenca of crabholes: (.Olm}(lmz) = (.01 m3wate:/hzoday
croximity to crabholes: (.im) (1m*) = .1 =% water/m“-day

The filow of nitrogen into the water poal frem the
river and the gsea is aporoximately 1,55 g/m“*day, assun-

. ing an average deocth of ons meter over the entire Rung sSat

{.0033 N/m2.day) + (2.96g N/m2-day; +
from rain from river

(.048g N/mz‘day) + {.005¢g N/hzoday)-
from detritus from mud

{.0273g N/mZ.day) = 2,988g N/me day =

concantration of nitrogen in the water
pool without export to sea

{2.988qg N/hz'day} - (0.21g N/h2°day) =
{2.777¢ B/n**any) (365 caye/yr.) =
1013, 61g N/m® year

(0.155¢ N/mz‘day) = {(0.020g N/m2.day)=
{0.1833 1/m2.day) (365 days/yr.} =
62.059 N/me.year

68



Table 1. Continued
Explanstion Egquation

and that river water and fea watar &a&re, on the averags, mixXe

ing An a 1:)l ratio,

If this mixture is absorbad into one

mater square of substrate per day according to the adbove var=-

tation then the flow of nitrogen into the
aleso, as follows:

Without crabvhales: (.01 mawater/h?arsagil

0.0155 g N/=
cratholess (.1 m3water/m2area)(l, gag h/b3aater-day)-

With
0.15%5 ¢ ¥/m

pubgtrate varies

;59 H/m3water-day}¢

sday

Egough nitrogan must mnove 1nto tha soll to replace the 0,15 gof

meday of nttrogea baing uged in photosynthosis.

IZ the cone

cantration of nitrcgan in the scil 18 as high (400-B04 g/m*<) as

estimated:-by Zinke even more nitrogsn may
goll than i8 taken up by thg trees,
absorption maybe operating,

be moving into the

Cthar methods of nitrogen
Poerhaps algae, bactaria, and filter=-

feeding organigma on prop roots and &t the surface of the mud
ara activaly taking in nitrogen, concantrating it in thair tis-
susa, and relezsing it in exgrenaﬁt and with death. A nitrogan

cgncaﬁtratzoa of 400-300 g/m< in the soil
{azzuming 1 m depth) in the water peol
effecttve meang of removing nitrogen frem
ing it in the soil must be cperating. In
measurements are nesded on this aspect of
ent cycling in mangroves,
Meanwhile, the flow of nitiogen from
mud hag bean set at 0.183 g ¥/m

compared to 0,21 of
suggests that an

the wetar and holde
addition, nitrogan
tha problem cof nubtrie

tha water cocl to the

*day to allow for encugh nicro=-

gen to maet the reguirements of the rate of photoegynthesis by
mangrove tress pluz soms excess to alloew for low rates of nitro-
gen lose intc the Ceasp rmud and back to the water pool,

(9) Nitrogen flow from gurfface scils to desep mud

The concentration of nitrogan in deep muds Buggested by Zinke is
very high compared to that of thae surface muds {s2ee last antry in
The sofla on which the mangroves were growing may

thia table).

.183 gN/md-day
from water pool

+ .020 g N/n2-day -
from roots

have ascumulated over a bed of nitrogenous peat, or leaching of

.170 g N/m2.day - ,005 ¢ N/m2.day =
nitrooen into deep soils may be taking place. The rate of leaching

te roots to water pool

.028 g N/mé+day x 36521G.22 gh/m.yr

D
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Table 1. Continued

Explanation

BEguation

to desp muds can be Aporoximated for a ateady«gtate gsystem,

{10) Rate of lozxsg of nitrogen from mud to water pool

Losa to the water pool 13 probably less thin the less te

ceap soils, eince tha deep muds have such & high concentration
as reported by Zinke. This was aszumed to e the case and
tha flow rate wag calculated for.a stexdy-state systenm,

(11) Rate of uptake of nitrogen from mud by mangrove rootis
Nitrogen uptzke from mud by the roote, like nitrocgen in-
corporation into above-ground bicmass, is a function of tbe
rate of photosynthesis, which is approximately 10,72 g C/ml-day
in South Florida (Lugo, Sell, and Snadaker, 1973). RAcoording
to Golley (13568), the nitrogen content of roots of tropicrl
treges is 0.8 psrcent of the crganic matter, & value slightly
groater than that of the overall tree. 7~ne ratio of carbon

to crganic matter 43 about 0.5.

{12) Rate of nitrogen loze from roots to mud through root detth
and decay.

In a2 mangrove forest in Scuth Plorida, Sell [pars. comm.) found
that approxinately 15X of the trees were d:ad, With the death
of tregs, roots gradually decay snd releazse tueir stere of
nutrienteg back to the golil. Deconposition procedes very slowly
in water-logged mangrove soils, which are highly anaercbicy
however, the fact that death ig a continuous process moans that
some decay is always Joing on. If wa assune that 15% of the
roots in tha goil are in a state of slow decomposition, then

sooreximately 0.15 times the rate of uptake by the roots is being

releassd to the poil,

{13} Pulse of herbjcide apnlicaticn, increasing the rate of leaf
fail and rate of wood removal by woodcutters until the supply is
depleted .

Trees are killed and the above-ground biomazg is removed by wood-

cutters, tidal flux, and decomposition.

.183 g N/m2-day + ,020 g N/m®*day =
from water pool from roots

.170 g N/m2.day - .023 g N/mi+day =
to roots te deap mud

+005 gN/mé-day x 365=1,025g N/m.yr,
(12,72 g C/m2-day)(,008 g N/ilg CM)
lg ¢M/.5 g C) 4,1699 g h/m *day)
(365 cays/year) = 62.05 g N/m2+yr.

+15 (0.1699 g N/m2+day) =
{.020 g N/m2.day) (365 Gays/year)=
7.30 & N/hz'yr.

16



Table 1., Continued

Exnlanation

BEguation

{14) Nitrogen present in compartments, accordmg to
estimates by Zirke (pars. comm.).

Laaves and wood
Roots

water pool

Mud

Leep mud

60 g N/m2
30 g N/m2
«21 g N/m?
600 g N/m2
1700 g N/m?
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Table 2.

Basis for calculation of phosphorus stocks and flow rates,

Numbers in parenthesis relate calculations

to compartments and pathways i{n Fig. B2,

Explanation

Equation

{1) Rate of incorporation ints above-ground biomase

This is a function of photosynthesis. Luge, S5ell, snd
Snedaker (1973) found that, in the mangroves on the west
- coast of Fioridsa, rate of photosynthesis was approximately
10.72 grams Carbon/m™ "day. The ratio of phosphorus to
carbon teken into the tree is equal to the ratio of
phosphorus to carbon in the total tree biomsss. Golley's
(1958) value for phosphorus of (.09 percent organic matter
wae divided by the amount of carbon in organic mat sr
(appreoxi aately 50 percent) to determine the retio of
phosphorus to cardon.

{2) Bxport by woodcutters

Stands of mengroves in Vietnam are generally cutover about
once every twenty years, so the removal vate is approxi-
mately 5 percent of the rate of incorperetica through
photosynthesis. The ratio of phosphorus Lo organie
matter in mangrove wood is approximately the same as that
for the overall tree, (.09 percent. The ratio of carbon
to organic matter is 50 percent.

{3) Misceilaneous loss of phospherus from bSiomass

In 3 steady-state system the rate of outflows should roughly
equal the rate of ifnflows. Phosphorus loss may oceur through
transpiration and unknown mechanisme as wall as by lerf and
wood fall and wood removal.

{4) Rate of phosphotrug contribution to water pool by leaves,
wood, and miscellaneous material falling from trees

Heald (1971) showed that 2.4 g organic matterfmz-day fell
from mangroves in a riverine forest in south Florida,

(10.72 g Clmz‘dny)(.OOOQIg P/l g oMy (lgoM/.5g¢C) =
0.0193 g P/n°-day X 365 = 7.05 g Plu’-yr

(10.72 g Cfmz-day)(.OS)(.OOOQ s P/lgoMi(l g oM/.5 g C) =
0.001 ¢ p!mzoday X 365 = 0,365 g mez'yr

{.019 ¢ mez'day) - (.003 g P!mz‘day) - (.00l & P!mz'day) -
incorporation leaf & wood fell woodcutters

0.915 g P/m’-day X 365 = 5.73 g P/nl.yr

(2.4 g OM/u’-day)(.5 g C/1 g OM)(.0011 g T/g OM) ,
(1 g OM/.5gC) = 0,003 g P/m’-day X 365 = 0.95 g P/a" -yr

6



Table 2. Continued | page 2

Explanatiocn.

Egquation

This value multiplied by the amount of carbon per gram
orgsnic mstter (.S g C/1 g OM) gives the emount of carbom
eaterizg ‘e watar poal frem this source each day. This

iz muleiplied by the amount of shosphorus per gram carbon
to give grams phosphorus/m -day entering the water pool.
Golley (1968) found that the racio of phosphorus to orgenic
watter in the leaves of Panamanian tropical forest trees,
including mangroves, was 0,02 percent higher than that in
overall biomass, s¢ the velue of 0.05 percent + 0.02 percent
= 0.11 percent phesphorus wee used in this caleculation,

{5) Rate of phosphorus entry into the Rung Sat wster pool
from rainfall

The zmcount of phosphorus contributed to the water pool of
the Rung Sat by rainfell was estimeted from values for
Leke County, Fla,, reported by Snedaker and Poole (1972},
which was 0.6 kg/hectare-yr, Raiufall in the Lake County
area is about 80 infyr, sv the value for Lake County was
sdlusted to the srea of greater rainfall by muleiplying
by 1.6 (80/50). The contribution of phosphorus by rain-
£f511 e very small compsrad to that from the sea and
especially compared to that from the river.

¢{5) Flow of phosphorus from the Szigon River into the
water poel of the Rung Sat

The flow of the Ssigon River at a point immediateiy be-

low Saigon and &bove entry into the Rung Sat is 60-90 a/min
(an sverage value of 75 m/min was used in calculatiog).

This amounts to 75(60 min/hr)(24 hr/day) = 1.08 X 10" m/day.
Thia value was doubled bacause one other river also flows
across the Rung Sset. The width of the Saigon River at

the point measured is approximately 400 m. The depth at
that point is approximately 12 m. By multiplying the

meter flow per day by the depth of the river and the

width of the river, the total amount ¢f Tiver water flow-

ing over the Rung Sat was estimated. The total area of

(.6 kg P/ha) (1000 gfkg)(l ha/10,000 mz)(ilﬁ) "
0.1095 g P!mz'yt

2(400 m) (12 m)(1.08 X 10° m/dey)(1/7 X 10° m2)(1 g P/m°) =

1.48 g P/a>-day X 365 = 540.20 g B/m’.yr
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Table 2. Continued, page 3

Explanation

Equation

the Rung Sat iz 700 km2 =7Xx 108 mz. This value Jdivided

into the total amount of river water entering the Rung Sat
provides an average amount of river water flowing across
the average meter square of Rung Sat substrate each day.
The concentration ofphosphorus in the river i{s approximately
equal to that of any other large river that receives gewage
from & large city. This value is approximately 1 g/m
(0dum, pers. comnm,}.

(7) Rate of export of phosphorus as detritus and river runoff

This is a,.two-~way flow because there is alw= ~ some emount

€0.02 g/m” ~day) of phosphorus entering the swaep from the sea.

The flow in the other direction iz greater, however, for the
combined esction of river flow and tidal flux carries out to

the estuery 13.4 percent of the gross photosynthesis of the

trees (detritus from leaf, wood, and miscellanegus fall) and
all the phosphorus from the river that is not absorbed into

the oud with soil water.

{8) pate of movement of phosphozus from water pool to mud

Calculations based on data from Clarke and Hannom (1967)
indicate that the rate of water penetration intc mangrove
soils varies from approximately 1 to 10 centimeters per day,
depending on the number cf crabholes the soil contains, The
slow rate of water movemeat is due to the almost constantly
water~logged state of these soils, which are located almost
entirely in the intertidal zone. The presence of burrows
maintained by Uca and other crabs increases the zate of
water penetration about tenfold.

The flow of phosphorus into the water pool from the river
and the sea 1s approximately 0.75 g/mZ-day, assuming an
average depth of 1 meter over the entire Rung Sat and that
river water and sea water are, on the average, mixing in a
1:1 ratio., If this mixture is absorbed into 1 m? of sub~
strate per day according to the wvariation shown in the

first two equations, then the flow of phosphorus inte the

{.0003 g lezoday) + {1.48 ¢ mezoday) + (.003 g P{mz‘day)

from rain from river from detritus

+ (0120 g Pfm>-day) - (.0756 g P/u’-day) =

frem mud to mud

1.419 ¢ ?lmz‘day X 385 = 518.04 g mez-yt

(.01 o) (1 =) = 0.01 m3 water/n?-day
(.1 m(1 mz) = 0.1 u? waterlmz-day

Abéence of erabholes:
Crabholes present:

Without crabholes: (.0l m3 w/m2)(.75 g P/n3 w-day) = 0.0075
' g P/m2.day

With crabholes: (.1 a3 w/m2)(.75 g P/m3 w-day) = 0.075 g P/
me-day

D
1>,



Table ' 2. Continued , page 4

Explanation

Equation

substrate varles also. The maximum rate appears on the energy
diagram (Fig. B2). A family of curves based on flow rates
ranging from the minimum te the maximum calculated can be
achieved through analog simulation. The maximum rate provides
an access of phosphorus relative to the rate of Incorporaticn
into blomass through photosyrthesis, 1I1f Zinke's estimate of
a surface soil concentration of 0.5 g P/md is substantiated,
then phosphorus accurulates very lintle in surface muds,
leaching to deep muds or back to the water pool instead,

Much more information is needed on the bezhavisr of phosphoras
in mangrove solils.

(2} Phoaphorus flow from surface soils to deep mud

The concentration of phosphorys in deep muds suggested

by Zirke ia very high compared to that of the surface

wuds (Bee lazt item in this table)., The s0ils on which the
mangroves were growing may have accumulated over a bed of -
phosphatic sediment, or leaching of phosphorus into deep
soils may be taking place. The rate of leaching to deep
muds can be approximated for a steady-state rysten.

(10) Rate of loss of phosphorus from mud to water pool

Loss to the water pool is probably less than the losa to
deep s0ills. This was assumed to be the case and a rate
value was calculated for a steady-state system.

(11) Rate of uptske of phosphorus from mud by mangrove
roots

Phesphorus uptake from mud by roots, like phosphorus in-
corporation into above-ground biomass, is a function of the
cate of photosynthesis, which is approximately 10.72 grams C
per m4-day in scuth Florida (Lugo, Sell, and Snedaker, 1973).
The phosphorus content of mangrove roots is approximately
0.11 percert. The ratio of carbon to organic matter is

about 50 percent.

- from water pool

.075 g P/m2-day X 365 = 27.59 g P/uZ.yr

.08 g P/al-day + .0002 g P/m2°day - .0195 g Pimz‘day

from water pool from roots to roots
~ 0120 g P/m-day = 0,0443 g mez'day X 365 » 4.38 g P/
to water pool meryr

.08 g P/ml.day + .0002 g P/mZ-day - .0195 g P/m?-day
from roots Lo roots

- .0443 g P/n2.day = 0,012 g P/m2.-day % 365 = 0.012 g B/
to deep soil nl-ye

(10.72 g ¢/m2.day)(.0011 g P/1 g OM)(1 g OM/.5 g C) =

0.02 g P/nl-day X 365 = 7.12 g P/ml.yr

L6



Table .2. Continued, page §

Explanation

Equation

(12) Rate of phosphorus lcss from roots to mud through .15(.0195 g P/m2-day) = 0,0002 g P/m?-day X 365 = 0,07 %
il

root death and decay.

In a mangrove forest in scuth Florida, Sell (pers. comm.)
found that appreoximately 15 percent of the trees wera dead.
With the death of trees, roots gradually decay and release
their store of nutrients back to the seil. Decompesition
procedes very slowly in water-logged mangrove soils, which
are highly anaercbici however the fact that death is a
continuocus process in the mangrove comsunity means that
sone decay is always going op. If we assume that

L% percent of the roots in the soil are in 2 state of
slow decoemposition, then approximately 0.15 tines the

rate f uptake of phosphorus by roots is baing released

to the soil. The concentration of phesphorus in the

soll is one half that in the roots, an entirely different
case from that cf nitrogen, where the concentration in

the soil was several hundred times that in the roots.

{13) Pulse of herbicide application, increzsing rate
of leaf fall and rate of wood removal by woodcutters
until the supply is depleted

Trees are killed and the above-ground blomass is re-
moved by woodcutters, tidal flux, and decomposition.

(14) Phosphorus present in compartments, according Leaes and wood
to estimates by Zinke (pers. comm.) Roots

Mud
Water Pool

2.5 g pim?
1 g P/o?
0.5 g P/m2
0.03 g P/n?

[

B/
.yr

g6
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INTRODUCTION

Between 1962 and 1969 about 5 million acres of forest land and crop
land in Viet Nam were sprayed with herbfcides. Agent orange, containing
2, 4D and 2, 4, 5-T, and agent white, conteiuing 2, 4-D and picloram,
were applied st rates of 11.7 pounds per acre and 5.6 lbs. per acre res-
pectivaly in multiple_applicaticn§ (Colley, 1971; Tachirley, 19&9). In
much of the sprayed areas, reestablishmenc of the original forest has been
negligible. (Golley, 1971), One such nrea: the Rung Sat Delta, south of
Saigon, was chosen to atudy the poasiﬁle causes of thz lack of coloniza-
tion. Ths area is thought to have been las: sprayed in 1978. Mangroves
which once covered about 80Z of the area have been killed and the re~
waining dead wood harvested for fuel. Aerial photographs taken in 1971
indicate litcle or no seedling growth in this area. N

Originally ﬁhe area consfsted of a gradient from predominantly red
uaégruves (Rhizophnza sp.) on the seaward side to-a mixture of red and

black masgrove (Avicennis sp.) on the fuland side. The sesward side is

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

qgnd, while on the inland wide inundation oeccurs only during the highest

tides and sa.‘nities are less, ranging between 15 and 25 ppt. The Saigen

River borders tha area to the west. Mangroves still sccur to the north,
interspe:sed vith farmiand.

Climatic data for the region Qre gearce, but some data are avail-
able from Tan-Scn-Nhut (Saigon). Rainfall is greatest in Septembex
and loweat in ?ehruarx (Table 1). %emperatures sre warmest in May, but

the mean monthly air «temperatures vary lecs than four degrees annually.

01



Tatle 1. Maximum, minimum, and mean monthly air temperatures (°C)

and mean precipitation (mu) for Saigom, Viet Nam (after
Conway (1963) and Cuong (1964)).

Maximup alr Mintmum air

Mean air

Precipitation

temperature temperature temperature

* January 32 w 2&. [
Februery " 18 25 . 3
March 3% 19 2 6
April 38 20 .28 55
May a8 18 29 200
June 35 18 26 *205
July .33 18 25 4+ 200
August 32 18 28 :'m
Teptember Kk} 17 26 198
October ey 17 .26 202
November N 16 2 6k

a 15 24 35

\ Decenber

102
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Solar radiation remaina at about 323-375 langleys day'l' wost of the yeer
because of the constant cloudiness. The sunniest monthe, February, March,
and Aoril are also ths driest (Table 2), with the daily radiation

total fncreasing to 400-450 langleys day“l

The reasona why the mangrove vegetat'ionlis racwer:_[ns‘slowly
or poasibly aot at all are not yet Pm;wn. It is however posaible .t:o spe~
culate as to what is currently happening. The purpoaé of this paper is
to briong together existing knowledge of the area in terms of climatological,
geological, and physiological c.hat;aééaz:lut:tcs in order to attempt to under—
stand the iarocessea and interactions :Lnfluem_:;ln; tedevelcpm?nt :ln the Rung
Sat area. The mathod we ghall use 1s digital wmodeling. Without giving
on extensive review of the history and validity of digital ﬁodeling,
digital w. teling ;u; a éechn:lque in ungle:_:'standh;g relationships and
interactions within a system, Qhethar it be blological, chemical,
or physical, has demonatrated ftself in the past to be a useful tool. .

" & model {s only baneficial if 1t h:ulps to clarify our understanding
of relationshipe within a system. A wodal is most ugeful 1f 1t utilizes
relationships and ﬁ&mtera ﬁhich cen be measured. Also thsaodel should
yield {nsight into the processes 0£ftha oystem that i) require further '
izvestigation and 2) are most crucial to tho system. This is the philo-
sophy used in this modeling axercise..l The mo#l is based on daea
recordeﬁ in Itl;a literature and frem fiald faeearch on mangroves f.?an':l.ed
out fa south Florida on an A.E.C: contract.

. Although the reasons why manpgrove vegetation is not recovering or

1is recovering very slowly are not clear, several hypotheses that could be
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Table 2. Mean wonthly vaeluvey of total solar radiation for Saigem
frogll:he Dept, of Comeerce (1968). Units are langleys
day ~, :

Honth Mann Langlteys
January ‘ 350
Pcbruery  an
March 456

Capril a3
May T 368
 June S m
Doy T ags
August o 369
Septenber - ' - 356
'qmm . -
 Novesber V"

Decmb. ber ' o . 316-




tested uging digiral simulatioas wer: constructed. These hypo%hcses
are'étteﬁﬁts.éézéeiiﬂeate the ﬁhysical and biological processesa Qcting

-to constrain the redevelopment of the mangrove forests. The hypotheses
stem from the idea that upon removal of the vegetation, the microclimate
is changed. The ney microclimaté will then influcnce all of the vege-
tation attempting tn‘establish in that area. Four principal hypotheses
were constructed to be tested by the digitsl simulations, These were:

1) Surface temperatures lethal to propagules and seedlings may be

pfoduced at certain times of the year.

2) High leaf temperatures may be reached in the exposdd seedliag

canopies causing a decresse fn met production, and 1f leaf
-+ temperatures Qre htgh encugh, an iscrease in secdling mortality.
3) The eubstrdte surface dries faster than the mangrove seedlings
can grov roots, end the propagules die of desiccation at certain
tines of the year.

4) Low frmmigration and high mortalities result in slow propagule

establishment and reforestation.

Predation by man and herbivorous animals were not cohaidered;

- nor was competition between mangroves and.other specias: such &3 grasses,
because the principal constraint on the mangrove redevelgpment was thought
to be due to envirommental factors or to physiological responses,

" Two modeling approaches were undertaken: a total eco;yatem m Zel
which aimulﬁtes the redevelopment of mangroves over a span of sevsral years,
and a detailed physical and physiclogical resﬁonse wodel (CANOPY) of man~

'grove-environmegt interactions, which simulates a period of twenty-four hours.
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Degcripticn of each model and a dievwssion « £ the data base, simulation

results, &.J conclugsiona are présented separately in the following weciioa.
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DRSCRIPTION OF THE DETATLED PH{SICAL AND PHYSICLOGICAL
- RESPONSE MODEL
¢ X. CANOPY

CANOFY 1s a canopy-sicroclimete-primsry production model which
estimates hourly values of net pfimary production and transpiration by
strata throughout a canopy. CANGPY palc.u];stes the microclimate of the
‘gtrata and thon evaluatea the ;ff?cr. of the microclimate on the vege—
tatios. The model will be discugsed in two parts: 1) a description of
the processes influencing tha mterometeccological profiles and 2) a des-
cription of the processes infliencing leaf temperature and primery pro-
ductton, . _— '. R '

To best underetand how CANOPY works, we will briefly run through one
cycle of the program (Figura 1), This degeription fs given here in ovder
to give the vesder an idsa of the procasssa and interactione invelved in the ‘
aodal. Input dats necessary for CANOEY includa hourly microclimete values,
ca&;opy leaf area d:l.atrﬂiut:iona. sad phyafological paremeters for the species
bellng modeled (Tablas 3-3). -Eourly.'calculatiom ary then made on the pro-
cesses within che canqpy which inZluenca pMy preduction, transpiration,
fmd energy exchengs. Short wave radigtion penetxation through the éanopy
is ealculatad u described by Miller (1969, 1972b). Tranupirvation, internal
leaf vater status, and water uptake ratas are then calculsted, The profiles
.of microclimatic variables are dotermined ﬁy & wodification of the model
discuseed by Waggoner and Reifenydar. (1968). ieaf temparvatures ave calcu~
lated by an fterative sclution of tha lesf energy Lndget, _ Pinally, net photow
mcpeéis i3 estimated, Hourly mti@n ere printed, after which the model

proceads to the next hour vith the informaticn needed from the previous hour,
A flowchart of CANOPY appaave as Fi;ui’e la,



- Input Data
3 r
Begin hourly calculations:
Calculate by strata throughout the canopy.
1. Short wave radistion
2. Trangzpiration streem variables
3. Microclimacic profiles
4. Leaf temperatures
5. Net photosyntiwsis -
6. Hourly output
YES
Daily swmaries
, L]
. Ler ot Bt
- 1
I L AT L
Figure ). Genersl flowchart of the program CANOPY. ’
' S LRI natn e P ST T SN
i P ERS @+ ' i L -.m f
,":-.' 4 i ¥
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other microclimate
processes

Radiation ptocesses

leaf processes

i e A d— L il ekt S " —_ —

rts Nustrating the interrelations between canopy variables and physic'a processes, Sym-
explnined in the text. The upper chart Hlustrales the interrelations for one level in the
canopy; the lower chart, for & canopy divided ino chres lovels {(after Miller, 1972)



1o

Table 3 . Microclimate input datas for CANOPY. All values are for
& point just above the top of the camopy. Units for
radiation are cal co~2 nin"'l. Sor air temperature degrees_l
Celsius,for vapor deusity g a -, and wind velocity cm sec .

February sunny
Houz f:;:: f::gfe :::;a:ﬁ tempﬁ:ture va:z den. ::;gcity
1 0 0 0.60 23.0 19.0 60.
2 0 o " 0.60 2.0 19.0 ¢0.
3 0 0 0.60 21.0 19.0 60.
4 ) 0 . 0.60 20.0 19.0. 60,
s 0 0 0.60 19.0 18.5 60.
6 0.. 0 0.60 20,0 19.0 80.
7 0.0 010  0.60 21.0 19.5 100.
8 0.0 010  0.60" 2.0 2.0 125
9 1.00 020 0.60 7.0 20.0 . 150,
10 115 0.25 0.60 29.0 200 175
1 L20  0.30 0.60  31.0 20.0 200.
127 130 030 0.6 2.0 205 22,
13 - L2 030 060 3.5 2.0 . 250
W L5 030 060 . 0.5 205 % 200,
15 . 100 0.25 0.60 30,0 20.0 ” .1,
16 0.0 0.2 0.60 3.0 200 s,
u 0.50  0.20 '-'”I'o.oo.' | _zs.s' "'_'z‘_o.o' 150,
B 010 01 o 20 195 8.
19 0 0 0.60 - 285 195 8.
20 0 . 0 .G 280 195 60
n o . o ok - 20 10 .
2 o 0 0.60 26.0 19.0 60.
23 0 0 0.60 25.0 19.0 60.
24 0 0

0.60 24.0 19.0 60,
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Table 3. (com::lnued).

February average .
Hour Total Diffusa Tufxaraed Alr Afr Wind
solar solar from sky tenperature vapor density velocity
1 0 0 . 060 2206  19.0 60.
2 0 0 0.60 = 22.0 19.0 60,
3 ) 0 0.60 22.0 19.0 60.
s ) 0 0.60 22.0 19.0 60.
s o 0 0.60. 23.0 19.0 60.
"6 - e 0 0.60 2.0 19.0 80.
7 010 0.05 060 25,0 . 19.0 100
8 "0.40  0.20 0.60 26,0 19.0 125,
9 070 0.30 0.60 270 19.0 150
10 Tod0 030 0.60 270 190 125,
“u 0.90 0,40 0.60 7.0 190 200,
T2 1.10  0.50 © 0,60 " 28.0 9.0 225,
13, Y 0.0 0.60 o0 280 196 ‘250,
24 . 0.80 0.60 - 0.60 280 190 22,
Y18 020 0.50 060 210 19.0 200,
16 0.0 0.0  0.60 27,0 19.0  150.
E U 0.40  0.30 .60 . 220 19.0 150.
18 000 0.10 L 060 26,0 . 19.0 100,
1 o o 0,60 ‘260 190 80,
" 20 ) 0 0,60 250 @ 190 60.
u ‘e o 0,60 %0 190 60.
‘22 e ) " 0,60 23,0 19.0 60.
23 o 0 0,60 220 13,0 60,
2% 0 0 0.60 22,0 19.0 60.
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Table 3, (continued).

May sunny
‘ L]
Hour Total Piffuse XInfraved ] Alx Alr Wind
. aolar solar from sky temperature vapor den. velocity
1 0 0 0.60 25.5 24.0 60.
2 0 o 0.60 250 240 60,
3 0 0 0.60 . 265 24:0 60.
4 0 0 0.60 240  24.0 60. °
s 0 °© - 0.0 26.0 26.0 50,
6 0.05  0.05 0.60 - 25.0 24,0 §0.
2 .35 0.0  0.60 .28.0 24,0 100,
8 0.70  0.20 0.60 3.0 24.0 125,
9 1.10  0.50 0.6 33.0 24.0 150.
10 115 0.60  0.60 3.0 2.5 175.
n 1,00  .0.70 .  0.60 35.0 2.5 200.
12 0.90  0.70 0.60 35.0 - _"z&.s 225,
.1 6.86 0,80 0.60 33,0 26.5 250,
U 0.70  0.70 0.60 2.0 25.0 225.
15 0.65  0.65 660 310 2.0 200.
16 0.60  0.60  0.60 30.0 24.5 150.
17 0.50 050  0.60  29.5 24.4 150.
18 0.40 0.40  0.60 29.0 24,5 100.
19 . 010 020  0.60 . 285 2.5 80,
20 o 0 :.__'.__o.so 28.0 24.0 60.
2 0 0 . 0.60 21.5 24,0 60.
22 9 ‘0 . 0,60 2.0 2.0 0.
23 . e o _ 0.60 26,5 24,0 60,
24 6 .0 . 0.60 26.0 L0 60,
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Table 3. (ceutinued).

May avarags

Eour :':gi gﬁgu g:ﬁ;a:g tempA:::ature v:::;r den. ::?:city
1 0 ' 0.60 2.0 - 26,0 60.
2 0 0 0.60 26.0 26.0 60.
3 0 o 0.60 26.0 24,0 60.:

-4 0 0 0.60 26,0  24.0 60.

'S 0 0 0.60 26.0 24,0 60.

6. o0 0 0,60 2.0 %o 80
7 0.20  0.10 1 0.60 2.0 20.0 100,
s 0.50  0.30 0.60 28.0 2.0 125.
9 0.70  ©.40 0.60 29.0 240 150.

10 .80  0.40 0.60 00 4.0 .

n 0.70  0.60  0.60  30.0 240 200.
12 0.70 070  0.60 30,0 .0 225,
13 0.60  0.60 0.60 0.0 240 25
1. 0.60  0.60 0.60 0.0 240 225,

1500 - 0.50 0,60 30.0 24.0 200.

" 16 0.40  0.40 0.60  30.0 2.0 175,
12 025  6.25 0.60 ~ . 30.0 24.0 150.
B 015 0.5 0.6 20,0 24.0 200.

.18 0.00  0.10 0.60 28.0 2.0 80.

20 0 0 0.60 21.0 26,0 60.
21 0 0 0.60  21.0 4.0 60,
2 0. o 0.60 20,0 230 60.
23 ° 0 0.60 27,0 24,0 60.
2% ‘o 0 0.60 26,0 24,0 60,
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_ Table 4. Stand structure used in the CANOPY simulations. The
total LAI is approximately 0.45. Strata 1 is at ihe
top of the canopy. The actual data is hypotherical,
but canopies of similar structure are found in man-

grove pwamps.
Strata - Leaf Aree Index Leaf angle {°)
1 -.002 ) e
2 050 | s
3 075 | .
4 100 | 42,
s awe
6 .075 T .
7 .050 TS
'8 .003 .
. RO ¥ { i

A



Table 5. Physioclopiesl nn;mt parameters to CANOPY and values ugsed in
the simulations. All data are for Rhizophora mangle,

-

Variable Symbol Value Data Source
" minimum leaf resistance Toin 0.04 min cn-l Miller and Ehlecinger(1972
cuticular leaf reaistance 0.50 win m-l !ﬁ.,ll.af and Ehleriager{1972

cut

photosynthesis Iight
parsmeter ap

T e

Lee o e Copt

2.5 eu? 1y(500,)"

photosynthesis light ‘9
parapcter bp 0.03 gCOélycn
sboorpzence S a 0.60 K
wesophyll resistance LI | 0..30'a1n cn"l
root resistance r, 0.2 wla cm Tbar ¥
stomatal light parameter D 14, ly-lnin
leaf resistance parameter X | 16,
. saturation leaf density D, 50 mg ca 2
N : _ -
Photogynthesis System 1
leaf tespernture w/ 0.0 net o
photosynthesis To 10 “c
leaf temperature w/ 0,0 net .
photosynthesin T. - 371"%¢,
-optimum leaf tewperature T . 27 *¢c
for photosyntheais op
Photosynthesis System 2
p 7 . 10 *c
i 40 *¢

Miller (1972)

Mller (1972)

Miller (1972)

Yaore,et 3l, (1972)

Miller and Ehleringer(1972.
Miller and Ehleringer{1972]

}ﬁller and Ehleringer (1971

Miller (1972)

Hoore.el:.al. (19723
Moore,et al. (1972)
- Mooreset al. (1972)

Loy o

Hypothesized
Hypothesized

_ Hypothesized
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’ CANdPY Incorporates several digital models ﬁhich have been Or are being
:d;e;sc?i‘l;ed in the literature. These are: 1} a modsl to describe solar
radiation penetration into the canopy from Mtller (1969, 1972b); 2) a
-lliodel to estimate net primary production, leaf temperatures, and physfcal
_p-r‘oceslses within g canopy from Mtller (1972a) and Miller and Tieszea (1972),
3) a modal to describe water relations within plants from h;:l.ller and
Ehleringer (1972), 4) a model to calculate microclimatic profiles from
Waggoner and Reifsnyder (1968), and 5) a model to calculate soil tempera-
turés. soii water ;oni:ent, and the movement of heat and water in saturaced
uid :nomt'ur:ated sﬁ:lls from Ng snd Hiller (1972}, MNo att.'empt will be made
heu to give a complete déscription of the models as more complete discuseions

can be found in each respective paper.

GAﬂOPY is an updating of these wodelw, Incorporating equations which

expresa a more detalled mechanistic undevstendlung of processes affecting
pt:lnary production than were discussed in the’ Miller (1972a) primsry production
mdél. Thege additional equations will he discussed later. CANOPY 1s further
nod:l.f:led to simulate proceasses affecting prinary production and revegetation

o! ‘mangroves - -in tha BRung Sat Delta, Viet Mam.

szcific features of CANOPY for the Bung Sat simulations 1nc1ude the

hypui.uas:lzed effects of herbicides on photoaynthesia aud the effect of salt ‘

water on the soil water potential and on trmspi:ation.

NETEEEEPENPI § A mcaormmonomxm'mnms

- ., . Pt e . -

LR T IR

Htcrmteorological profiles axe calculated by four submodels: WAR,
" RADMOD, S().IL‘I‘. atid INFRA. WAR 48 the suimodel to calculate air tempera-
ture and vapor dens:lfy profiles, modified from Waggomer and l.eifsynder {1968).
RADMOD 1g the Miller (1972b) submodel for ealculating short wave radiation
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profiles vithin the canopy. The submidel for the calculatlon of values
for.so:l.l variables is SOILT aud is adapted from Ng and Miller (1972).
INFRA 18 a snbmlodcl which caiculates.infrared rad:lacionl profiles.

Aa microclimatic input deata to CANOFY, we need 24 hour values of
total short wave radistion, diffuse short wave radfation, {nfrared radiation
from the sky, air temperature, an.d the vapor density for a point just above
the canopy. Given also th-e lcaf osrea, leaf anéle distribution, and the
declination of the sun for the 24 hou?;' period, the microclimatic profiles
for alr temperatuvre, vspor densit}. and ghort end long wave radiation.

Urilizing the canopy leaf evea distriboticus, RAIAOD calculates profiles of

direct, diffuse, and reflected radiation,

The WAR submodol uses as input the solar radistien pro‘files. aix tempe=
reture and vapor density above tha e&nopy; the soil surface temperature, the
vapor denaity just above the soil surface, snd the profile of diffusive leaf
resistances, The values for the profila of leaf resistances coue from the
trangpiration stream culculatfons portion of CANOFY. Soil temperature ;md
vapor density just above the soil surface are calculated by SOLLY. SOILY
calculates the surface temperature, soil water content (valmivo_lm‘), sofl
suction, and ;011 water poteﬁ:tals (bars) to a depth where daily fluctuations
no longer occur. S '

The WAR submiodel then proceeds to iteratively solve for the air tem—
perature snd vapor deneity proéilca vh.tle lcaf tempevatures are being cal-
culated. An intermediate infrared radiztfon submodel INFRA supplies cal-
culated values of infrared radiation from leaves, grouﬁd. and eky to the

at e b

Jeaf and air temperature calculations,

KETL LT
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111, LEAF TEMPERATURES

leaf temperature calculations ara based on the heat transfer equation
for a single leaf (Cates, 1962; Miller, 1967) which states that in an
equilibrium atate the energy absorbed by a leaf equals the energy lost,
Hozeover tha absorbed encrpy from sofar nnd infrared radiation and con-

vection 1s lost by reradiatfon, cenvection, and transpiration. Thus

a8 + ¢lR « 1R

, tC + IX , -

-

vhere: a 13 tha leaf abaorptancg to solor radtation; S 1s the golar ra-
diation incident on the leaf; ¢ 1s the ebsorption of the leaf to infra-
red radiation; IR is the infrared radiation from the environment incident
on tha leaf; mz 1s the infrared reradiation by the lesf; C ia tho con-
vactional encrgy exchange; L is the Jatent ket of evaporation; md, E.
1s the evaporation rate. : e e e
Each process by which enexgy is l.oat from the leaf depends on tha

leof tempexature. Thus 1£ the leaf temperature is T, ia ‘c, .

) -m-ze(r + 273.)% - : ‘ @
"'(0, r& o)(r +r)l X -"(,"

vhere: ¢ 1¢ the Stefan Boltzmann constant; he 18 the convection coeffi-
clent; o ""z is tha iatm:at:ion vapo.x density at laaf 'tmp-eamre: Pa is
the vapor density of the gir; T, is the leaf resistance to water lose}
and, 1;‘ is the laminar boundary layer resistance. Once the absorbed ra-
diation ta knowm, laaf temperatera end transpiration ¢am be calculated by

solving the above equations simulﬁmeously by {iteration,
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“r '1¢. PRIMARY PRODUCTLON CALCULATIONS

The net photosfnthetic rate 15 a good index of the rate of primary
production. This befng the case, we focus our model of primsry production
on determining the rﬁ:ea ;f net phntosynthesia at.éhn Jifferent strata
withih a canapf. The fhysiological leaf parameters determining thia rate
of photosyuthesis be;ome quite impértan:. If a model 1s to accuratelf Ei-
nulate photoeynthesis, it must also accurately simulate those paramaters
uh!ch.indirectly deteruine the rate of phocosynxhesis.

Net phacasynthesis ia related to tha abaorbed aolar radiation. atmog~
pherie csrbon diomﬁde content leaf reaistance, bouudary layer resistance.

and mmncphyll resiscance by tha aquations.

A l’ .[mﬂ.]. '-lcozlc-ql_

oo #21.5, +¢

" (modified after Gaaatra, 1963) (5)
VieonariLtLie ot N A nes o ’

s By = (sS) (225 +b )” ' O&mteil:h. 1965) ()

Hhere: P 1: the unndjunted net photosynthatic tate; {Cﬂz] and [COg]chl
ire the carbon dioxide concentrations in the afr and at the chloroplasts; LI
1a the mesophyll resistance to carbon dioxtde transport; and, a, and hp are
parameters empirically derived from the photosynthesis light response curve,
The leaf resistance to vater transfer ia no&iftx” for'carboﬁ dioxidie diffusion

by multiplying by the vatio of the diffus;on coef’fcients of carhon dioxide

!y St oa PV P .
. P s - - A v wma wa. b

and “cer-

Leaf tempe:atura and herbicide influence net photosynthesis through the

equationsy.

Byp = GhT, = T/ (T = T -om
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Py (Pnr)fl -8 o )

P L L - -

C R Hebhe™t o | (9)

uherei Pup 18 the net photosynthetic rate after the effeeF of temperature

is included; T. is.the leaf tem;erature at which net phototeyutheeis equals

| tero; T is the optimum leaf temperature for photosynthesis. There are |
two values for T,, ene on sither aide of Tepc‘ The one uged deuends on which
side of the optimun leaf temperature the leaf temperature falls.

rﬂtﬂ is the net photosynthetic rate after the effects‘of.the
ﬁetbicide ueue been inciudeu; H i3 the relative effact of the herbicide on
phuteeynthesis; b reletes the herbicide concentration to its effect on tha
photogynthetic process; h is the initial herbicide conceuffetion; kis
the decay coefficient for the herbicide; and t is the clapsed time since
the herbicide applicattos. -

wwrzt

W ue: photosyuthesisvis first caleylated by equations (5} and (6),
lnd the sualler of the tvo values is taken as the gctual valua. This

allows photosyntheats to be 11mited by both Iight and by carbon dioxide
diffusion. The calculated value of net photosynthesis ls theu cortected

!or the effecte of 1eaf temperature and herbicides. Teuperaturelaud
herbicide effects are aseumed to be lineer. Linear interpolation for

the tempereture effecta on. pho:osynthesis yields a fair epproxination to the
temperature response data of Huore et al. (19?2). ) .i: o .nt-;c*.;,; .

“'ne: photosv.thesis for tha canopy is calculated as

"""Pt - x (1 m)(MI y S RN EE T RPNy ¢ 1))
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vheve: :?T is the tétal netr photosynthesii; i?NTH 1is the net photosynthetic

rate at the i~th level; LAI, is the leaf area index at the i-th level; and,

i
e 1s the number of levels in the canopy.

V. TRANSPIRATION STREAM CALCULATIONS

Water movement out of the leaves ig relsted te the vapor dan;igy gra-
dient and to tha reslstances to water diffusfon by the equation as pre-

viously described in equation (4).

_ Internal leaf water atatus is dapendent on the leaf water deficlt,
This is the relative ssturstion deficit (Barrs, 1968) from the fully
turgid state. 1t is expressed as a percentago and 1a related to th.

.oy

transpiration and watat uptake ratea as )

uherek"ﬂb& ard Wu_ . are the leaf water duficite st tive ¢ and time t-1;

-1
nrfil the saturation lesf density, and W, up is the water uptake rata. The

saturation leaf densicy is deficed as che fully tu:gid leaf wuisht per squara

centimeter, . Y 2

+

Tha leaf water potential is calculated as a second order regression
from the data of Miller and Ehleringer (1972). The regression ia '
t -o.:a-o.aewn-ooam’ B ¢

uhcre *l is” tha Ieaf wncer potential .

_ The wacet nptakg rate is ca!culated uaing the Ohn's Law analosy. uhere

. ths potential driving zor e 1s the water potential gradient hetwaen the leaf

and tha soil, Rnsistance to water uptake le offered by rhe roota and the
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soll. The uptake rate 1s also moderated by the rolative surface areas of the

roots and leaves. Thus,

Wy = al, = )/, + 1) Ty

where: a is the ratio of root to shoot surfoce areas; e is the sell water
potential; and, T and r, are the resistances to water tramsfer of the roots
and s6il respectively. These resistances sre aseuped to be cnnst;nt.

Soil water potentia} is celsted to the sosuvater and {8 herein assumed to
contain only sodiuam chloride, su the equation for soil water potential sim-
plifies to, )

¥, =85 +yS, T S TR ¢ 1)

vhere: B is a couvergiﬁn fncgor velating mean ecil suction.(s;)-to waf?r
potgutial; ¥ 1s a'cnnversion factor relating molarity of ;odiun chloride
to water poteﬁtial; and s is the énlinicy of the soawater._ ’

. Leef tesistance to water loaa 1s related to the solar radiation eb-

*

aorbed by the leaf and the in:arnsl water atatua by the equation,

£

» - QS(B“D + m ) - - -"' N - . I )
st (from Miller and Ehleringexr, 1972)

.y
:i -

. 1+ as(p) .
' . S R
vheret Fout i3 the cuticular resistance, the resistance with the'atopata
eomyletély cloved; g and m are constants rnlgted to the water deficit at

vhich the minimun resistance occurs; x ia an axponcnt related to the steep-

ness of the 1ea£ resistance-water deficit curve at hiah watar deficito, and,

Cow

b is a parannter related to the stoma:nl opening with light.

Trannpiracion attean calculntions commance with the calculation of the

R R T . e L e
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the: leaf water deficit, based on the transpiration rate and water uptake
rate of the previous period. Caleulation of the leaf water potential
follews, aftervhich the leaf rasistance can then be calculated. The soil
water potential and uptake rates are calculated afrer the leaf resistance.
Transpiration 1s sclved for iteratively as the leaf temperature L¢ being
calculated, Total water loss by the capopy is calculated in a manner

fdentical to the calculation of met photosynthesis in equation (10).
' vi. CLIHATIﬁ iN?UT DATA

The CANOPY simulations used climste data for the menths of February
and May as input data. These two uogths ware chosen as they represent ex-~
tremee in climate conditicas. February is the driest and one of the sunniest

wonths of the year, whereas lay 18 ove of the warmest and cloudiest months
(Tebles 1, 2).

If the environment is coo harsh for mangrove seedling surﬁval. then
tﬁféugh the sinulation of the primary production.procassea on these extreme
wonths Znsight into the porential reforeztation problems may be gained. Our
intevzst is in teeting conditions which uight be straining the syntaﬁ, not
conditions uﬁaerwhich the syater will eaai;y gurvivae. Accordingly, four
input days ware used in CANOPY simulationa. These were an average February

day (450 ly), an extremn gunny ?ebruafy dey (600 1y}, the average May day
{350 1y}, and a sunny May day (500 1y} ia which the maxizum monthly temperature

-
T .
i b

was recched, L et R T P S
The ptobabilitiea of having tre sunny February day or having the sunny

May day are not known, becauae we do not have daily tesperature records for the

N : PP S . - PR
wy e o R L S W
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area. By comparison though with climates of other areas we put forth the

possibility that the chances of having these extreme days could be between

0.25 and 0.10.

RESULTS AND DISCUSSION
Canopy Simulation

A series of simulations were run usicg the four climate days‘praviously
described. Additionally, two different photosynthesis temperature response
curves (Table 2) and three different substr-ata salinities were sixulated.
Two different photosynthesis temperature pegponse curves were ugsed as. the tempera-
ture adaptations of the Viet Nam wangroves were not koown. The temperature
response curve for the lower optimum tempexsature has been measured on
Rhizophora manale in eouth Floxida (Moore et al., 1972; Moore, unpublished data).
The temperature responsa curve with the higher optimum tesmparature was used as it may
be a more reasonable adaptation by msagroves to the warmer and more stable
climste of Viet Nem. These resulta provide a complete motyix for coupara-~
:ﬁfe purposes to different locations along the salinity gradient of the Rung
&B'Mw ares. . P Co

The soll characteristics and propertics used in the. gsimulations wera
qha.t of a clay soill. Zinke (1972) after visiting the Rung Sat erea des‘cr:lbes
the soil as being a silty, clay soil. There 1s & small diffarence in the two

soils, but becavse the physical properties relating to the clay soll wete the

- only onea available at the tima of the simulations, they wers the ones used.

In the current simulations, it was also assumed that the soil surface was
ssturated, but not inundated. Ip eezenca, this is saying that the soil water
potential is aqual to the solute water potential of the imconing tide.

The leaf ;rea index for these simulationz was (.45 which roughly corres-
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ponds to a seedling density of 40 individuals per aquare meter. This assumes
that each aeedliﬁs has four lesves, and that each leaf 13 approxuimecely 30

em? 1n srea (Table 4). This leaf srea Ia used only for purposes of convenfence
in Ehe simulations. In actuslity, the sppropriate leaf area would be less
than 0.45. The wain idea to remuzber is that in swall séparse canopies, such
a8 propagule canopies, the principle interactions #re betw;en the climate

and the leaf, not between leaves. Tﬁc use of a canopy with a leaf area in-
dex of Q.45 is small enough that interactions between leaves are still swmall.

The effect of herbiciles in :h;;e simulations i{s assumed to be zero.
Thias wus done partly for aiumplificetion of the madel,.but mostly bﬁcause e~
sidual concentrations, if any, and decomposiciou rates were not known.

The first simulaticn results are cstimates of productivity, trenspiration,
sud the internal physiological response to the four microclimste days. Com-
parin; the February sunny day with the average February day (Figures 2-5),
it sppears that net photosynthesis on averaga deys is three tiﬁas_highar than
ot sunny days  (0.232 g O.M.m *day”} vs. 0.706 g O.M. w 2day } at a 9;11«-
nity of 121,). From Fignfa 5 it coen ba szen that the reason for thia drop
io production {s that the leaf temperatures on the eunny day are much high-c,
Transpiration is much higher on the sunny day as expected, but treamspiration
does not drop off as steeply when the salinity #n increased on the suﬁny day
a8 it does on the shad& dsy. This suggests that on sunny days the role of
solar radlation tontensity is move 1ﬂportant than Ehat of substrate salinity.
Mangroves on the sunny ¥ebruery day are under more water stress (Figure 4)

-and this in part is reflected in the hig.er leaf temperatures. Net phatow

synthesis appears to be slmost constant with increasing saliaity on both
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Legend to Figures 2,3,4,5

average Febriary day

aunny Feﬁruary daf . - . .
average May day |

supny May day

ldterature photosynthesis temperature response curve

hypothetical photosynthesis temperaturs response curve

c® o2 P> e o



Figure 2 paily transpiration totals for
the microclimate days as a function of salinity
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MINIMUM LEAF WATER POTENTIAL, bors
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Figure 4 Minimum laaf water potential for the
- microclimate days as a function of salinity
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Febfuai} days. ‘Iheré is, howvever, a slight peak in production st & ealinity
of IWenty parfa pet thousand, ' o T

A comparison of the sunny May de.y and the average May day shows
lhﬂ.lat trends, The discrepancy ilo prodnction hag i.ncreaeed so that on
tha average day the net production is five times greater r.han on the suany
day (0,098 g O.M. w % day * vs. 0.542 g O.M. m > day © at a salinity of 12%.).

. The difference is decressed when the hypothetical photosynthesis temperature

Tegponsae cuzve is used. By aimplj shifting the photosyathesis temperature

response curve to the right three degrees g, ue have lowered the d:l.ffereﬁcc
"1 ve. 1.065 g O.M. © * day ™+

-

F 4 12 Zd. 050K m 2 day -1 1s gaioed by shifting the responEe curve

because Ieal l:amperatnms are to the right of the optioum tempsratura and
in a zone when production :ls sensici.ve to leaf t:emperaturs. Traungpiracion

on the sunny Mey day compares well with zrar.spiration of the sunny Fobmry day

. Gisurc 2). However, transpiration om the average Hay day ls auch lowar

than eny of the other days because the lea£ :anyeratum wera not abnomlly

high and ehe a:l:' vapor demity wza high, mning that the vapor density gra-

d.tent. becVeen leaf and gir was low., Minimm leaf water potentials exhibit
sini.l.ar trends (Figum 4). The highest: ainimum leaf wvater potent:lal and the
Joveat trevspiration werc on the average Hav day. ‘I‘his is because tha vapor
denaicy sradien: 1a lovest then, o ' :

* Water at:rau can exist during either mm:h. Ic can accur 1n !‘ebruary.

bacwaa of f.ha hislmr radiation 1osds and tha dtier air. 1t can occur _

‘tn Hay beeanse of the pctnntial for high 1eaf tempetatum

Tha poasibllicy of high leaf temperatures is interesting for several

Yeasons. First, high leaf temperatures place a stress on the physiological

*
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processes of photosynthesis and transpixat;On. Secondly, high leaf teupera-
tureg poss a threat when éempera:ﬁtBSAproach or exceed fhe lethal limit of
the plant. Juet exactly what the lethal limit La we do not know. One would
ougpect that the lethal femperature is clﬁae to the maximum temperature of
positive nat photosynthesis. Once qpis.tggparﬁtura is paséed the fespirati;n
tate is very high and the breakdown of enzyﬁe systems is accurrnu; Miller
(1972¢) has limited deta showing that seedling wortality in Rhizophora mangle from
eouth Florida starts when the tewperature exceeds 36°C. _ . _
If high temperatures are not immediately lethal, then thefe 2t11] existe
the poasibiliiy that some physiological functions in :he developins propagul;
‘wmay have been impaired and that death nay cccur in later developuant. The
1upediate eftects though o£ hiah leaf :emparsturea othe: than death are water
lttesa thrnuah excessive transpiration and & decresae 1n the net photosynthe-
tic rate._ Following the daily cunrsa of 1eaf reaistance, leaf water poten-‘
tial, lcaf temperaturu. and the photosynthetic tate for each of tha four dayﬁ
will pctmit us to obse:ve how close to 1 stress condition the leaf is. Fi— |
. sutsa 6~ show thaaa phyaiological reaponaes for the four climate days ac
l subatrata snlinity of thirty pa:ts per thousand. The photosynthasie—tqm- ’
peratura raaponsu curve usad is the one mnasured by Moore. at al. (1972)
for Rhizcghura “_‘ij. Across each graph 2 dashed line for a lesf tenv

porature equal to thirty-six degraes is drawn. This cotresponds to :he _

poteatial lethal leaf tempera:ure. . .

e -

!btsntial lathal temperatures are reachcd £or £our houts on the Hay sunny

climate and for one hou: 1n :he Feb:uary sunny climate. No lethnl temperatures

L T . oo aed
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Legend to Filgures 6,7,.8,9
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Figure € The daily course of physiolegical functions for the February average day
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Figure 7 The daily course of physiolog Iical functions for the February
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Figure 3 The daily course of physiological functions for the May sunny day
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appesr to be reached on the average climate days. Excessive water stress
reflected in stomatal closure hardly ocecurs on the May sumny day.

The input parameters used may be underestimated here, and in reality, watex
stress may be more prev:elant than the model would predict.

The model predicts about a 7-10 bar ;radient: between soll and leaf
water potentiale. As the soil continues to dry thias gradient will increage,
placing the propagule under additional water a’t.msa. The frequen::y of in-
undation will then play an 1mp'ortan: rale in -the mﬁsrave propagule water
relations. As the aofl is a clay, fnfileration will besdlow and the soil
will ach:leve 8 low wat;er potential at volumetric contents as high as 20X.

Soil Hoiatm

'Ihese po:l.ats suggeat that perhaps’ thc aoi.l may be linit:lug the revege-
ut.ton rate. It my be poesible that the soil is dryiang out 20 fast that
propagules are either unable to establish themselves or thet the soil mois-
turd evaporates before tha propagulés can utilizoe it, decsuse of the ra-
di;a::lon- load on the soil surface. Simulations were performed ‘to follow
the water content changs for the opan woil mr!nco for aach of tha four
days. 'Iheao sizulations vere done usinx three mml so:u. vater con:ents
svohue H,0/volune soil). These were 3ax, 20%, » and 15!. Theee eot:eapond
to =4, -9, and ~16 bars soil water potentisl éeepactivaly.' The watar content

after a twenty-four hour period 1e noted and & percentage change iz calculated

(lell 8). o e TP e

The results :Lud:l.cate that ‘tha watar content dzops o.‘.f quickly from

:the utuur.ed stata. By the time the water conteat reaches 20X, the rate

'o! wvater losa has becm sml.l. At & vater _content of 15%, water lcss

during} a twenty-four hour period 1o neglible. This water content has
& water potential of ~16 bars. Additionally, we must add to this the
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- Table 6. Estimates of the rate a¢ which the aoil surface is
 drying out under open eky conditfons and at different
% 4 . . WAtsr contents for the three fest days. Water content
ie in volume/volume.
Initial water content watex content percent chang
Cliuate type at the beginning of tiie day after 24 hours in one day
Pebruary sunny 0300 - 0,276 8:0%
0,200 L. 09 oL 0.5%
o o 0.150 o 0.150 - 0.0%
¥ay averags 0.300 _ | _ -« 0.278 : 8.7%
ST T T e T TTeaes T T 0unR
; NI T G. 150 e 2130 : D 0.0%
. "" m ﬂ‘m’ ) . ) : 00300 ’ -‘- B "<':-:." ’ '0.274 ' v aon
e 0.200 0,298 . 07X
0.250 L. 0.150 0.0%
T - I B PR N A S S A
February average 0.300 _ 0.277 _ 2.9%
Gt e T T 04199 B %
0% oo 0.1%0 St 0,08
t: 0 - ‘ 1
! 58 e
Lt 17 PRI “\ \ U 1 s [l 3 =
~ .
SR A Uy S i - K S, .
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solute water potentinl of the salt from sea'water. This total would put
the plant under 1n high water gtress com!itionf- By adding the solute
water potential, the plant may become undar strags at water contents Se-
tween G end 20Z. Tha time to go from saturation down to & water con-
" tent of 20X has not been ca].culat.ed ap it is also dependent on the
drainage pattem.

g e - * »

goil ‘rwpamture

The tesperature at':- tlm eoll surface i3 elso of interest. It will
be hotter in the dsy than if there wes a canopy there, and colder at night,
Just how much hotter during the day wey be iwporcant, Simulations of the
ground surface tesperatures for bare soil and for an 1mtmfe canopy of LAL
1.5 wvere made for the four climate days. The Iimmature canopy u to sexve
8s a contrast to the bar‘a soil; The baré soil temperaturs is indicative
of the temperature of a propagule lying flat on the surface of the soil,
It ie ssoumed that the propaguls would be at or at lesat very close tn
the temporature of the bara eoil., The b;re's&il in the aiuulationa 1s

ammd _to be saturated, but with %o standing water.

—ah *

Figures 10-13 show that the eurface fewperatures can vary by ouly as
" mach as three degrees betveen bara and coverad moil. The chances of the

@01l epproaching a lethal tempsiatura appeer to be quite small, The highest
temperature reached is 33.2 *c (1106. May sunny), but temperatures are usually
closer to 30*°C. Bare soil surfsce tauperatures appesr ‘not to be a deterreat
to propagule invasicn and establishment. '

Bedevalopnent appears to be influenced by the rate of desiccation of
the ;611. Channelizetion and a modification of the eoil through exposure

may be amplifying this effect. Potential lethal teupsratures and water
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Figure 11 The daily courae of ground surface temveratures on the February sunny
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stresa conditions {n leaves may exist for several hours on 8 number of days
of the month in February and 4n May. It is aleo possible that these same
astrege conditions may be rearhed in other months of the .year, although Ipossibly
to & lesger extent, l _ .

The lack of physiological data from ‘;ier. Nam detracts from the re-
liability of the model predictions. Actual estimates of p;rmte;:s are ax-
mted' to bs different from thosa used in the eimzlations, but by the use of

parameters from memhers of the same geons, it is thoughl: that the values used

. . i -
PR by

will be close to the actusl ones.
‘ ‘I!he critical varisble inflvencing the ayal:ea appearc to be the atero~

climte. Ihe avccess of reestablivhment h:lnges on the streas placed on the

propegule by the radiation load, the leaf-2ir vapor density 3radient. and

o

tha Tate o! goll desiccation,
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The long tern simulation of red mangroves,

e

Currently in Viet Nam much of what used to be mgrﬁ' forests is now
barren as o res_ult 'of defoliation. Furthermore, reforestation appears to
bo inpaired in some way., The following mathematical simulatfon 1s being
used to determine possgible long terxwm caunsces, The two hypotheses being- tested
.u'e: (1) t'l;a_slw fmmigraticn of propagules reltaxds reforesta_l:ion aond (2)
the growth of propagules and seedlings :Ile axrent.ed as t result of increaged
temperature end salinity resulting £rm the initial defoliation. The red
sangrove forest, Rhizophora mangle L.,.of the Rung Sat Delta was being
modeled. pigure 14 15 & simplified flow chart of the model., The descripciun
of the model will follow the order of the atate varisbles in the figure as
nunbered with the description of the driving variable preceding.

" Modal Description

L. Hacrocuwa.te

The driving varflnblas in the model axe solar radiation, tempéramre.
preclipitation end salinity. uean. uontﬁly data were used to approximate
moan daily veluea by means of a linear interpolation between two adjacent .
nonthly means. A standard year ‘s ua:ed throughout the simulacion (see
Table 7). Mesn monthly temperature and total monthly precipitation were
taken from Van Cucng (1964). Hear.l zoathly total solar radiation was taken
from sunmaries {Dept. of Commerce 1968) from the Saigon area. Mesn monthly

amblent salinities from a Florida brackish wacét mangrove swamp) were used
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Table 7 Macroclimate input
Mouth 1 2’ 3 4 s & 7 -8 s« 1w 1
Temperaturs (*C) | 23,5 2.6 26,6 27.7 28,0 25.9 24.8 25.0 255 25.8 23.5
Precipitation (mx) - - 6.6 3.4 5.8 60,0 2010 204.0 199.0 184.0 199.0 2000  64.0
' Totel Solsr Rediatfon = 350 422 456" 438. 337 391 . 386 369 - 355 334 316
(cal/cm?/min) - - : v E ‘
Salinity i . 16,5 20,6 22.4 2729 20,6 10,1 0.0 0.0 0.0 0.6 0.0
- {parts per thousand) N
f‘r. .‘. . .
‘ R : ..'““t ; : . i ‘

- 24,0
27.0
316

3.5

8y
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to epproximate the daily values (Eric Heald, 1971). The saliniiy curve
coincided with the solay radiation curve. Assuming a relationship between
solar radiation and evaporation, the Florida salinities are used as an

approximation to the Rung Sat Delta.

1I. Propagules . .
The propagules are init:l.ated‘througp adult dropping sod 1mig.ration from
peripheral areas (Figure 15). Tha fruits ripen and fall from Mey to September.
Hinety percent of the fruits produced stay next to the parent trea. Approxi-
mately ten percent of rhe indigenous propagules are assumed to he invading
ney arsap. l’ropagule mortality is a function of varying temperature and
salinity. The mathematical function describing mortality dua to tenperatu:e

is a linear decreast from sixty-seven percent mortality at 36°C to zero

wortality at 30°C: B L
M- (30 - T (0.67/5) ST 6

vhere H’t ic wmortality due to T A? tha air tenperature. ‘rhe mrtm:y dus to |
oal:lni-‘.:y was sppro:imated after Stern and Voigt (1959) vhera woxtality
4ocressed from thirteen percent in eea watsr to forty-seven percent in tep

water sg followa:

wea-sunn o @

. ; o oo TEEL Ly ) .
vhere lls is the wortality drve to salinity 8 which is in parts per thousand.
All the dead prépagules ave trengfered directly to detritus.
Living propagules all germinate and grow J.eaves, sr.ema, and voots with

N

& rate or growth an follows: '

L 4G/dt = XG(Gaax « G) (Salisbury end Ross, 1969) (k)]
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where dG/dt is the rate of growth, k 13 & time cons:anc relating to the
1ength of tlne taken to reach Gmax which is the optimum bicmass of the
leaves, stems, or roots prior to tha transfer to seedlings., G iz the
current biomass of the leaf, stem or root part in question. AS a propagule

oaly stored energy is used for growth., Optimum leaf, stem and root biomasses

‘were calculated by teking the caloric values for propagules, leaves, stems,

and roots (4.58, 4.18, 4,34, and 4.03 keal per gram dry weight after Golley,

1969), converting to kilocalories per gram wet weight using a 0.4 dry to wet

welght couversion factor, them dividing the propagule energy content by

the weighted plont enexrgy content assumiung 0.22, 0.63, and 0.15 for lesf,
atem, and root fractiona vespectivaly. - Thia ylelds an estimate of prcpapule
energy content after distribution according to scedling wet energy contents:

ie. the propegule wiil grow to 2.4 times 1ts dormant biomass before needing

- outside energy input. After taking 2.4 tinas the propagule wet weight and

ﬂ subtracting expected respiration losses, we can estimate the leaf, stem,

and root blomasses as 22, 63 and 15 percent respectively of the remainder.
0nce cbo oPtimnu Jeaf, ster and rooc biomasses are attained the propagules

ore transfered to the seedling catagory.

IIL. Seedlings and Adults _ _
Once a propaaula hns attained the aeedling leaf-stem-root ratio, the

growth scheme given In Pigure 16 is followed. The life pattern in seedlings

is nssumeé to ba exactly the sewe as that of an asdult therefore the same

tlow chaxt and auﬁfoutine are uged with different 1n£t1;ting parameters.

¥irst solar cnergy'en:eri tﬁ#ﬁcanopy and fiZty percent {e absovbed by the leaf

material.  Het photosynthesls is calculated after Gaaatra (1963) as follows:
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Pa = ([coz]a - [cczlz / (1.56rz f Ta leh) . (@

where Pn is the net photosynthesis -for LAT equal to 1.0, [Cozla and

[002! g are the carbon dicxide ;:oncmttations of the air and leaves, T, :I:g

the leaf resistance to water loss, 1,56 is the ratio of the diffusion
coefficients of carbon dioxide and watex vapor, LA is the laminar boundary .
layer resistance and r n in the neéaphyll regigtance to carbon d:l.ox;.tde exchange.

The leaf resistance to water loss is calculated using:

;r, = (0.5 - (0.0245) (WD x SA) + (C x WD x SWE) /(L. + (16 x SA))
| | .  (Miller and Ehlringer, 1972) (5)

s

. vhere WD is the water deficit, SA ia ecler sbaorbed, and C ia 'a. constant,

The net photosyathesis i then multipiled times the leaf area index then stem
and root respiration is subtracted. The Gaastra equation takes into account
leaf respiration eo enly stem and roor vespirations are subtracted from the

net photosynthesisz. Reepization 1s eslculsted using the Qm agquation:

LoRepg R . @
vhere no aand 'ro ere reference respiration rate and temperature, respectivaly.
Daily vespirvetion was estimated directly from equation (6) whexe as da:ll'y
net photosynthesis was a ilaesr approth'mt:lon from the inscantancous solar
uoca rate. ' .

The light entering tha cancpy was extinguished exponentially:

'5"'k¢F R N '
vhere F is the leaf area index, and k, 1o the extinction coeffictent
which 1s calculated as followm: ' SR ERRCRE

*

ko= cos () (Duncan, et al., 1967) (®)
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where I 1s the leaf incfination from horizgmnegl. Dynamic ;trata we & used to
correct for reduced photosynthesis with the extiﬁction of light through the
canepy. It has been noted that the leaf angle used in equation (8) decreasecs
from the top to the bottow in an edult cancpy (Miller, 1972), Miller (1972)
has aleo measured the leaf sreas for various mangrove canopy strata and given
a typical tree distribution fox h;th leaf inclination and leaf area, Given
the typical leaf area and leaf angle distribution for adult treea one can
distribute a total leaf aresz in&ex accordiﬁgly ylelding a corresponding
reduction of light for Iowe:.levals in the cancpy. This process limits

the size of the canopyhin tha follaﬁing way. In the model ;f a stratum has
& negative production, respiration excecds photosyuthesic for the stratum, them
the stratum leaf biomass s reduced accoxdingly, also tha stratum does not
vecisve nev material for growth. The lowar levels are then reduced as the
leaf area index exceeds the value at which all strata sustain zero te positive

production. Thie ylelds an aptimun lcaf zvea index and maximim tree aize .

_uhich maximizes preduwetion. “ . : -

bOuna daily photosynthesis s caleuleted it io reduceé according to the
temperature funccion described iIn the accompanying paper. Zero efficiency
occurg at 25°C with 3 linear decrease from 25°C to 15°C snd 25°C to 55’0
such that a~ L5°C or lowsr or 35°C or higher photoaynthesis does not occur.

Asginilarion is'then the difference between respirstion and net photo-
oynthesis; If the daily assimilation fs negative, leaf material is lost h
st a rato of twica the negative assimilation asguming fifty percent
efficiency in the resorption, Fifty petcent of the retracted leaf mﬁﬁerial
goes to maintainence of the plant while fifiy percent is transfered to

detritus. If net photesynthesis is positive then it is allocated as follows:

o .
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¥ (9

. 2(0?1) -

ey
wvhere ¥, is the fraction allocated to the ith

3
fraction of the ith

plant part, 0?1 is the optimum
plant part and CFi is the current fraction of plént
naterial residing in the 1th plant part. OF values for leaves, stems, and
rooty are 0.085, 0.610, anﬁ 0.310 for sdults and 0.22, 0.63, and 0.15 for
seedlings.

Ihe seedling to adult transfer oceurn at 7, 2 grams of leaf na;erial
per-hlant. When this arbitrary leaf biomass is reached the scedling is
then considered an adulc. This weight standard correspouds to the wéight

of four uaeure leawes.

V. Fruit Production

Tha fruit production scheme was designed from qualitative descriptions
of red mangroves om ths Rung Sat Delts. Fruiting beging in Msrch with peak
production from Hay to July with & staady decrease from July to August,
Fruit production ceases in August. These cbgervatjons were incorporated in

the model as a discontinvous function as follows:
March to May P = (D/30) = 0.5 Mx (20)

. May to July _'rf-ux' - .' )

-

© July to Aus'ust‘ i

!-ux-n'/aol. S an

where F£ 13 tha frastion of leaf aaterial available £o: grouth allocated to |
fruit production, D is the currenc day of the nonth and MX is the mnximuu -
£raction of net production alloca:ed to fruit ptoduction. Eron Januaty to
March and tron Ausuat to Docembor Ff is set to zero. Tha Mx value waa

arbitrarily set to tifty percent of lasE ma:exia* avallable for growth,



tolutiun is expor:ed with" t:i.dal mundat:ion perioéically.

’ gr. per hacma defoliation occurs and 311 the leaf mtsrm is zransfered '
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V.. Detritus, Nutrieats, and Herbicide

All desd material 1‘5 ‘a_dded' to _de't‘r_:tus qhi_qh 13 nnilergoing a tidal
exportation of ,B.I.‘é percent (Colley et al. ;ae_z_) and exponantial decay:
' u-kl ' . o ' h o
n-do : el o T (13)

wvhere D 1s the current weight in grams of detritus, d {8 the initial weight

An grams of detritus, t is time lapse from initiation in days, and kl

is 6.7 x 10“3 which is the decay coﬁétmt agsoctiated with fort‘y;five percent

decomposition in two wonths (megtings on mangrove ecology, 1;972)..

A fraction of decomposed detritus is then allocated to autrients and
herbi¢ide in solution. Thirty-five perceat of decomﬁoaed detritus is
assuned to be nutrients with 0.05 pexcent being assumed herbicide 4f the
plant death fo e :ecult. of herbicide intreduction. Hgtr:len:s and herbicide

. in polution then undergo exponential decay as follows:

R % B R LT :
U= nekz ' : ’ o (14)
. . : CTe T U e et el e s T .
4 : . o
B~ h.ka . o ' _ (15)

i P G TR, BERT . e
e ‘ - B L L ) L BL TR

shere R is the current nutrient concentration, a is the initial nutrient

*

concentratfon, kz ie the decay constant relating decay expdhmitially to
time, H is the current herbicide concentraticn, h is the initial herbicide
concantration. and k3 18 the t!acay conetanc relating decay exponantially to

l:'.l.ne It: :I.s assmd that 87 & parcnnl: o! :‘h.e nutr:lents and herbic:lde !.n

-

I! the 'ﬁe‘.t‘!;:t.cido concentrauon ia above 10 ‘Ibs per acre or 11 2 x 1.03

R i

-

to detrit.us (mcetings on uansrovo eco)dgy. 1972).
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Evaluation of DPata Base and Eetimation of Parameters

Ihgrg‘g;g_tew_data avaiiuble rogarding propagule and seedling
growth, To detcrmine an estimate of the leaf-stem-root fractions for
seedlings two submodels were proposed using (1) the typical adult
lesf-stem~root fractisa indicated Pw Golley g;“glw (1962} and (2) a
1linear projection of the Golley data to approximate seedling leaf-stem~root
fractions. If the plant part bivmasses for leaves, stems, and roots are
reduced to fraction of the total biomesa gnd plotted versua the diameier
at breest height clear trunds are indiceted for leaves end roots. Projecting
these trends to zero digmoter st bteaat}baiaht yialde 0.22 gnd (.15 for laaf
amd root fracticus. This procedure was done by hand and the leaf and root
fraction sppear to be a curvilinear function of dismator at breast height
80 the indicated values ors crude eatimates. With 0.22 for tha leaf .
fraction and 0.15 for the root fractivm ¥a have 0,63 for the stem fraction.
Submodel (1) resuited in a quick elimination of seedlings under a leaf area
index‘of 1.0 and 3.0, and gerc maturation to the adulc catagories under a
leaf area index of zero. Sulmodel (2} indicared four year survival under
& deaf area index of 1.0 and msturation to the adult catagory in thres yesrs
under & leat aéka index of zere.

In detoraining the root frections an approxiwmation was used currecting
the Puerto Ricen data (Golley st sl, 1962) for subsurfnca Yoots. Snedacker
and Lugo {1972) indicated subsuxface roots as thirty-aix perzent of the
prop-root~subsurface root subtotsl, Ail of tha prop=root biomasses
indicated by Golley were then divided by 0.63 to include an estimate of the
addition due to subsurface roots. I T T
-~ - Correcting the leaf-stem-root frnc:iéns indic?tad by Golley gt sl. (1362)

st 2.8 cn. dismeter at bfeaat height we hsve adult fractions of 0.085, 0.610,
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and 0.305 f?r leaves, stems, and roots respectively. These values were used
to Eﬂ&rhcterize'i:he typical adule plant in the model.

Two fruiring submodels were proposed: (1) a fraction of the assimilstion
allocated to leaf production wes used for fruit produccion, and (2) a
fraction of the total aseimilatfon was used f?r fruit production, With aubmodel
(2) fruits averaged ten porcent 'at. mturatiﬁnlof the total gdult: biomags.
Submodel (1) indicated fruits betwsan 1.5 and 3.1 percent at maturation of the
total adult biomass. Suedacker and Lugo (1972) found between 0.0 and 4,1
percent residing fruitas in their studies of red mangroves.

To determine seedling density for eatimatiang the lesf biomass per plant
l:ho.abova ground dry weight at tha ¢nd of five months growth was divided by
1.77 grams which ig the above gr.i\md'dry welght of five menth old seedlings
a8 indicated by Stern end Voig.t (1959}; With an {muigration of 3.0 grams of
-iropagule a year thin ytelds a {irsc year denefity of 1.1 saedlings per meter
lqm‘ed. Typical assimilation data for this density are given in Table 3,
- Regulte ’

The sffects due to temperature ara demonstrated in Plgure 17. Three
twenty year simulations were made with (1) normal temperatures, (2) ‘half
degree above norwal temperatures and (3) a full degree dbove normal temper~
atuyres, Simulation (2} 2nd (3) ahowed qishtém: and. £otty-a_15ht-percenl::
decreases in biomass bglw the biomasas of simulation (1).

The effects dua to salinity irera. less dyamatic. Three twenty year
sinulations were made usiang (1) the normal salinities for brackish vater,
(2) one part per thousand sbovz normal galinities for treckish wster and (3)

two parts per thousand above noruval salinities for brackish water, There was

less than one perceant variation ia total biovaas between the three simulationg.

(I PR S L L L . . .
LAEI I A A LN PO P PR Y S AL S S
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Table B, Net photosynthesis, total respiration and plant assimilation in grams
organic matter per meter squared per day are given for various growth

- stages with no overhead light extinction for seedlings of density 1.1°
" and-eadults of variable densities.

‘Months After Leaf : : '
Dafoliation Biomaas Photoaynthesis Respiration Assimilation

| Smonths L2 0.021 0.004 0,017
17 months 3.6 0.066 a0 0054
29 months 0.3 | 0,187 0.034 a152
Yeats After ' .
Dafoliation _
S years ‘191 0.334 . 0.104 0.230
7 years - 39.6 0.675 0.315 0.359
9 yesrs 51.3 0.856 0.55 0.301
11 years 8.8 1.220 @790 0.430

.
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Variations of reforeatation due to vﬁrying jmmigraticn are shown
in Figure fﬁ.Three twenty year simulations were made using fmmigration
rates of (1) 1,0 grams, (2} 2.0 grams and (3) 3.0 grams of propagule per
meter squared per year. Simulations (1) and (2) showed twelve and:nine

percent decresses in biomass below the blomass of simulation (3).

Gonclusion_

"The effects due to increased salianity appear to be relatively samall,
The ;ffects of temperature play a uajor role in reforestatiom. The barrem
pature of the Rung Sat Dolta due to defolistion and wood gathering has
increased the likelihood of temperatures inhibitory to plant growth.
; Inhibitory temperatureg and slow Ismigration are the major sources of
~ dnhibition in the model and fn combinstion probably play the major role in
reforeatation problenm on the Rung Sat Delta,

The noat eritical deficiencj 13 the lack of data on the grewth habite
of pmpagules and seedlings. The mature of initial rooting and the role of
aolar radiation 1n activating propagules on the mud are uninown. Data aée
availabln on five woanth old seedlings end adults of unknown ages. There are
dats concerning adult photogynthesis, reapiration, canopy structure
and root structure but no intermediate poiuts for seedlings and younger

-

adults which would serve to improve and validate the model.

-
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6. Ordering and Disordering in South Vietnam

by Fnergy Calculation

Mark Brown

Studieg stimulated by a contract between the National Acadeuy of Sciences
end the Department of Environmantal Engineeriung Sciences, University of

Florida, Gaineoville, for "docels of Herbicide and War in Vietnam",
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Cen:ral to understanding the relationship of countries and thelr balance
of Man snd Environments are the flows of energy that maintain order, the
disordar created in the normal cycia maintaining order, and the effects of
war., 7Tbhis paper considers order and disorder relationships in South Vietnam
as a result of the War from 1960 to 1972, An investigation of eaffects of
berbicides was undeftaken, as a series of projects, by the Watfonal Academy
of Sciences. This paper iz an outgrowth of concepts developed while formu-
lating a model of main energy flows in Vietnam.

The fnvestigation of the ecological and physiological effecte of the
defoliation and crop destruction programs in South Vietnam ypcluded 801
evaluation of the herbicide agents snd their velationship to other means of
disordering and the combined effects of disordering activity on the natural
ecological and wan-made tec™nological systems of the country. While it is
zpparent that the goals of the defoliation programe were to reduce the ground
cover and limit the ability of the North Vietnam and Viet Cong military struc-
tura to use the structure of the natuial envirvoument to their sdvantage, these
goale havie left the courtry of South Vietnam with problems. Large amounts
of South Vietnamess lande were altered and moved from one foxm of land use
to others, resulting in measurable changes to the processes of the country.
Understanding the lemediace effects of such a program and the long rangr eifects
and intersctions may require a. overvievw that also takes InZo account time
delays, feedback operations, and eecondary interactions. Ome technique for

overviewing is s draving of a eystems diagram.
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A Model of Vietnam

Figure ! 1is a dfagram of the country of South Vietnam at war. It shows

" the compartments and flowe of energy and materials throughout the country.

The circles to the left represent forcimg functione or the Ordering Energies
available to South Vietnam. 81 is all incoming goods, both Ynited States
aid and imported goods from the tWorld Market. 37 1s all money sent to South
Vietnom in the form of uild; and 54 1s all the natural energles (sun, tides,

wind, rain, stc.) availeble to the country. 7The circles to the right repre-

sent the Disordering Imergies thet are forcing functions for tha country at
var. g, is all *he energlea availnble to the Viet Cong and North vietnamese
nilitary structurs to make waf. 53454,85¢ arn the three major disordering
enerziee of the U.S. &nd South Vietnem militsry structure.

' Tha land categories (eity, agriculturs, foreat and mengrove) are each
separated into thelr reapective components {or storasas). The c¢ity aystem
has within it land, people, goodm, and a stovage of mouey. The natural sys-
tems hava two conmponents each: lend and siruveture. The land storage and
the forcing functiom intersct te produce structurs.

The components to the right of the natursl systews, those of craters,
bage land, bare land, and dead wood, are componente that ave storing the
‘iigordered land and structure as it 1s tr: sferred from one land use category
" to another by the impact of the disordering encrgies.

In Fig. I, the vates of materfal and energy flows, and the quantities
stored in each of the components of the country heve been calculated for the
yaar 1965; the beginning of the escalation of the United States involvement
in Indochina Hsr. {Celculations and sources for the calculatfons are gum-
marized in Appendix A.) Evaluation of the flowe of disordering energles gives

perspective to their effects on the many processes of the country, Consider

the quantities of land and structura removed from each of the land use cate-



304

- “\\CITY K4
%) Lot - ; /
- LY T 3 .I?
£ (oo, LIl g o :’5}?
Fums, Mgy, e RELL: e i
Goses, Enct / . i~
T N : ;
- rd
% Fd
& Gy ” -
i RS I -
- -
e
rd
- -
- 24z, 2 -
g e |/
) / - X T /
/ ‘ -
I, AGRICULTURE ; )
L

USE
for country of
SOUTH VIET NAM
1965

et EEW ]
e Nt % 10 T g

L o8
[ el
L ke S 1 - e H.ﬂm =
. YT 3,:' i
r—;—“-_ﬂﬁ Ha7e < 3 ;
- — —~e . & M e Y 4
Lot far o hali > <4 ,’
[ 2410 3] ’ f ¥
F I‘!l‘o". @\ﬁ- f‘
- )
iy ,’
1] f
| I ye— “— !
, 1nn ’f
N 4
r——— e T /
gy Lokt R oo \\ ; Cia
1 Wood
: MANGROVE Wicoin
Ll
e e e
Swwcruref -
Al =
[T WA gy O * +
L
/
T
*

Im s g m =

il rd
V4
- 2 e et 0 e o

BYl




gories by bombs and herbicides; in all casee herbicides account for the
greatest disordering, en effect that reverses through the course of the aix
year period from 1965 to 1970.

Another method of understanding the effects that the disordering energies
have had on the processeas of the country is te calculate the disrupted por-
tions of the energy budget of South Vietnam. The overall effects on the
energy budget are summarized in Teble 1. Columy 1 in Table 1 chows the average
energy budget (ordering energies) per yesar for the six year perdiod, 1965-1970.
colump two shows the c'mulative budget for all six years. Columns three, four,
and five show the total swounts of Disordered Energy due to each of the dis-
ordering operations of Boabing, Herbicides, and Rome Plowing as best they can
be calculated, Column eix shows the parcentsge of the enexgy budget
that was disrupted for each of the various subsvstems of the country.

During the six year period of major United Statos involvement in the Indo~
china War (1965-1970), 3.1% of the total enorgy budget of South Vietnan was
disrupted. If comparizons can be dravm between the man-msde world as various
systems and the natural ecological systemz of the bicsphere, then a disruption
of this waguitude, by iteelf, will probsbly have little affect on the overall

procesees of the country.
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Table 1. Couparison of Disordered Energy

0 @) 9 (10

Average Cumulative Discrdared Disordered Disordered X of Energy -

Energy Enarsy Energy Pnergy Energy . Budget

Budget Budget BOM3S HERBICIDES ROME PLOW Disordered

1965-1970

1012 kealfyr 1012 keal keal 1012 keal 2012 keal 1012 .
Human Settlements 19.4 (1) 116.4 9.1* 4.9% —- 12.9%
Agriculture Systems 112.0 (2} 672.00 26,33 - 8.78 1.55 5.2%
Forest Systezs 1110.0 (3) €660,0 - 303.14 178.6 .  40.6 7.9%
Mangrove Systems 61.0 (4) 366.0 12,55  136.1 ' 40,62
Estuarine Systems 29.0 (5) 174.0 T 24 9.0 . 5.35% °
Other Net. Energies 2647.0 (6) 15882.0 - 1 ? 2 ?
TOTAL 3978.4 23870.4 349,36 338.18 42,15 3,12

* City land digsordered by bombs and herbicides was 8.7 and 4.2% :‘especriveiy.
an equal percentege of the total energy budget was disrupted..

]

1t was then assumed that.:.

041
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1. 1he sum of purchased goods, foreign aid, and fuel. Purchased goods and
foreign atd were 2.6 X 208 § and 5.1 X, 108 respectively mulciplied by 2.4 X 104
kecal/dollar to convert to equivalent fossil fuel anergles required to generate
the samo work, (10.7 X 1012 kcal). Add to this, fuel (8.66 X 105 metric tons)
(10% grana/ton) (10 keal/gram) = 8.66 X 1012, 10,7 X 1012 + 8.66 X 1012 «

19.4 X 1012 keal,

2, The chemicel potautial en2rgy entering the system as agricﬁlture pro=-
duct_ion vas eptimated by multiplying the land erea in agriculture (7,31 X 106
acras) -by the estimated grosm photosynthesis (1.6 X 105 keal/acre/day) and then
by 100 days. . .

3. The chemicsl potantiazl snergy entering the system ag gross photosyrthesls
of inland forests was estimated by multiplying the land area (1.9 X 107 acree)
by the estimated gross photoaynthesis (1.6 X 10° kcal/acre/day) and then by
365 days. ‘

4. The chemical potential energy entering the syetem as gross photosynthesis
of mangrove oystems wag estimated by multiplylug the area (.69 X 106 gcres) by
the estimated gross photosynthesto (2.4 X 109 keal/acre/day) and then by 365 days.

5. The chemical potan:ial'energy entering the aystem as gross photosynthesis
of eatuerine syst¢ms wae ;atimatsd by multiplying the area (1.0 X 105 acres) by
- the eatimated gross photosyathesis (8.0 X 10% kcai/ml/day) and then by 365 days.

6. The sum of tha natural potential enargies of: Rivers (644 X 1012 xcal/
yr), Tides (152 X 1912 kcal/yr), Rain as Runoff (119 X 1012 kcal/yr). See Odum,
"Bffects of Herbicides on Ecusystema,"

7. Cumulative emergy budget wae calculated as the maximum possible, assuming
there was no discordered land., 1t was caleulated by multiplying the average
enargy budget times the time span (6 years).

8. Disordered energy by bombe was calculated by multiplying the lend area

disordered each year from 1963 to 1970 by the estimated groce production, and
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then by th& number of years remaining in the six year period. (See Appendix
B for year by year breakdown.) '

9. Disordered energy by herbicides waa caleulated by multiplying the land
area digordered each year Ffrom 19653 to 1970 by the estimated gross producticn
and then by the number of years remaining in the six year peviod, except
agriculture gsprayed assumed only one year loss. (See Apgendix B for year by
year breakdoﬁn}. ' )

10. Diaordered energy by Rome plowing was calculated by muleiplying the
land area disordered each year.from 1965 o 1970 by the estimated gross pro-~
duction and then by the mumber of years remaining in the six year period, except
agriculture plowed assumed only one year losa. (See Appendix B for year by

.year breakdown) .
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Order and Disorder ic Vietnam

It 18 well known that many écalogical systems are stress adapted and to
a certaln extent even depend on some form of stress to speed up processes
and recycle nutrients. Just as the fire-~climax forests and pralriea are
stress adapted, and depsnd on pulses of brush fire to recycie nutrients; the
country of South Vietnam could pessibly be considered a stress adapted system.
Cpnflict. and lerge-scale warfare have been the rule ratﬁet than the exception
since tha Geneva Agreements of 1954 and even before with a long and bitter con-
£1ict between the Communist led Vietminh and the French armed forcee. Fregqueat
streas, such as graseland, grazinﬁ, raether then a pulse stress results in
greater overall production by reducing diversity and feleasins disordered
materials for reconatruction end repalr. Could the eame apply £¢ a 30-year war
and the country of South Vietnam? oo

Tha six year involvement of the United States in the Indochina War resulted
in an escalation of dieordering energies which could represent am additional
pulse atress of 3.1%., Far vore important than the magnitude of thie overall
stress are the percentages of the energy budgets that were disrupted from each
of the subayateas of South Vietnam. Célumn 6 in Tahle 1 lists tha percentages
of each subsystem disordered. A comparison of theae indicaces that while the
country had a & year pulse stress of 3.1X, individual stresses acgount for major
effects, and due to sacondary interactions may magnify this overall stress,

The mangrove gyptems were stressed nearly 41%; a strass that would reduce
the ability of the system to recovar in a short period of iima. Data gathered
by NAS personnel while surveying ecological sffects of herbicides in Vietnanm
indicate & lack of recovery, possibly dus to lose of ssed source. It has been
suggested recently that mangrove systews are an important part of the food chain
in eutuar;ns syetems, A atress of this magnitude could have severe effacts on

estuarine systeme 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 o the individual system, but 1f time delays
and secondary mter-act:l.ons are taken into account, then those systems depending
on the foreast syeteme as an auxillary emergy souzce (the human settlements)
will feel the stress far more than the inislal system.

The human settlements of Scuth Vietnam hed 13% of their enexrpy budget
disordered during the aix year perled (1965-1970). Add to this the effecta
of increassed population due to relocation of refugees, reduced agricultuve
production (5.22%), reduced estuarine production, and reduced forest prqduction,
and again the direct stresa is magnified requiring many years to recover.

Another way of showing thece seme effects for the purposes of comparison
to othar flows of energy throughout the ccuatry is the systems diegram. Figure
2 18 an energy diagram of the gross emergy budget for the country of Scuth Viet-
nam showing all the main energy flows, conscructiva and destructive, those of
nature, and those of tha cities., Encrgy of low quality such as sunlight 1s
expresaed In the chemical potential epergy after transfermation by photosynthesila.
Tha flows of high quality energy such as the urban techmological econony are
expressed in equivalent fosail fuel energy required to generate the same work.

When many of the dezaila of small componenr flows of emergy through the
gountry, auch as in Figure 1, ara 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 ratic of the destructive energies
of war {disordering energies) to the constructive energies of nature, and the
citles 18 approximately 1 to 17, or the diesrder to order ratio ia 6.03%.

Ewel (1971) described five tropical environments disrupted with & disorder
to order ratio of 5.8% showing lnitial decreases in priwary production, but
loag run rejuvenation, Richey (1970) tested a disorder to order ratio of 8,0%

by burning microcosite; again showing loitlal decreases in production; but
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No£es on Figure 2,

1. U.8. war effort was c;lculatﬁﬂ bybgdaing ihe incremental costé of the
war in Vietnsm for the yéat8»1§65~19?0. The incremental costs are the costs
.which represent the "net difference betweén vartime and peacetime needs.," (U.S.
ﬁongress. House Comuitt#e on Appropriationa. Dept. of Defense Appropriations
for 1970 pt. fII. Hearings, ﬂhnhingtoﬁ. U.58, Government Printing Office, 1970,
p. 395). The total war offort (9181 X 1010 dollars) was then multiplied by 1.4
'x 104 kcal/dollar to obtain the energy expenditure,

2. Viet Cong and North Vietnzmes. war effort uaﬁ estimated by assuming
Istenﬁy increase fn;m $555 millfon (Thayer, 19569) to $765 million in 1970 (a.p.},
Gainesville Sun, Galnesville, Florada. April 2, 1972). ‘‘he total var
. effort (3.9 X 10° dollars was then ﬁulfiplied Sy 1.4 X 104 keal/dollar to obtain
the energy expenditure, . ;' “"”' 4_: _ y

3, U.5. Ald was calculated by ;édiné the official aid Eotlthe years 1965-
i9?0. (Annual Gtatistical Bulleéin. Ro. 1‘ ) the Officisl Aid (3.03 X 109
dollars) was then sultiplied Ly 1.4 X 104 kcal{dollar to convert to potential
_enargy entering the syatem. ' ' '

4, _Hatural Energies are all th;ae en#r#ie;“;nfé;iﬁg";hauﬁgﬁhtry from thu
chemicel potential energies of gross photosynthesis of ééosyutems, and the
_'chemicsl porential enérgias of riverg, tides, thermal heating, winds, and rains
- as runoff, ' . ‘ ,

5, Fuel inputs are from "Vietnam Statistical Yearbook." for the 6-year
period ».2 X 105 metric tons, this was multipliied b 106 grams/metric ton and
by 10 keal/gram to convart to calories of work.

6. Purchaged goods was caleculated by adding the import arrivals from Annual
Statistical Bulletin No. 14 for the yeers 1965-1970. The fmport arrivals (1.59
X 109 U.S. dollars) was then multiplied by 1.4 X 104 keal/dollar to convert
dollars to the potentlial energy equivelent. Here it is sssumed that 1/10 this

amount 1is the energy velue to the aystem, the remaining 9/10 is the cost of



manufacture and transportstion. The calculation of energles was based on raw
chemical potentisl energy conversion of each of the flows. There ate studies
curvently undarway to give certain "qualitios" to energy to allow for more
complete accuracy of calculation for modelling purposea, For exemple the “energy
value" of a material or energy in a system is not only the measurable quantity

of that flow, but has bean suggested ro Lo the initial energetic costs of pre~
cessing and manufactufing a0 well,

1
1
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tdcovery. and in oore instances increases with time. Thus 1f comparisoms
can be drawn betwecn the smaller sccale systems of microcosms and {ndividual
scosyatems and the largef scale system of a country made up of many smaller
subgystens, the impact of a pulss diecrder to order ratio of 6.0% will probably
release material and incresse repair mechanisme vequired for xejuvenation,
thus having & greater gross production with time. Howevsr, thie does not
Indicate a stronger or more stable syatem for the higher gross production is
achieved at 8 cost to diversity.

During thip eame 6 year period the disordering enargles were 12 times as
great a5 the flows of ordering energy due te foreign aid and purchased goods
and fuel. Ald was over half that of purchused goods and fuel indicating a
subsidized economy, an economy dependant upon incrasning flous of high quality
ensrgy in a world where these flows are becoming limited.

But more important, the diegram shows vwhere the most stress was inflicted
by ﬁha actions of war. The natisal eyatem, while having a large loss in com-
parison to the urban energles disorderad, was stressed 2.7X, The urban system
(manbuilt-technological economy) hed 7.0% of ite incoming energles disordered,
Other consequences of the wer (secondary interactioms) such as the shift in
population fros rural arezs to the urban_centera. the loss of populdation as casu~
alties of uar, and shifts in land use, have magnified chie strese.

Theae calculations begin to show a wmore complete picture of the dfsordering
of South Viatnam and some conjectures can be made, As a consequence of prolonged
conflict and war the country of South Vietnam has become a stress adapted syetem
decreasing diversity, and maintaining & low auccessional state. 1f, apain,
compaxisoue can be drswn between man built technological ayetems end natural
scosyatems, thean tha country of South Vietnam can ba considered a pulse-ciimax
nation, such like tha fire-climax forests and prairies, which, require large flowe
of energy and materials for reconatrruction and xejuvenation after disordering,

and thus saintein low diveraity. As long e the disordering effects of the
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conflictes yemain, it is reasonable to assure that the country of South

Vietnan will ramais an unastable system,
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Stoulation Model of Vietnam

The disordering of lands and the aceompanying transfer from one land use
cetegory to another might not be a "bad coneequence” of the war; but in the long
run, by thosa who advocate Incrensed agricultural production for the country.

For example, the change from forest to bare land has accomplished the first
step in the process of bringing wore lond inte agricultural production. This
seenms to be the case, ;a long as there are the necessary energies (U.S. Ald)
available that can h; added to the country's own reserves to accomplish this
goal. HNHowever, there are short term loeves that dieorvdering vast amounts of
forest, cropland, and urban systeme wust necessarily bring.

The z~tione of war have disordering offects on not only the physical, natural
and map-made syotems, but on the socilal and economic eystems as well, As a4 con-
saquence of the war there has been & masglve switch from a rural to an urban
population. With the help of .S, Aid thisg shift In population hae caused the
urban centsrs to expand at an ever increacing rats.

Tha effects the disordering energice have had on the country of Sonth Viet-
nam can only be asseansed through time. ‘The use of the systems diagram tramsiated
into the language of the anslop computsr and simylatod gives new inaight to *he
curalative effects of all disordering energles. Figure 3 is a eirplified veraion
for the purposes of simulation, of the changing land uge mode)l in FPigure 1. This
diagram shows the actfon of war accelerating the recycling and vause of dieordered
lands and materials. These are sall parte that when fed back with =il accompanying
enerzy loput, are available for and stimulare feconsctuction. Evaluation of the
rates gives a perspective of those changes that are important and computer simu-
lations are wused to show the cumulative effects on South Vietnam's energy budget
as well as the coste or recrdezing.

Calculationa and sources of information for the Rates of Flows and the stor-

ages in Pigure 3 are surmarired fn Appendfx C. War Effort (W) end United States
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(A) have functions generated to more accurately deplct the ascalation of U.S.
involvement in Indo~China., The War Effort (W) scarcs (1950) with minimal war;
the approximate level of conflict prior to U.§. involvement, In 1965 the level
increases reaching & maximum in 1957, then dacreases to an estimated level of
conflict equal to that prior to 1965. (See Appendix C.)

United States Aid (A) remains at zero {0) until 1960, then increases at
6 rate constant with reported U.S. Aid. In the firaet simmlation (Fig. 4z-f) Ald
was held constant (after 1970}, at the 1970 level. In the aecond simulation
(?15. Sa~f) Ald was increased sfter 1970 to a maximum in 1985, then terminated.
And in the third simylation (Fig. 6a-f} Aild was decrcased steadily after 1970 and
terminated in 1980.

Figures 4a-f, Sa~f, and Ga~f arve computer generated graphs of the first,
gecond and third sisulations of the model. The graphs indicate a steady sctate
aystem from 1950-3965 (with slight decreases in certain storages [Lz. S2¢ Ly, 831)
uncil eocalation of the war in 1965, ceusing decreases in all compartmente of the
systen except the human settlementa.

Tha Mangrove systems (Fig. 4B) show the expected disruption anticipeted by
the calculations fiu Table 1. However, the structure component (81) continues to
decrease aftar the pulse disordering of war, probably due to increased wood cutting
for charcoal. Thare is no recovery ae might be expected because provisioas for
a seeding program are not included in the wodel. In the sacond and third simula-
tiong little change in exhibited. The structure does decrease however, with the
second simulation due to increased demands of the human settlenents,

The foreat systeme (Fig. 4c) of the country exhibit a slight decresse in
the firet gimularion, somewhat sggravated by the increased demands of the prowing

buman settlemente, Recovery, as expected, doas occur, but the system does not
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Figure 5
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Figure 6
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Notes to Figuves &4, 5, 6

Maximum values for each component are as follows:
| W;s Mar Effort - 2.5 billion §
Al’ U.5. Add = 1 billion §
Ll' Mangrove Jand - 1.3 X 107 scres
Sy» Mangrove structure ~ 2.1 X 1010 kg
Ly, Foreot lond ~ 3.3 X 1d7 acras
Foreat structure - 16.1 X 1018 kg
L4, Agriculture land - 3;27 X 107 scres
Sy, Agriculture Structure - 1.1 X 101C kg
L,, Urban land - 3.3 X 107 acres
§, Urban atructure - 6.8 X 1011 kg
Py Rural Population - 11.0 X 107
?, Urban Population ~ 18.3 X 106
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rveach the level of productivity exhibited at the beginning of the simulation
vun. Flows of Ald have little effect on the system, &nd even when tripled no
perceiveble diiference was noted, The trangfer coefficient for the flow
raturning to forest land from Bare land 28 a result of U.S, Ald (K.) 15 ex-
tremely small accovnting for the lack of effect.

The agricultural systems (Fig. 4d) show the greatest change due to the
disruption by wir, decreases in the rural population, and increased urban demand.
In the first simulation production of the system after disruption does not
recover to the inftfal level, Increased aid in the second simulation provides
the eﬁersy neceassry to iacrensé agricultural production to a level slightly
higher than the initial, by transferring wore land back into production and
incraaeing the movement of refugees back to the rural areag., In the third simy-
lation, by cutting off ald, preduction remainz lower than the level obtained in
Simulation 1, as might be expected.

Cunsequences of the population shifte (Fig., 4e) ere felt chroughout the
systen and ave very important flows regarding the overall stability of the
country. TIn the first simulation the movenernt of the rural population to the
citles puts additional burdens on the entire system, Manipulation of this flcw
caused extreme changes in most compartments, If the vate of sovement to the
human settlemente was decreased all components exnibited faster recévery rates,
and the loss of agriculture production was neot as.great., If the rate of move-
ment was increased the opposite occurred. This "sygtem sensitivity" to the
movement of the populations begins to indicate the extent to which the country's
stability ie aggravated by the gsecondary effects of the refugee problem. In
the second simulatiop, movement back to the rural areas is facilitated by an
increased flow of sgriculcural land back intr production. 1In the third simula-
tion, diminishing aid has little effect on the return of the rural population,

The human settlements (Fig. 4f), while showing emaller visible changes, are
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interesting in view of the time delay fnveolved in the builld uvp of city structure
(S‘) following the Increased urban expansiom {L,). By the year 1970, increases

are apparent in city land. However, due to shortages of materials and energles,
and pressnre 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 inithl level does oceur by the year 2000. This does not meet the
demands of the larger populstion. TIncreasing ald in simelation 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 end reduces the final structure value.

Overall-?érapective

Consequences of the war in Viotrem are difficult to e§a1uata directi&. The
ime-diate effects of the di:ordering enexrgles have caused a 3.1% disruption of
the 6 year cumulative energy budget (1965-1970) of the country. The herbieide
program accounts for nearly half thie disruption: an interescing consequence,

:1nd1cat1ng the high amplifier value of the relatively low energetic cost of herbi~-
, ¢ides,

Simulation of the Wav Stress Model revesls additional stresses and indicutes
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 depands on continued
(and posaibly increasad) flows of United States Ald (& situation which may be
unrezlistic in light of increased energy shortages being felt throughout the U.S5.)

Dalaye in cnding the orasent level of conflict may cause delays and reduc-
tions ic the racovery rate of ovder fn the country. As long as neaded, naterials and
energies are diverted from the job of recomstructiou to that of figating brueh
wars with the Viet Cong and North Vietnemese, rvagrowtk of the country way be delayed.

Stabilicy in any system 1s related to the diversity of normal cccupations and com-
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ponents; and as. suggested earliier, continued conflict may result in maintalpirg
a low diversity and thus a low succesaidnal state. On the other hand, the svstem
méy be developing special adaptations to War Strese Energies so that they are

not so dastructive to the overall procesgss.

Other models liﬂula?ed for the country of South Vietunam at war suggest a
regrowth and in some instances inciessed productivity; and parallels have been
drawn between South Vietnsm end the countries of Germany snd Japan after the
second World War. However, the reordering and recovery of Germany and Japan were
accouplished with great expenditure of ocutside "ordering energy" during a time
of increasinrg fosoll fuel availability and utilization. The same rapld reordering
of South Vietnem may be unrealiscic in view of increased demand and decreased
avallability »f foseil fusl emergles., The Wax Stress Mcdel indicates that without

increased ald the veordering ms§ take mony yearn.uore'éhan 1ntuit1ve1§ apparent.
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" APPENDIX A

General Notes on Fipure 1

The convereion from $ (American) to kcal was calculated as roughly 14,000
keal/dollar. (This figure was calculated in the same maoner as Odum, 1971.)
- The total fossil fu§1 budget and hydro electric production was divided by the
GNP of the country, The moat complete figures were for the year 1966, The

figures for fossil fuels were as follows!

Possil Fuel Type Metric Tons Imported kecal/g keal x 1010
Petroleum 25,647 S 12 30.72
Aviation gas 166 ' n - .18
Gagoline 203,920 oo - 12 244,68
Kerosens 256,337 10 256,34
Gag old 67,810 _ 10 67,81
Puel ofl 562,595 w0 562,60
Natural gas _ G,OBDI . o L 12,5 . 7.60

Petroleum coke ) 820 7 _ W3l

TOTAL 1170.50 X 1010 xcal/year

The figures of metric tont imported uve from "Vietnam Statistical Yearbook
1970, Hydro alecttic productio. was calculated from & wap showing location,
type and capacity of hyrdo electric generating plants found in “Vietnam Subject
Index Maps" minimum value for each plant wae used (see table below). The total
keal/yr energy budget vas 2750,0 X 1019, Thie vas divided by the GNP of the
country for the year 1966, 2.0 X 10° dollars, (“Inpact of the Vietnan War"),

‘he figure obtained vas 13,660 ) keal!dollar. _
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3 power plants 49 10,000 -~ 50,000 kw. 3 8 30,000 = 90,000 kw
2 power plants @ 50,000 - gbove kw 2 @ 60,000 = 120,000 kw
210,000 kw

210,000 kw = 1,84 X 1019 wwh/yr (8.60 X 102 kcal/kwh) = 15.80 X 1012 kealfyr
TOTAL 2750 x 10°C keal/vear

Qi Land area In the c:llties - 2,47 X 10* acres is based on 100 Kn? as stated
by Meselson gt al. (1970). This figure is for 1970, however, it fncludes
only major urben areas, go it is felt that it 1s 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; herever,
because of the "undeveloped" status of the ccuntry and the role of the
village + hamlet as major elemente in the hisrarchy of the povernmental
atructure; they are included in urban areas. This figure represente ,058%

of the land area of the country,

Qo Goods in Country - This storage represents the c‘oub:lnat:lon of importe and
goods produced within thp'country ninue exports. Imports and exports t-irere
easy figures ot obtain from a mumber of poublications including "annual
statistical bulletin" and "Vietuem Statistical Yearbook, 1970" and indus-
trial production were obtained from "Annual Statistical Bulletin No. 11",
This data doeswt include enterprises whose 1962 ocutput was less than
2,000,000 $VN in value, Thyus, much of Vietnam's industrial production 1s
excluded e.g. salt mining, quarrying, turniture making, printing, and handi-
¢raft production. For 1965, the goods within the country was calculated

as 4,17 x 20° mtr:lc toms., . o,

R R I L B B T N T g |

Q3 (_:_gital in the cmr Capit.nl in the ei.ty 13 uud hure to mean the noney

supply that 1g avallable throughout any mr. This figuxe vas computed tron

a table 'Money Supply” in billions of plastecs frou the Anml Statist:icsl
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Bulletin No. 11 by dividing by the exchange rate of 118 piasters to the

_ American dollar. Two figures are given. the year end value and the amutrt
available at the beginning of the year. For 1965 the year end valua wag
$393.2 million and the amount available at the beginning of the year was

$232.2 million. KR T A St

Cmee

Q, Land_area in agriculture - The land area in agriculture is all land in

Vietnam under cultivation Vietnam Statistical Yearbook 1970, Table l4-—-

Agricultural crops: planted area and pro&uction, 1960-1969, The planced
area for each major Crop was totalad anﬂ the agricultural land area that

had been defoliated was addad to chia figure as vas tha land area bombed.
The total land ares during 1965 that was in agriculture production wes

7. 3oa X 106 actes,

R Y

Qs Agriculture Structure ~ As uged here agriculture structure means the yield

in kgm of the land area in agriculture. The year end total yleld was ob-

tained from Vietnam Statistical Yearbook 1970 as wes the land area. The

total yield and planted areas were 705.8 X 107 kgm and 7.238 X 106 acres

 respectively. By dividing yleld by planted area the yleld per acre was obtained
(975 1 kgn/acre)t, -Thia cheu vas multiplied.by the planted .re; (total be-
fore herbicides, aptay, and bombing) to abtain uaximum yield valua of ?126 ¢
X 105 kgm, a

- . oo T ot BT - . R T |

Qﬁ Land Area in Military Basas - Thia value has been requested from the Depart-

naat of the Defansa but to date haa not bean racaivad. Por 1ack of any

bettat figura thia valua wua estimatad by aaauming thac for each menber 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
- 49 shorter dye to monscon weather, and they do not have a fossil fuel sub-
" - sidized agricultural system to the extent of that of the U.S.

LR . R
WL TE et ¥R
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‘the comhined U.S. and S.V.N. armed forces a minimum of 1.5 acres* are
required to provide housing, necessary services, and storage for them and

thedr support equipment.

Q7 Land area in Forests - Meselson et gl. (1970) estimare forest area to be

100,0u0 km?, Included under the designation “"forest" are all lands with
trees whose crowns cover wore than twenty percent of the area. This esti-
“mate is based on low resolution aerial photography and on U.5. Army terrain
difficulty maps. The fovestry services for the French colonfal goverament
estimated the total area of economically valuable hard wood forests Qt
50,000 im2 Jeaving out forests that were badly degraded, very young, or
located on partlally inacceasible mountain terrain. A value of 75,000 an®
wags estimated from a vegetation map published by the goyérnment of Vietnam.
This value was chosen as a voupgh approximation of the forest area at the
beginning of 1965, because tha greatest expenditure of herbicdee in Vietnam
has been on falrly mature tropical hardwood forest (Meselson, gk al., 1970).

In acres the total forest area for 1965 is 18.5 X 106.

Q8 Upland Poraat Structure - Rodin (1967) stared standing crop for subtrepical

hard wood forest to be 4.1 X 10% g/m? and that for rain forest 5.0 X 10%,
Since a large majority of the forests of Vietnam are of the molst foreet

type and the next most frequent type 18 eecondary foreste, a bicmass of

*It ig assuméed that a military base has the same basic system functions
and flows as the urbar system (with some specialized functions in terms of
equipment storage, and countrol mechanisme.) All calculations using urban eys-
tems in Southwest Florida indicate for each urban inhabitant .85 acres are
required to house and provide them with necessary servicee. Due to the higher
ensrgy flows of the military system as compared to the urban eystem and an
accompanying increase in astructure, 1t can be agsumed that larger amounte of
land will be necessary to accommodate the system components. Thus, an increase
. of 75% in land area over than required to house and maintain services for milicary

" parsonnel was estimated.
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3.5 X 104 glmz wae used.
The tropical moist forest covers approximately 70-75% of the forest area
while the secondary forest make up the remaining 25-30% with small arcas of
seml~decidyous and dipterocarp dry forests, (FPstimates from General Forest
Map, Goverument of South Vietnam.)
The total biomags or standing cvop for 1965 was calculated by multiplyirg
the biomans per sq{ meter by the area of forests (18.5 X 106 X 4047 = 2,2 X
1011/m2) (3.5 X 104 g/n2 X 2.62 x 10'1/5?) = 9,17 X 1018 kg of blemass.
)

Dead wood (Dead forest structure) - Prior to 1965, &33 k® of forest land had

been sprayed (Herbicide Asgessment Commiseion of the American Association for

the Advancement of Science, Background material relevant to presentations

at the 1370 annual meeting of the AAAS. Chicago, 111, (Dec. 29, 1970) p. t4.)
"Some estimates indicate that one out of every efght trees 1s killed by s
ringle spraying and that 50 to 80 percent are killed in areag where wore than
on¢ spraying hae occured.” (seme reference). Therekore. a low estimate of
20% kilied in those areas sprayed has been made, This estimate takes into
account the 104 to 12;52 killed after.the first spray and allows for an
additiﬁﬁnl 10% due to scattered second sprayings. The amount ;f dead wood
for 1965 was calculasted ¢o be 3.06 X 109 kg, and was figured in the following

manner: (438 kv?) (106 w/km?) (3.5 X 10% g/a2) (107> kg/g) (.20) = 3.06 X 10° k.

Bare Land - is those areas that have had the standing crop warkedly reduced;
it does not ncocessarily mean top soil that 1s 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 ko of forests and &ﬁ'kmz_of agricultural lands had been sprayed

2

(impact of Viet Wam Wer, 19/1). Of the foreata sprayed 20 Xu® of the_&ﬁ&_km?
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was mangrove.* Calculating the amouat of bare land that had accumlated

by 1965 was done by assuming first: that 90% of the mangrove land sprayed
was still bare based on statements by Tschirley (1969) that mangroves are
particularly gusceptible to defoliants and that one applicatioa at the
normal rate employed in Vietnsm 1s sufficient to kill.most of the trees.

And pogssibly because of lost 6eed source there has been little or no
reestablishuent of tl.:e forest; second, that 17% of the upland forests
sprayed prior to 1965 ere otill bare land calculated in the following manner:
it was assumed that of the areca sprayed.a.zoz kill was achieved wich one
'xpplication of defoliants in the upland forests. Of this 207 ar the end of
one year 2,8% haé.feéovered'or bare land is now 19.44Z. At the énd of 2
years 8.8% hae recovered or 18.24% bare land; at the end of 3 years 13.4%
of the 20% has recovered or 1?.322 is still bare land. Third, thét agricul-
ture land sprayed is 90% defoliated for that yeaf. assuming that some land

‘ nighc”ba feplanted vithin the year and b;'replanted the followinélyeér with
a 50% overlap., In othex words 50% of that land sprayed in 1964 is still bare
st the end of 1965 and 1/2 of tha: Iand will be replanted. The remaining
172 will not be replanted due to the absndonnant of villages and hamlets
because of the resettlement of the people vho were in conflict areas., Fourth,
that forest and asriculturel structure destroyed by bombins is calculated

.'1n the same manner. Bowever, there 13 ne data svailable for the yesrs prior

.to 1965. Thus, it wae assumed there was none.
B R ET T Y S L Y AL R '; L Tt T LA T

Py e LR A el i wnmet twy, . R

*This area was messured of official DOD spray run maps at a scale of
1:1,000,000. At this scale it ia difficult to determine exact areas, however,
these maps sre computer dravn and give an accurate indication of where the spray-
ing occurred. 3 different widths of individusl spray were obsexved from these
uapsi thess were assumed to ba 25, 150, and 225 meters wide.
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The value of bare land is a&s follows:

forest sprayed in 1962 20 kn? (13.4%) 2.7 km?
1963 100 kn? (18.24%)  18.2 km?
1964 | 346 kn? (19.44%)  61.6 kn?
Hangrove sprayed prior to 1965 20 Jm? - (90%) 18.0 km?
Agriculture sprayed in 1964 42 tm? (50%) 21 m?
Porest sprayed in 1965 615 km? (20%) 123 kol
Mangrove sprayed in 1965 17 ? (90%) 15.3 m?
Agriculture sprayed tn 1965 267 ka2 (0% 240.3 Wl
TOTAL | 500.1 kn?

Qpy Seeded land in mangroves - The total area of mangroves in Scuth Vietnam

42

Q4

has been estimated as 2,800 kn? (.691 X 10° acres)(Meselson gt gl. 1970) and
rgchirley, 1969), 20 kn? had been sprayed prior to 1965 giving an area of
2,780 ka? (.687 X 10% acres.)

Mangrove forest structure - This structure 1udek includes only woody atem

biomass and has been estimated as 5,000 g!uz (Golley ¢t al., 1962) and between
4,000 g/n2 and 6,000 g/m? by Banijubutana (1957). The value of 5,000 g/m?
was used, thus, for 1965 (2,800 kn2)(10%2/km?) (5000 g/m2) = 14,000 x 105 Ke.

Dead wood (mangrove) - There vas 20 kmz {20 X 105) aprayed prior-to 1965 and

a 90X kill has been estimsted , tbus, (20,0 X 106/m?)(.90) (5000 g/u?) = 90.0
X 106 kg as stated by Tsechirley (1969). There seems to be very 1ittle apparent
recovery or reestablishment after one epraying, However, if there is, the 90%
kill is a conservative estimate and would account for any reestsblishment,

L. - . .. B - - e v

Wood cutters - The number of people engaged in wood cutting is impossible to

count. EBvery refugee is a potential wood cutter cecause it provides & readily
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available income source.

le Viet Cong, N. ¥ietnamese troops in country -~ Very difficult to obtain, final-

' ly found a reference in "Aviarion Week and Space Technology”, Jan., 3, 1966.
"Present Viet Cong strength: (1964)

80~90,000 vegulcy t oops

100,000 guerillas

40,000 political activists™
This 1s an Incvease of 85,000 over May 1965 eatimates of 38,000 - 46,000
regulars and 100,000 {rregulare by Pentagon." Thus, a figure of 140,000
mep wag used for 1965; 40,000 regularﬁ and 100,000 frregularas,

Q¢ Land area in bomb craters - Very difficult figure to obtain; ther; are no
estimates or data available as yet on the size of craters produced per pound
of TNT or for different size bomba, mich less how many of different eize bombe
ha- 1 been dropped. "...there are two variables that make estimates almost
inpossible, type of fuseing and type of terrain (soil) that bomb is dropped
on. (There are) Many typea of fueeing devices and each will produce different
results, and 1f fused to explode on contact uith goil, and explodes on contacc
with trees {nstead, a different result 1s obtained." (Peraonnl 1naerview
comuander, Univ, »f Fla. AFROTC)., We therefore have relied on two sources
for estimates on the 'size of crateﬁ. Aviation Week and Space Technology,
Nov. 29, 1965, p. 18 = "When delayed fusing £8 used craters on the ground are
25-30 feet deep and 50 feet wide at the top wich a blow dowm of 150 feet in
diameter in heavy undergrowth in Iron Triangle area with soft, loamy soil.
Weating (1972} states from perscnal observation that the craters were "20 to
40 feet across and 5 to 20 feet deep." MHe uses an average diameter of 30 feet
and dapth of 15 feet. We have therefore relicd on the follouing tigurea*
cratets 30 feet iu diamatar anA 20 feet doep with a blow doun of 100 fect 1n

TR R . -t . LI

dillatlr..
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To estimate the aumber of cratérs, it was assumed that 751 of all air
wmunitions, expended were 500 pcund bomwbs capable of producing a crater ss
deacribed above, | ' IR '

The air munitions expended in 1565 was 315,000 tons (see “Impact of

the Vietnam War), 75% of this figure is 236,250 tons (2,000 ibs/ton) =

945,000 bombs capable of producing a 706.5 8q. feet crater snd & bare land
ates ¢f 7,100 vq. £ft., thus the ares of cratets (706.5 aq. £t.)(9.45 X 10°)w
667,442,500 sq. ft. of craters (2.3 X 10~5 acres/sq. ft.) = 15,358 acres of

craters,

People ~ The "An;nal Statisticai nulletin" gives tha.total population for
South Vietuan in 1965 ae 15,921,000, Hovever, it states "...all population
figures for Vietnam should be regarded ;q astimates or gross approximations.
The rellability of date for citles is signifiﬁantly better then for rural
areas. Internal security requirements prescribe that each headlot ﬁousehold
must register himself and all thoze residing with bim at & local police sta-~
tion and keep this registration up to date. It i3 these records whith local
authorities draw upon when teporting-populntinn d;ta to the National Institute
of Statistices, It 1s believed that the 1960 figurss represent a fairly accu~
rate estimate of population. With tho deterioration of security, registra-
tion data became incomplete and the NIS hae deengd it advisable, beginning in

1961-1967 figures represent extrapolations of 2,5X per vear oo the 1960 figures.

Mo a4
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Flow 1. Incoming Energies to city, . e o
A value of $252.8 nillion (US) was estimated for 1965 by consulting Table
9 1in “Annual Statiecical Bulletin No. 14" import arrivals by Major Commodity.
Those commodities that were clearly consumer. poods were added along With.pett0~
loum products, those chemicals not used in agriculture, textile industry goods,
machinery and vehicles that were clearly not agriculture oriented, pulp and
paper products and 66X of the commodity labeled “other” (the remaining 34% was
divided between agriculture and urban development energies.) Tho;; commodities
that were clearly for the city were assigned to either agriculture or urban
deveiopment or both; by assuming 4% to agriculrure and 30% to urben development.
Based on finding ¢ percentage that the known quantities of each.wns of the totai,
and the heading others was divided in the following thia dellar value, $257.8
million ¥.5., vas then multiplied by the current conversion factor of 14,000 kcal/$
(pee geﬁeral notes) to obtain 3.54 X 1012 kes1/97. This %s the energetic value

of imports to the city for 1965.

Flow 2, Energiea to Agriculture.

See Flow 1 for explanation. This value, 518.0 million U.S. for 1965 wes
multiplied by curreat conversivn factor 1f 14,000 kcal/dollar giving 2,52 X 101l
keallyr. o e e .

Flow 3. Energies for Urban Davelobmant.
See explanation for Flow 1 for calculation of velue. $117-8 millfon U.S.
(14,000 kcal/dollar) = 1,65 X 10 12kecal/yr for 1965.

¥low 4. Bombs Fxpended.

As described in the explanation for QL6 lend area in boﬁbs craters, to esti-
mate the number of bowbs it was assumed that 75% of all air munitions expended
ware 500 pound bombs,

The air munitions expended in 1965 was 315,000 tons (input of Vietnam War)



{.75) = 236,000 tona. In veality thia percentage represents only 37.5% of the
total munittons {(laud, sea, alr) exprnded, therefore, a very conservative esti-

mate.

Plow 5. Energy of Rome plowe to scrape lund.
In 1965 this value 1s 0 (zero). Rome plowing was started in Vietnam in

1968. i

Flow 6. Herbicides sprayed on agricultural lamd,
This figure was calculated by meltiplying the area sprayed by the spraying
rate of 3 gellons per acre*, For 1965 the cropland sprayed was 63,949 acreck,

This multiplied by 3 gal per acre gives: 197,847 gallons of herbicides.

Flow 7., Herbicidee aprayed on upland foreata.

Calculated by ewltiplying the area of forest sprayed (found in "Impact of
the Vietnam War') as total forest arcas sprayed. This figure vepresents all
forests including mangrove; thus, mangrove aprayed were eubiracted from total
forest areas by the application rate of 3 gal/acra. For i965. 151,831 acres

of forest had been sprayed which would 1cquire 455,493 gallons of herbicide,

Flow 8. Harbicides sprayed on mangroves.
Calculated by muitiplying tte land area of mangroves that were sprayed by
the application rate of 3 gal/acre., Thus, for 1965, 3,779 acres were sprayed

uweing 11,337 gallons of herbicide.

Flow 9, V, C. and N. Vietnamese in active military engagements.
Asguning that there were 140,000 V,C. and NVN troops in South Vietuam in

1965%%and that these were broken into the following percentage groups as follows

*erbiclide assessment commisgion for the AAAS. Background material relevant
to Presentations at the 1970 annual meeting of the AAAS, Chicago, I1l., Dec. 29,
1970. p. 14,

w+Aviation Week and Space Tochnology, January 3, 1966.
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44% puerillas, 33.3% political activists, end 17,7% regular troops.* And
assuming that regular troops and guerillas gre both active in military engage-
ments then 67.7% of the 140,000 troops or '¢,380 trocps are in active military

engagements,

Flow 10. City Land Bombed. o

A difficult estimate to make - this figure was derived'ﬁy assuming that
all bombing done was evenly distributed throughout the country and then ealeu-
lating the % of the total land afea of the country that 1s in city Iﬁud. This
wvas found to be .058Y and multiplying this tiwes cratered area of 15,358
acres gives 890.7 acras of city land bombed. The reason for using cratered

land instead of the clesred land as in agriculture and forest land bombed

(see Flows 12,13) is eimply because of the structural differences, City atructure

1s exceedingly move difficult to move so it was assumed that only the actual
cratered area wﬁa cleared. Again this estimate 1z exceptionally conservative
on two counts., First, it scems entirely possible that more than ,058% of all
bombs dropped oﬁ South Vietnam were In cities and, second, assuming that the only
srea of destruction for esch bomb was that of tﬁe cratered area is very naive at
best; thia figure could range as high as 10 times thie amount. However, working
ﬁith only publishel 1nforuation.nnd not having access to certain classified in-~
formation it 1s felt that conservative estimate is batter than one that might

be subject of much debate.

Flow 11. People killed.

"The Ssnate Refugee Subcommittee estimated that therapave beea 1,050,000
civilian casualties in Vietnam between early 1965 and early 1971, including
about 325,000 killed." (impacc of the Vietnam War). An estimate of 50,000

%Based oun reported estimatce of 100,000 guerillas, 80-90,000 regular troops,
and 40,000 political activists for the year 1966 Ly Péntagon.
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was assumed by equating war deaths to the talative scale of war year by year,

1965-1970.

Flow 12. Agriculture Land Boﬁbed. _

Agein assuming that bombing was evenly distributed throughout the coun?ry,.
and calculating the % of the land area that is agricultural land (17.23%) and
multiplying this times the total cleared area of 169,000 acres* gives 31,100
acres of agriculture bombed and cleared. This area will be réturned to agriQ
cultural production within the year, however, sc it was_felt a mofe accurate
assessment of damuge to agriculture land uouid be in fhe-amﬁunt of land that
was lefr in craters and therefore unusable for agriculture. Tbiﬁ ﬁﬁé found
by multiplying the total cra:ered area. 15 358** acres by 17 232 given an area

of 2,672 acres in craters.

Flow 13. Upland Forest Land Bombed. )

Again sssuming that bcmbing wvas evenly 6istributed throushout the councrv
and calculating the % of land area that 19 uypland foreet (58.8%) and multiplying
thie times the tota) cleared .vea (blowdwwn) pcaused by bowbs, 169,000 acres (.179
acresy/bomb X 555,700 boubs gives 99,732 ecres bombed and in bare land for the
year. The amount of land in craters was found by meltiplying 58.8% times the

area of total craters 15,358 acres¥¥ glving 9,030 acres in craters.

Flow 14, Craters in Natural Succession.
This 18 a very difficult number to judge - the actual crater in most cases

does not disappear from the landscaps hut to some extent will remain a permanent

*Raged as a flow down of 100 ft. diameter (Aviation Week and Space Tech,11/29/65)
**Bages a crater size of 3 ft. in diameter (Westing, 1972) and (Aviation Wk.
and Space Tech, Nov. 29, 1965,)
pBased on a blowdowm of 100 ft. in diameter frowm (ﬂvistionka. & Space Tech,
Nov. 29, 1965.)
¥¥Boped on a crater size of 30 ftr. in diameter, (Westing 1972) (Aviation Wk &
Space Technology, No. 29, 1665.)
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feature (Orians 1970), However, there iz noticeable filling from soil wash
dovn, and in some cases aquatic systems (where the c¢rater remains wet year
arovnd), are present after approximately one year (Pfeiffer, 1971). Where
these craters are in agricultural aress they become practically unusable except
for irrigation purposes; there also have boen some reports that craters have
been used for Fish pouds in forest reglons. The return to its former state

is a slow ﬁrocess indeed, scsrting with some grasses (lmperata) and eventually
supporting rame woody brush, vines and bamboo. It i3 therefore assumed that
the sncceséional rate of craters is approximately .012 for lack of any real
data. Thig means thét L0012 per year of existing craters are retaiuned to this
natura; ﬁré&uctiﬁity or ,001 X 15;358 acres of craters = 15,36 acres in 1965-66
were réturne& to their natural state, or some other productive state useful to

man.

Flow 15. Agricultura Land ilome Plowed.
Thia value is zero (0); Yome plnwins was started in early 1968, However,

- 1n 1ater uesrs this was calculated in the following maNNer .

Flow 16. Forest Land Rome Plowed.
Again this value for 1965 is Zevo (0); started in 1968, however, in later

years, this value was calculated in the following manner.

Flow 17. Forest Land Rerbiecided,

In 1965 155,610 acres of forest land were sprayed ("Impact of Viet Nam
War"}, this valus includes mengrove land eprayed, thus, from official department
of Defense Spray Flight overlays it was determined that 3,779 acres of mangrove

was sprayed leavins 8 tota] of 151 831 acres of upland forest sprayed.

Flow 18. Agriculture Land erbicided.
Agriculture land area by year that hae been sprayed: 90X was assumed to

be defoliated and unusable for the entire year for several reasons. First,
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because farmers may have abandoned field; second, defoliation occurring late
in the frowing reason, and third, to coupensate for any error due to second
applications in certain sress. Thug, for 1965 -(6.60 X 10% acres)(90%) = 5.94

X 10“ acres.

Flow 19. Mangrove Land Herbicided.
This figure wag measured off of officiel Department of Defense Spray Flight

overlays, (see Qio-Bareland for explanation) Area was 1,779 acres.

Flow 20. Bareland in Natural Succesgsion.

Of the total bareland in storage in any one year, the flow back into forest
land by natural succession ie calculatéd in the following manner;of the forest
land defoliated that year 0.0% returns to forest, of the forest land defoliated
the year before (2 yrs previous) 2.8% returms to forest of that defoliated 3 yrs
previcus 8.87 returns to forest, of that dafoliated 4 yre previous 13,42 returns
and that 5 yrs pervious 172 returns, of that 6 yrs previocus 72.8% returns; it
wap also assumed thet 107 of agricuiture land sprayed started into succesasion
becauge of abandonment. The bare land In matural succeseion for 1965 was as
followsa.

1962 Forest Spray total 20 ka? (20% killed) = & km? X 13.4% = .56 km?
1963 Forest Spray total 100 km® (20X killed) = 20 Im® X 8.8% = 1.76 km?
1964 Forest Spray total 338 ka® ( 20% killed) = 67.6 km2 X 2.8¢ = 1,89 kn
1965 Forest Spray totsl 630 km? (20% killed) = 126 km2 X 0% = 0

1965 Agriculture spray 267 km? (20% killed) = 240.3 km® X 10% = 24.0 kn?

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 1963 there was 51.3 kn? of wangrove land bare

and in that year .05% of .026 kn? (6.34 acres) returned to seeded,
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Flow 22. ﬁare Land Returning to Agriculture,

Here it is assumed that 85% of agricultural land killed remafns fallow for
one year only, then it is returned to planted land, and that 5% of bare forest
land ie reclaimed as agriculture.

10,374 acres sprayed in 1964 (05%) =« B,817.9
113,126 acres sprayed in 1965 (5%) = _5,656.3
14,474.2
Flows 23, 25, 26, and 27, "Land" converted to Urban Land.

It has been estimated by A.I.D., that the urban populatiens of South Viet
Ham have grown from 15 to 30 percent, and that the populations of Saigon and
Danang together swelled by abouwt I million percone in 5 years,® Tt is assumed
that urban population has growm by 30 percent during the & year period (1965-70)
at a constant rate of 5% per year, It is further assumed that urban structure
grovth during this time 18 proportionzl to population growth. Therefore, if the
urban land area was 2.47 X 10é geres, then 5% growth per year will add 1,233 acres

per year to Soasth Vietnam urban areas.

Flow 28, Agriculture Structure RDombed.
. As celculated for Flow 12, agricultura alnd bombed, 31!100 acres were cleaved
by hombing in 1965. .fhe structure per acre was calculated as 975.1 kgm/acre.
Thus, the structure destroyed is celculsted ae the number of acrés cléared nmulti-
rlied by the structure per acre. B

For 1965: (31,100 acres)(975.1 kg/acre) = 3.03 X 10 kg,

Flow 29, Forest Structure Bembed. . '

Calculated in the same mauner as Plow 28, using $f5 x 104 g}mz'(neé explans-
tion for Qé) as the-ntructu:e, and 99,732 acres aa.the ﬁfea cleéreﬂ f#ee explona-
tion for Flow 13). R - -

For 1965 (3.5 X 10% g/n?) (99,732 scres) (6047 m2facre) = 1,41 X 2010 kg,
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Flow 30. Agriculture Structure Rome Plowed,
Plowed area multiplied by structure/acea {975.1 kg/acre). For 1965 -0~

Rome plowing was started in 1968,

Flow 31. Foree: Structure Rome Plowed. :

Area cleared multiplied by structurefacre 3.5 % 10 glmz)(4047 mzfacre)
= 1.42 X 10° kg/acre.

For 1965 -0~ Rome plowing started in 1968,

Flow 32. Porest Stracture Lost Due to Defoliation,

Aresa gprayed (151,831 acren)(sea Flow 17) multipifed by 20X kill based on
explanstion for Q9. Based on an initial standing crop of 3.5 X 106 afa2, the
structure lost can be calculated by muitiplying the area killed by standing crop.

For 1965 - (151,831)(20%) (4047)¢3.5 x 10! xg/m?) « 4.31 X 10% k3.

Flow 33. Agriculture Structure Defoliated.

The area aprayed times 90X (ace cxplanution for Qyq) multiplied by standing
cropa of 917 kg/acre.

For 1965 - 65,949 (.90)(9.71 X 102) = 5,95 ¥ 107 kg.

Flow 34. Mangrove Structure Defoliated.

Avea of mangroves sprayed multiplied by 90X (representing the kiil rate)
and this sultiplied by the figure for otending crop.

For 1965 (3779 acres) (4047 n®/acre) (90%) (5.0 X 10* kg/w?) = 6.9 X 10° kg.

Flow 35. Energies of woodcuttsars to cut wood.
Thies valua is derived from the mpan value for total energy expenditures of
5,908 keal per minute given by Hartung and naets (1968) Aasumins that a wood-~
| cutter's work dny ig 10 hours. his expanditure fs then 5 908 kcallnin x 360 miu.

L N

2160 keal/day.



Flow 36.

Flow 37.

Flow 38,

Flow 39.

Flow 40,

Flow 41.

From the "Vietnam Statistical Yeachook,” p. 192,
exports by country ~ the total for 1965 wag 1.77 X 105 metric tons. This value

is derived from the sale of licenses, vo it may of off as much as 10X either way.

Forest Structure Cut by Weod Cutters.

Data not available

Dead Forest Wood Cut by YHood Cutters.

Data not aveilable

Mapgrove Structure Cut by Wood Cutters.

Data not available

Dead Mangrove Wood cut by Wood Cutters.

Data not available

Goods bought by Wood Cutters.

Dats not aveilzble

"~ Goods Exborted frou South Viatnnﬁ.'

il

'Haight-of imports and

208
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Flow 42. Wood for Charcoal and Lumber to tha City.

Data not available

Floxr 43. HNatural Ensrgies to Natural Systems.

The sum of the natural potential emerpiea of: Rivers (644 X 1012 keal/yr), tides
(152 X 1012 keallyr), rain as cunoff (119 X 1012), thermal heating (1630 X 1012 keallvr),
wind absorption (52 X 1012 keal/yr), and the chemical potential energy as gross
photosynthesis ecological systems (1312 X 1012 keal/yr). Total for 1965 is 3959 X 1012

kcal/vrs
Flow 44, Money to South vietnaﬁ from Outoide Sources.

Obtained from "Annual Statistical Bullatin MNo. 14," p. 11, Table ILI ~
Balance of Pyamente = 1962-1970 under official aid (sub-ﬁending E). Total for
1965 $264.8 million. This value includes offictel grants, U.S. Govt, holdings

of disasters and officisl lomns. -

Flow 45. Monmey in exchange for outside enerpgies.
Obtained from “Annuanl Stotistical Bulletin Mo, 14," p. 9, Table I -

Foreign Trade SwAmary 1958 - 1970, under 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
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Flow 48, Money in Exchange for Exported Goods,
Obtained from "Anwual Statistical Bulletin No. 14," p. 11. Table III

Balance of Payments - 1962-1970 under subheading A. Exports - 19653, $40.3 million.

Flow 49. NVN Sources.

Pata not available.

Flow 50. Abandonad snd Agricultura Land .

This value was celculated by knowina the land area that vas aupposed to
be in Agriculture for thn foIlowing year and the smounts that fluuud out during
the presen: ycar. In each casa the land areas that ware loat due to herbicides,
bombing and Rome plowing did not gccount for enough loas when compared to total
land planted in the Eo]luuing year (Vietnam Statisticel Yearbook). Thus, some
land was lost to sgriculture production dve to movemeut of people off the land.

For 1965 - 5.73 X 107 scres. . T



"APPENDIE B

Caleculation of Pimordered Lands by Year

1. Rombing. | |

In the 6 years from 1965 to 1970, 5,556,100 tons of air wunitions
and 128,500 tons of sea municions weve expended (Twpact of the Vier Namw
Har, 1571). For the purposes of the model and lack of sufficient data it
was sacumed that 75X of the sir sumitions, only, were cepable of produc-
ing craters equivelant ¢o that of a 500 pound bowb (30 in dismater) with
a blow down (tleared ares) of 100' in dismetar (Pfeiffer, 1971), Thias i
probably .em over estisusite of the nuwmbsr of 500 pound bowibs dropped. How~
ever, when compared with &ll crater producing munitiona, the calculated
cratered aves iz copgervative at best., Wtih these calculations, then,
16,665,000 five lamdred pound bozbs were dropped on South Viet Ham in these
6 years. ‘Thie compares to 21 million zstimated Ly Westing and Pfeiffer
(1972).

It was assumed that the bowbing wae spread evenly throughout the
country; koowing the ralative § of the total area of the country in each
of tha four major land use categoriss (city land .058%; agricultural land
17,23%; forest land 58.8%; mangrove land 1.61), the percentages of bombs
dropped in each of theoe can be caleulated. The nunber of crater produc-
ing bomba dropped in sach land ugse categoxy was then multiplied by the
cleared ares praoduced by one bomb (.181 aecxes). The following table shows

. year by year totals for bombs dropped and cleared area.
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YEAR TOTAL BOMBS CTITY LAND  AGRICULIURE FOREST LAND MAKGROVE LAND
(Clesred o LAND {Cleared  (Cleared (Acres) y,1p4
Acres) x10 Acres) x104 Acres) x]104

1965 .96 X100 1.2 x10° 2.9 10.0 .28
1966  1.5x106 2.4 x10% 4.8 16.5 .45
1967 2.8%x105 3.2 x10° 8.8 30.0 .83
1968 4.3%106 4.7 X10° 13.4 46.0 1.26
1969  4.2x10% 4.5x18% 13.0 4.0 1.22
1976 2.9%x108% 3.3 x10% 9.1 31.0 .86

2, Berbicides,

In tha eix yesrs from 1865 through 1970 & total of 5,092,228 acres of
forest and 1,035,882 acres of cropland have been sprayed. -Of the 5.1
miliion acres of forest sprayed 486,140 acres were wmangroves®., The acres
of defoliated land for each land use category ware calculated in the follow-
ing wmanner: T

First, Agriculture land sprayed was sssuned tb ba 90% Zafoliated for
that year (asguning that oome land might be veplanted in that year) and cha
following year the land wan replanted. Thus, only one year's yleld 1s lost.
Second, forast land avan sprayed was ascused to be 202 defoliated based on
statements from Meselson g% al. (1970) that “some eatimates indicate that
ong out of evafy eight or ten trees 13 killed by a single epraying and thst
50 to 80 porcent are killed 4n aress where mors than one spraying has occurred.
Therefore, & comsarvaiive eatimate of 20% killed wap sesumed. Third, 90%

of Mangrove land sprayed was defoliated besed on statoments by Tschirley

*Thig area was meaourod on official Dept. of Defende herbiclda apray-
run paps, ecale of 1:1,000,000; year by year totals foy Mangrove land eprayed
are as follows: 1965 ~ 4700 acres; 1966 - 96,330 ncras; 1967 - 197,690 acres,

1968 « 68,606 scren; 1969 - 90,155 acres; 1970 - 11,609 acres.
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(1969) that Mengroves are particularly susceptible to defoliants and that one
application at the normal rate employed in Viet Nam is fficient to kill

most of the trees, and posnibly because of loss of seed source there has
been little or no reecstablishment of the forest. The following table shows
the year by year total land herbicided and conaequen:ly removed fron pro=-

duct:lon from each of the ‘land use categories.

YEAR TOTAL ARFA  CITY LAND AGRICULTURAL FOREST LAND MANGROVE LAND

HERBICIDED  AFFECTED LAWD OUT OF  OUT OF OUT OF
106 acres 102 acres yod0 C N O acres 106 acres.

1965  22.2 o4 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 6.6 26.0 6.9

1969  128.7. 2.4 6.6 22.6 9.0

1970 25.3 6 1.3 4.2 1.2

3. Bome Plowiog Operstion.

With available information 350,500 acres of forest land wers estimated
a8 belug cleared from 1968 to 1970 by the Rows Plov Operazion. WVesting emd
Pfeiffer {1971 and 1972) bave calculated the area of plowed land ot approxi-
mately 750,000 acres. They further estimate thatéfthisﬁzﬁ,ooo acres {(were)
of prime timberlands accessible tc lumbar op?rations. and 2,500 acreo qf
producing rubber trees." These figures do not include prime timber land
fhat islnot.acceusible to lumber mills but contributes to the total enargy'
budget of South Viet Naw, It was aﬁmd that 350,000 acres of forests and 90,000
acres of agricultursl lgnd ware cleaved by the Roue Plow Operation. The land

© aveas cleared each yoar were assumed to be equal, becausa 1t vas assuoed ;he

operation proceeded at a constant rate.
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.. . . YeAR AGRICULTURE  PORES

L 104 acres 10% acres

o 1968 300 1166
1969  3.00 11.66 - '
1970 3.00 11.66 '




Appendix C

Imports (thousands of metric tons)

1965 2,159

1966 2,423 3200 j

1967 2,269

1968 2,387 2600 - "VIETNAM

1969 3,469 ' STATISTICAL

I9T0 3,380 % 2400 YEARBOOK

1970"

2000

Fael to South Vigtnam (thous. meiric tons) (cartial dota)

1966 10052 1.2
967 05622 \//
0.8 -

1966 |.osz:-
1969 1.128 " s JV-IVIETNAM STATISTICAL YEARBOOK 1970
1970 1219 09 42 “ETNAM STATISTICAL YEARBOOK
. 1967 - 1968"
o ¥ ¥ ¥ ] I F

64 65 €6 67 68 6% 70

Mongy Spent for Goods & Fuel by Vietnam
(inport arrivals) (millions U.S. §)

1968 3877 800~

1966 607.2 -

1967 7440 600~

1968 707.5 400 .

1969 837.7 Shaon ANNUAL STATISTICAL

1970 T15.) 200 BULLETIN NO, 14
Q Sy

T L] ] ¥ L}
64 G35 66 67 68 69 70

Structure Destroyed by War (thousonds of acres)

1963 2.12 -
1966 7.3¢ 12
1967 12.12 N
1953 12,87 . g
1969 8.89 =
1970 4.%49 4
¥* Only ¢ix month figures wers given 0.

for these yeors, $0 figure was Vo1
doubled for year total. ... 6445 65
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7. Simplified Simulation Model of Vietnam
and the Impact of Herbicides

J. Zucechetto

In Fig, % is a simplifi;d ;ersinn of the more cowplex moedel of Vietnawm
given inSection 6,Fig. 1 hrs agriculture, non~human ecosystems, and urban
settlements that depend on outside sources of matural enexgles, 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 commnist ewergies.
The model has the feedback of disrupted structures to a storage of disordered
parta (e_.g., land destroyed by bombs and herbilcides) that react with
available cuergies to produce. neg structure. T&bla 1 has a treuslation of
the equations in F;ls. 2 which mathewmatically describe the system configuration
fn Fig. 1. . '

From the data that were assembled for the lavger descriptive model,
storages and flow raves were estimated and these were used for the pathway
coefficients as given in Tables ] and 2. The scsled aquations Ara given

in Teble 3 along with the scaling factors in Table 4,
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General Equations

Q) = S +KQ, - KQ00 - "_;Ql ' f‘af}lu - %, 9,0
Qy = K+ Ry (@ + Q3 + Q) + Ky ;‘ﬁ "NQ;) - kGQ;Qz"
Qy = KyQ QM = RyQuCH - "‘3“3. " Fao_"a“l -
g . K QM - 5‘1;“4 N ‘fiz;qlaw )
H o= K0y + A . Ryt = Ky + 9 |
£ ‘ﬂs. 2, 5.‘ | P ™ “ !."




Table i

Description

Tank Levels, Flows § Calculations

Source of
Informarion

K“H

KSCH(Q1+Q3+Q4)

K34Q3

Cap tal 1n Ci:y

. Berbicida Use

Ecosystem Lands (Upland Forest. and

Mangrove)

Disordered Parts (Forest, Agriculture
and ¢ity)

- Agricultural Land - - - ¢ -

Uchan Land . - .

Comsnmist Bnergies.

Ra:e of Growth of Brban Land

Barg Forest Land Beturniug to

Agriculture

Assume 50% of Agricvitursl Land
Replanted

Ecosystex Land Destroyed

U.5. War Appropriations

U. 8. Aid
Purchased Input
Structure Destroyed

Money in due to Szles

19.19 x 10° Acres

125 x 10% Acres

+7.31 x_lO4 Acres

2.47 x 10° Acres

- §281 Millton

644 x 10° Gallons/¥r.
$555 Million/Yr.

1235 Acres/fYr.

5500 Acres/Yr.

4.5 x 10° Acres/tr.
" 7.95 x 10° Acres/Yr.
'$200 Million/¥r.

$250 Million/Yr.

$50.3 Million/Yr,
40 x 10° Acres/¥r.
$40.5 Milifon/Yr.

D.0.D, and Vietnam
Statistic Year Book

{See Footnuies)
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Teble 1 (Cont.)

l:é_esaipt&on

Tack Levels, Flows & Calculaticns

Source of
Informetion

K8
Y

o

Eoney to Porchese Goods and Pusls

fiere Land Raturning to Agriculture
Parural Lond -+ Uzben lend
Eaturzl Land + Agriculturel Lamd

Rate of Retsrrn of Dloordered isnd to
Bszurel ZLand

| Agriculttral Berdleide Destructicn

| Kyy(Q #Q; + Q) Total Esbicide Desiruction

e BygQd

K 8Q3

K32%

Urban Bash Destruction

Total Eocoyntem Tronsformation into .
Sxral ond Pobem

.

$130.5 Eillion/Tr.
$80.5 mwra
14,500 AcresfYr.

1233 Acres/Yr.

560D Aczeaf¥r.
4.9 x io’“ Acres/Yr.

1.25 % 10°

1.5 105 Acres/Yr.

5.96 x 10° Acres

71 x 10% Acres/year
850 Acves/¥r.

6835 Acres/Yr.

.02 QSIY:.

.02 Q‘!!r.

D.0.D. sud Vietnam
Stztistical Yearbook

1444
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Footnotes for Table 1

Figures are approximately 1965-66 values.

Assume that the natural energies balance the logses to malntain a steady-state
in the natural system. Thus,

S = KIQI where it is assumed that Klql w (.02 Ql = 27 of Qlfyear

Storages:

le Eceogystem lands ~ Uplond forests

= * 106 acres
Mangrove =

18.5
0.691 x 10® acres
9.1

19.19 x 106 acres

Q): Disordered parts - Bombed
Agriculture: 31,000 acres

Forest: 4,030 acres in craters
City: 8%0 acres

4.092 x 10& acres

A o i A i

Forest: 150,000 acres
Agriculture: 5.94 x 107 scres

21 = loa-acres

fOTALx Q2 % 25 % IOA acres

03: Agricultyral land = 7.31 x 106 acras

'Q: Urban land = 2.47 x 10° acres

M:  Capital in city = $28] million
Rerbicide use - Agricultural land: 198 x 107 gallons

Upland foresct: 455 » 103 gallons
Mangroves: - 11 x 107 gallous

644 x 103 gallons

C: Cosmunist energles ~ 140,000 men or $355 million

Flowa in System:
Rate of growth of urban land: xllqlqzﬁ # 12?5.acres/ygi

Bare forest land returning te agriculturet K7QLQ2M ¥ 5600 acresfyr.
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Pootnotes for Table 1 (Continued)

Aspume 50% of agricultural land replented. Thus,
RgQ, 0 = 0.5 [3.1 x 20% + 5,98 x 10*] = 4.5 x 10* acres/yr.

Ecosyatem lands destroyed: :
R Q.00 = 0.05 [(9.03 + 150) x 10°) = 7.9 x 10° acves/yr.

War appropriztions from U.S.:
W= $200 allliwm

U. 8. aid: -
A = §250 ntllion

Purchaned ipput smounts to:

K‘H % $50.3 million

Amouat of siructure destroyed: _
Ky CH [Ql +Q,+ Qé] * 40 x 10° ecres/yr.

Amount of money flowring in dus to eslaas
KMQa % $40,3 million

The szount of wmoney f£lowing out to purchase goods and feel:
(xls + xm)u o §130.5 willion , ltw!! o $80.5 =illion

Bara lond returning to agriculturas E P P
K601Q2H o 14,000 acres/yr. '

Amount of natural land changing into urbsan lend:
KquQZH = 1235 scxes/yr.

Amovont of natural land converted into agricultuwal hnd:.
IL,QIQZH = 5600 acres/yr.

Roral destruction:
KgQ,0H = 4.5 x 10 seree/yr.

Rate of return of disordered land to natural lead:
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¥ootnotes for Table 1 {(Cont.)

Ecoaystem destruction due to herbicida:

K@ = 13 x10° aevealye. ©

Agricultural land destroyed by herbicide:
K30Q3ﬂ % 5,94 x 10ﬁ acres/yx.

Total herbicide deatruction:
Kzlﬂ(ql + Qz + Qq) ﬂ_gl % 104 acrea/yr.

 Urban bomb deatruction:
K13°ac“ = 890 acrcs/yrf

Yotal bomb destruction:
KgCW (QI + 03 + Qa) * 40 x 107 acres/yr.

Total ecosystem transformation iato raral and urban:
K2Q1Q2 = 1235 + 5600 = 6835 acreo/yr.

Aspume approximately 2% recycle into G, from Ql’ Q3 and Q& il.e. K? b K = 0 02




~ Table 2

22628

Coefficient valuen:

0.05

oﬂ
®

s 0.355 x 10>

= 0.373 x 10°°
0.179

% 0.136 x 1077
0

OH UI“ “H hi” J‘
]

= 0.104 x 1071

0.0403 x 10~19

5.55 x 1073
0.0092 x 16710

32.5 x 1078

5.54 = 10°°

ol
.
®

t

0.179
0.286

-2
0.79 x 10

o

e
ad
Q

2

U“
(=

= 0.812 x 10"

Kg = Klz = 0,02

e



Table 3. Scaled Equations

—§ = 385 [8]+.5(Q,] - .134 (10) {Q,}[CI{¥] ~ 30 K, (Q;) - .234 [Q){R} - .15 (200)[Q,]11Q,}IN]

Q | -
-2 s = .14 tM) + .5 [C]iW]) (.3 [Q1] + .0098 [QSI + .00%8 {Qal) + .5 (.1&2{100)[‘311 + 475 [Q3)0Di]
A3 x 10 : :
- .938(100) [M}Q,1[Q;] + .18(10)[Q,] + .06(10)[Q,} + .06(Q,]
Q |
e = 365(100) (110,11Q,] - .2(100)[Q,}{CHIN] ~ 30 Xg [Q,] - .244 [Q;1(H]
.33 x 10 : '
33 x 200 = -LL(1000)[Q,11Q,1(M) - 30 Ky, 10,] - .117(10003{Q,}(CIIW]
| S
33 x 103 = 166 [Q3] + .15(10){A] ~ .86(10)(M] - .86(10)[M] + .18(100)[W]

Maximpn Values:

6 y _
Qq = 30x 10 = 10 tm = 2x10° Am = 500

Qpy = 10 . Ma =30? Vo = 6x 100 B o= 1

632



"Table 4

" Scaling Factora
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QSC" - .

Yo 12:x 10
Qv
360 x 1012

13

- . Q3ﬂ
10"
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Regults of Computer Runs

In the firet run (Fig 5) the gystem was not pulsed with a 5-year input
of herbicides. As can be seen from Fig. 5 the various state variables in the
model eventually achieve a steady state value, the urban sector taking the
longent to achleve steady state. HNotice in Figs. 6 and 7 that the effects of
a 5-year herbicide pvlee or s double intensity 10-year herbs:ide pulse produce
perturbations in the system varisbles during the first 10-15 years, a time -
during which the rates of change are different then in Fig. 5. The system
has enough inherent stability to &anp out the perturbations aend to eventually
proceed to similar steady etate values Ilrcegardlees of vhether there was a
herbicide pulse. The interesting question arises as to the limits of herbicidal
disordering and deatructlion beyoud which the system would not recover and a
completely new steady-ctate aituatioﬁ would result. Of course, the stability
and recovery of the system are linked to the input of natural energy (solar to
photosynthetic growth) and fosefl-fual and rescurce energy. Without these
order-directing pathways the systeom, under 1n£ense desfructive energles, would
end in disorder with a much alower recovery rate, | |

Fig. 8 presents results under the assumptioﬁ that there {s no flow, Kon'
from Qz (disordered parts) to Q1 {natural ecosystem). This situation might
ariée 1f a political decision 1ls made éo develop the devastated natural areas.
The system recovers to the same steady-otate values as before excep. for
ecosystem lands which end up at a lower value (app. 163 lower). It is interesting
to netice in all the graphe that urban development follows a kind of pseuﬁo—logi:tic
cufve even though there is only a linear depreciation outflow and & constant
yearly rate of energy input (¥.S. aid). The question arises as to what kind of

growth will arise 1if there i3 a square term deprectation ocutflow from Q4.
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Pigure 7. 10~
. year double
intenaity pulse of herbicide; 15~year
H war puls.
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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 perte. Fig. 11 fllustrates the
response with a KQ62 outflow from the Q& atorage.

Since the development and recovery of the system 1s so dependent on
U.8. aid, i.e., on fvels and resources, it is interesting to look at the
response of the system under different levels of subsidy. Iun 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 15 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 peréentnge increase in growth is decreasing with
equal increments of U.8. aid. This effect wos dafinitely seen for the
agricultural growth in that thoere was vircually no change beéueen 10 times and
30 times the base level of U.S. ald. Both Fiss..9 and 10 assume that there is

no natural recovery from Q2 to Ql'

Perepective in Comparison of Hexbicide Impact
with Othex Disruptions

Exanination of the Qimuxation curvas.sugges: magnitudae of impact of the
herbicide spraying period on the total énergy flow of the Vietnam system. As
shown in Fig. 6 the percentage of energy lenc, as a fraction of the area under
the disordered parte curve until gsteady-state is reached, is approximately
5-6X. The impact of herbici&es-exerts a.short range effect, damping out

within a perigd of 5 yeare, ao long ae foreign aid 1s stimulating reovdering.
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. ; 2
Pigure 11. Five-yesr herbicida pulse; 15~yee~ war pulse, Q- outflow from Q4.



8. A SIMPLIFIED SIKULATION OF THE IMPACT OF HIABICIDE AYD
WAR ON PRODUCTIVITY IN VIETNAM
C. SWALLOWS

The destructiqn-oaused by war has a functional reln=
tionship Qtth thoee materiala which have not bheen affected
“nor destroyad. In energy terms, the stresgs of war upon
structure createa dtaor&erlng enzrgles which interact with
ordaring sneraeles to assiat the raegtablishment of'ofdef.
For exauple. natﬁral blodegradation procesaes qenefate
| _nutrlentﬂ rrom the organic natter of fallen treea which .
will assiat in the rertilization of tha moil for the bﬂne-
f1t of future trees and other Plant 1ife, |

“The discrﬂortng energy n offect oatalyzes ths order= '

ed enargies direoted to forn now atruoture, This formation

of new atructure 1s a function or the rate ot oatalyzation

which 1n turn 18 a funotion of thglquantity or_the disorder

generated and the ordersd energy available for the cata
lytio process. ” v oL
A baatc wodsl of the v1etnnm conrliot is shomn in

Fle, 1. It deplots basic interactions among the various

oomponents of nar. atruetura. dtsorder. and ordered onergy. _

The upplicatlon of atress upon the utruoture wlll
obvliously decrease the quantity of the structure, but
what affeots does the gtress have upon recovery time and

the steady-state lavels?

s e
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In the agrarian system of Vietnam, the broductivity of
forest land end agriculitural land has been a primary basis
for that society, What was the quantitative role of herbl-
cide in forest and agricultural productivity? How long
were lands rendared unproducitive? How fast uefe répair
mechanisns released? How rapldly were bDared lands and
relaased nutrients aoccelerating successions znd regrowth?

In this section two models are evaluated and simulated
to suggest regrowth patterns for the forests and agriocunl-
tural uplands of Vietnam, ‘

Productivity Hodel One

The model ahown in fig. 1. 1& a Baorosooplc view
of the Vietnam conflict which depicts the order-diacrder
symbiotio procsas, In order to sinplify the oospiex inter=-
actione within productivity, the avallable apricultural snd
forest acresge waa luamped into  gingle storage wilthout
consideration of spatial relmtiornships., The forecing
funotions which contributed to the growth and stabllity
were natural energy and included some fossil fuel subsidles
to the rural sconcmy. Theae rorélng_runotions are shown
tnteraoting with the disordering energy to reestablish
digordered land to productive “and, Exports provide ine
ocone and the model assunes constant price; earnings go

for fuel, PFinanolsl subsidies frcm the United States are

R T A ST 12 1 P A R, S I S
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shoun furthar aubsidizing natural energy.

QL

Tha narring faotions ant ag two large energy sources

which match each other in tho Boﬂel as to the power they

aend into tho war, »
L T F
DU LA B S S .
sontor b, Lo Wi cur LT Ta

Dlrferentiml EQuationa:

& z,,v ~ KpB

. D - Kﬂw‘ﬁ - KQHD i i L -
H ] KBA * KGE - KF“ ’ . . .,-::._ "I'g S e
. “ R E L e mbia Chie e et ot om

u .c- mm e s e e

- B .-‘ .. L ..j."'F J T . -;_.._,-. ' 3
HA ” A h Kz" w - L ., KA N i H
Foaned s N PRESEEE B TS R B A S Y SOV SR YIS
SR I 1 0 S SRR O S T S T MR SRS S £ A

Nusbers used for scaling ars given on the energy flows

show 1in Fis- 1" pg obtained frem tho following Table 1.

Thage numbare ‘tndicate the quantitics which have flowed

:frﬂﬂ the sources to the sterages or from the atorasea to
P e R I S TR T UL S P Y SRNPSE B PSS LA

anothar storage. ﬂ?"‘““f—.‘

b

' Noto ‘that Tables "2 “and "3 ere foctnotus of Table

4. These tablea 1ndioaté the scaling procedure followed
for this model, Table 4 shows the rosults of the coaling

~ proceas.
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Flow Type of Flow Quantity Source
1 U.5. aid to Vietnam 5x lﬂlzkcal *Annual Statistical
: Bulletin #14'
2 Money spent for fuel by Vietnam 8.5 x 1012kcal ‘Annual Statiscical
Bulletin #14'
3 Fuel to Vietnam 1.62 x lolokcal Vietnam Statistical
Yearbook
4 Herbicide destructicn of land 21 x lohacres Impact of Vietnam War
5 Exports 2 = 10%g Vietnan Statisticsl
Yearbook
6 & 7 U.S. war appropriations and effort 23 =z 1013kcnl Impact of Vietnam War
8 Hexrbicida epplication 2.4 x 1013kcal Impact of Vietnam War
9 Communist war effort 8x lolzkcal
10 Natural energy 2,45 x 1015k,ca1 hk

*Husbers were derived from data paper by Mark brown (Far: 6)

*tPor flow 10:

Insolation:

(uooo koal/hzlday)(hooo nl/acre) (6 x 10 acres) (365 days/year)

= 1.5 1015 kcal/year

Gross productin of disturbed cover is approximately 1¥ of

insolation, Therefore, 3.5 x 1013 kosl/year,

For one acre of vegetation oyder

Turnover: _3,5 X ;015 keal/yaay
4 x 107 keal/acre

{10,000 keal/m?) (4000 nzlacre) a i x 10? kcal/acre

= 0.9x 108 acre/year

theratore, the turnover rate iz approximataly

once per year.
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Table 2

Scaling

1013

.13 . . ~15
AT K " (23 x 1005 (8 x 1012 = 5 % 10
R 16V
Kie = 10 - R 0ot e x 10'Y) = 0.22 x 10712
| 12 5 x 10°2
Kp =5 x10 Ky ~ 3321003 = 0.022
kY = 2x10° o ok, w2228 . 02
s : e 109
y
L s I -10
KW, = 10 L Ky oaaget? t4x10
e L 10®
KGE = 10 I Itﬁ. - 'i-dg 1. |
S k= w5 Tt
. . . - r . KN PR . . e ——— 10
e e 10 L an
K, = 100 Ry * 5 egold = 4% 10
L T S e
10° . L
EDM = 100 i - - : RV A CE .
4 _ k ¢ x 10905 x 10 - 3320
: | -3 1.2 x107° —
K.‘I.Ov - ],..2 x 10 Kw - -6—:—135-'-— . X
P ST . :_ IR S e .

6. ...‘
- 6 x 10
Kja¥ = é6x10 T K3t ex10 1
12 Y S A
RM = 207 e e iRy om TGN e 2

' 8 T TS Ui
.xvv " 4‘2 tlo; T . gv = 109 ' _n‘ 0.2
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Table 3
Pot Setting
8 x 10" 10®3
~§-~—-~—)~,3 2 L) . 0.8 11 0.8 (10)
(10" ") (1077)
22 % 208 ot
o o« 0.23 13 0.023 (10)
100 107 ,
b 106 1 36 0.1 €10)
~15. . 28 .
!2 X 10 gglo ! .
i3 -5 i5 0.5 (10)
10
1.2 x 10713 10%%)
" - L2 16 0.12 (10)
15
(0.022) 10
1053 " 2.2 2 0.22 (10)
(0.2) (30%) :
108 « 0.002 33 0.002
% x 107% (10'%)
X - 0.4 31 0.4
8
(1o
S0 = 0.0 35 0.01
8
1Q0) . g 34 0.1 (10)
10
~11 15
xae QA0 ) | o 24 0.04 (10)



Table 3 (Cont.)
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Pot Setting
(0.33 x 10°13) 20t?) -
Ky 0 = 0.3 26 0.3
2 x 10°% a0t} : ,
Ko 106 - 0.2 23 0.2
X M oy 25 0.1 (10)
————————— o * )
13 108
2 1ol a .
R 1ob3 - 2 22 0.2 (10)
6 .
Q-0Q0). . g.002 32 0.002
X 13
v 10
K Initial Condition 12 0.386

11
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Table 4

Pot I Setting Addreas

1 .. 008 Q200 .. C,

12 - 0.386 Xy

13- o 0.023 (10 . A
14 - ' - " Upper Limit
15 S T 0.5(10) ; K

16 A RT3 K,

2L ' a2 K,

22 - ez @ae

23 L o :. 0.2 G S xlﬂ

24 SRR Co006 0) . Ky

25 - D W e ) T xiﬁ"'“

26 | 03 A

n PR X,

32 B St 0,002 Ry

33 A X S

';f‘ :

34 L L 0.01 10y

3as St Sy 0.01 s

o

36 T 0.01 (10) : N



The graphs rvesulting from slwulations ere shown in
Figures 3, 4, and S. '

Since the atarting condition wae oaloulated with a
steady.gtate dlagrem, Plg. 3 shows a oonstant, steady
state Quantity of acreage available for production without
-herbleide und war. The ateady«sgtate quantity 18 approxi-
mately 0,4 x 105 acres and tha financiel status of the
sountry remalnallou.

Fige 4 deplety the effosts of herbdblicide defollae-
tion upon tas components whon the Amerlican war effort
gteadily increases, Tha 8teadyus£sto ﬁalue for productivity
ia approximately 0,2 x 105 asrea whlon is onc-half the
steady-gtate value obaserved in Pig. 3. However, the
capital in the country has insreaged due to the finanoial
ald given by the United States. There 1a morve money per
capita relative to less production. Therefore, a higher
standard of living acorues as result of the war if such
‘avallable monies are distributed smcng the oitizens,

Pige 3 showa the tranzition to & new ateady-
| state with a conatant lavel of war effort. Herbicide
applications reach steady state levels rapldly due to the
constant Ameriocen wayr effort. Notg that the responae
time for herhbicide is about 1.2 yearé wharsas the tran-
sition period for productivity 13 about three years. This
lag denotes the length of ¢time in whioch ths herbloelda |
damage reaches atsady-state with regrowth,
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Produstivity Medel Tuwo

As shown in the source grophs in section B., the
application of herbloide in Vietnae feollowed & five year
pulese, Such a pulse was sizulated oh a 8lightly modified
model shown in Pig. 6. The graphs. ghown in Flgures
8 through 1l. predict the steady-state levels of the
various interacting compsnents in productivity model two,

Fig, 8 showa tha natﬁfal gtecdy-atate levels of
praductiviti when therae is:no herbieidg applioailon. The
valueg are the same as those in Fig, 3. “

Flgures 9., 10 end 10A. show the sffect of
the five year herbioidé pulza upon Vlétnnu'a financial
status and produstivity over Aiffaront tiae.pﬁrlods.
Plgures 10. and  10A., slse éhaw fhe resulting gquantities
of disordered land within the syséen. Eventually, disordar
wilil grndﬁally roturn to zero.buﬁ the sturga of disorder

and the reeulting neu order-digordey balanoe”nay return
‘ the productivity to its forasr stesﬁy-atgte leyel as the
herbiolde pulsa fades. Note that the effects of herbiclde
application upon the basio produett1ity dilsappear within
two years in this rodol, Coaparé thia two year lag with
the 1.8 year lag‘obaerved in preductivity podel one. The
recovery time 1s:re1at1vely fast constdering the émbunt

of land momentarily rendered unproduotive,



A Minimodel of Disorder-Order Symbiosis Upon
Structure As Stressed By A Viet Nem-~-Type Waor

..._...-.—- Energy flows, kedl/yr
.--.'f’*_ Money flows, kcal/yr
($1.00 = (0% kcal)

" € Swollows ond K. T.Odum

26T
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COUNTER/TIMER

Figure 7. Analog Model.
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In Plg. 11. the horbieide pulsy width had been
increaswd from filve Lo ton years to determine the offects
upon productivity, flnanolalvstatus. and disorder. The
effect upon dlsorder 18 the only neticeable d4issimilarity
hetwaen Piguras iO and 11. Intuitively, disorder
_behaves as expected sinoce 1t 1e oreated by stress and
thua the longer the stress the greater the disorder,

The recovery time time for proﬁuotlv!by rouains the sams

although the pericd in whick it iz stresced had beon
doubled, ' :
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Difterentis) Equations

W = Pulse Input

H o= g% - Kot + KgV

Ve xion + N =~ KV - Ksﬂ - K13?
Dw Kg# = KguD '

Scalipz

The scaling in model two i esmontially the same
goaling which was done in rodol one oxeept for the

ocosffioienty K3 and KB' K5 reﬁalnaq~the soMe.

Ky¥ « 5 x 102 Komd
Ky S5 %gtz = 0.005
10

tor the pot satilug

15,
X {0,008)(30:°)
3 13 = 0,95 = 0,050(10)

Ka¥ = 10* Koal Kg = 22530 =2.7x10
| 10%?

11

| for tha pot setrings
Kge _{2.2.x.307 001015
105

= 0,27 = 0,027(10)
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Conclusiona:

Thege simplified simulation models guggest that herbl-
olde applloation grea*ly deorsases the productivity in Viete
nam but for a relatively short period of timoa. The reaalting
disordered landa intersot with the natural ensrgles and the
subsidizing energies to form a rolatively fast recovery time
of two yuﬁrs. The rocovery time ts related to the natural
turnover rate of once psr year, The swmount of agrisultursl

and forest land rendered unproductive in the mcdel during
the perlod of herdbictde application and the following ree
covery time reducsd the pwnéuctiviby by 8.25% during the
flve years of herblolds appilcation nnd the two years of
Ie60very.,

However, the financial agsisiance given by the United
States generally inoreased in the same yoars ns was the
herbiolde applied to egriculturnl and foreat lsnde, The
financial ald subsidized the export inoohe, Thia would
imply more capital per capiie although the productivity of
the country 1a low, Finsnclally, the confliet in Vietnam
stimulated the economy during thase years and the cnergies
purchesed aay have added to energy subsgidies avatllable to
rural produotivity as thile model providea,

Observations in Vietnam indloate scume validity of the
models. The recovery time of two years cbserved in pro-

duotivity model ¢two 18 subatantiated forests which were



VU

bombed several years ago that have grown so dense that
the bomb eraters cavwnot be seen from the alr, Also,
agricultural lands whish heve been sprayed with herbicide
or bombed several years agc are new producinz orops.

The tnereased influx of imports during this pericd of
herblcide application subﬂtantinées the stimulation of
the economy of the country, For example, a very populsar

Import product was motorcyclas,
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9. Effect of Aerial Application of Herbicides
On a Mangrove Community in Southwest Florida

- Hauri(’.a G. Sell, Jl’.‘

Introduction

As 2sequel to the large scale rpraying of herbicide fa 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 mangrove community
in southwest Florida. He was aselsted in the actual spraying by Jerry Kelly,
one of his graduvwate students. Three gites were sprayed with Agent White
on December 15, 1973, and three additionsl sites were eprayed on January
19, 1973. A study team from the University of Florida consisting of
T. Ahlstrom, J. Browder, and M. Sell elso participated in this prograa by
obtaining measurements of parametere such as tree dismeter, identification
of tre¢ specfes and whether they are alive or dead, fallen green and yellow
leaves, number of live and dead seedlings. snd mumber of snalls.

By virvue of this spraying experiment a chronological account might
then be made of the events that oceur following spraying. How long does it
take for the leaves to actuslly £all? What levels of herbicide are needed
before defoliation is 100%? What epecies show the ability to rebound afeer
spraying? What changes occur in those mangroves not completely killed but
obviously stressed? By what means do the mangroves recolonize a sprayed area?
Once the leaves have fallen due to spraying, how long does it take a tree to
die 1f indeed it ever does? EHopefully; these and other questions will be
answered by this experiment,

Methods

Some parameters studied at the Marco Ialand, Florida site included
nunber of fallen green leaves, number of fallen yvellow leaves, number of
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crabholes, number of coffee shell sualls, Helampus coffeus, number of red
mangrove and black mangrove seedlings that were alive and alsoc number that
were dead. Tha above parameters were counted in five plots that each
mrasured 20 metexs by 40 meters or 800 mz in area. The five plots included
a plot in which all the trees were harvested, a control plot and three plots
that had been sprayed with Torden 1013. Pig. 1 43 a map of the sprayed
sites in southwest Florida. Thiz i3 a herbicide quite simflar to one of
those used in South Vietnam. Herbicide dosages for the spray pluts were

1 1/2 gallons per acre (eatimated), 3 gallons per acrce (estimated), and 2.2
gallons per acre {(measured). In esch plot counts of the paramecers were made
in each of 10 ereas. These areas were 0.4 mz at the 5=-week interval and
0.77 nz at the 20-week and 33-weak Intervale. Spraying of these plots was
done on December 15, 1972 with a helicopter. Sampling dates were in
January, May, and Mgust, 1973, reprenentiog pericda of 5, 20, and 33 weeks
after the initlal spraying. Sample areas in each plot were chosen at random
to obtain representative counts for cach parometer in a plot. Sample areas
were diffarent at each sample period so the data did have soms scatter.

Growing tips of young red mangrove trees were also studfed in each of the
asprayed plots. Trees were anywhere from fwo to six feet in height, and the
smaller ones were also required to have branches. These trees were then
obaerved closaly to determina 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 appear to have any live
growing tipa. In many instances the 3row1ns tip may have been killed
initinlly and new growth was emerging banéath the old tip ora side shoot.

This was considered a live growing tip.

The three sprayed plote mentioned earlier were studied in this manner at
intervals of 20 and 31 weeks after spraying. Threa other plots were aprayed
five weelts after the inltial spraeying at dosages of 4.25 gallons per acre
{measured), 6 gallona per acra (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 aites aprayed December 15, 1972, (10 meters x 20 meters)
an area equal to 25% of the area of each site was mapped and the dlameter of
each tree was measured. Live and desd trees were also discerned. This wapping
and measuring was also done for one of the control sites but for a larger
area (20 maters x 20 meters). Mapping was done with an allodade and a stadii
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Legend to Figure 1

Control area

Control arca

Spray plot 1 (1% gallons per acre estimated)
Spray plot 2 (3 gallona per acre estimated)
Spray plot 3 ( 2.2 pallona per acre measured)
Spray plot 4 (4.25 pgollons per ncre measured)
Spray plot 5 (6 gallons per acro estimated)
Spray plot 6 (2.4 gallons per scre measured)
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rod {used to pet distance and direction).

Results

Density of Green Leaves

The number of green leaves waa not deternined sn the clear cut plot at
five weeks after cutting and no green leaves were observed at 20 and 33 weeks,
The coatrel plot had G.5, 0.6, and 0 green leaves per uz at 5, 20 and 33
. weeks. The plot sprayed with an eatinmated dosage of 1 1/2 gallons per acre
had 31.4, 0.1 and 0.1 green leaves per mz 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
green leaves per nz at 5, 20 and 33 weeke. Yhe plot sprayed with an actual
dosage of 2.2 galioms per acre had 75.8 green leaves per nz at 5 weeks and
no green leaves were observed at 20 and 33 weeks.

Density of Yellow Leaves

The number of yellow leaves per 32 wis not determined in the clearcut

plot at 5 weeks after cutting. The clearcut plot had 0.4 and O yellow leaves
per m° after 20 and 33 weeks. The control plot had 20.2, 1.2 and 2.7 yellow
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leaves per n? at 5, 20 and 33 weeks., The plot sprayed with an estimateq dosage

of 1 1/2 galisns per acre had 104, 0.3 and 1.8 yellow leaves per nz at 5, 20
and 33 wecks. The plot sprayed with an catimated dosage of 3 gallons per acre
had 141, 0.5, and 0.1 yellow leaves per m2 at 5, 20 and 33 weeks. The plot
asprayed with en actual dosege of 2.2 gallons per acre had 304, 0.4 and 1,0
yellow leaves per mz at 5; 20 and 33 veeks. The resulte for both green ieaves

and yellow leaves are given in Table 1.

Density of Crabholes

The number of crabholes par mz vas not obtained at the sampling period
5 weeka after spraying for any of the plots. The ¢lear cut plot had 14.9
crabholes per mz at 200 and 33 weeks. The control plot had 14,2 ang 15.5
crabholes per nz at 20 and 33 weoka, reapectively. The plot sprayed with an
estimated dosaga of 1 1/2 gallons per acre had 6.8 and 13.1 crabholes per uz
at 20 and 33 weeka. The plot sprayed with an estimated dosage of 3 gallone
par acre had 13.2 and 10.7 crabholes per m> at 20 and 33 weeks. The plot

gprayed with an actual dossge of 2.2 gallons per acre had 12.5 and 14.0
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TABLE 1
Dénsd%y*of zreen leaves ani yellow leaves '
per m¢ followlng aerlal appiication of Iordon 1018
. Number of grgen Number of yellow
. - leaves per n leaves pep m-
Weeks after
sbrzying. S5 20 33 -5 2 1
Clearcut plot . = 0 0 S 1 0
Control plot ¢ 0.5 0.6 0 20,2 1.2 2.7

Spray plota
1} zallons per

acre{estimated) 31. 0.1 0.1 1046 9.3 1.8
3 gallons per . :
acre{estimated) 2.0 0.8 0.1 WL 0.5 0.1

2.2 gallons per :
acre (measured) 75.8 " © 0 304 0.4 2,0

* Densitieg in each blob are basedl on an average °£ 13 sampling ~:-easg
of J.% m” each at 5 weeks and of areas of 0.77 m“ each at 20 ¢r1 33
waeeks, p .
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crabholes per nz at 20 and 33 weeks. These resuylts are given in Table 2.

Denaity of smails

The nuxber of live ¢nails were not counted at the 5-week interval
in the clear cut plot but at 20 and 33 wesks the clear cut had 5.1 and 13.8
itve snaile per mz, respectively. The control plot had 38.1, 66.0, and
33.4 snaila per ‘2 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
par uz at 5, 20 and 33 weeks, respectively., The plot sprayed with an
estimated dosage of 3 gallons per acre had 45.5, 56.6 and 3.2 gnails per mz
at 3, 20, and 33 weeka. The plot sprayed with an actual dosage of 2.2
gallons per acre had 77.7, 15.7 and 15.5 snails per mz at 5, 20, and 33 weeks.

Denaity of live Seedlings

The clear cut plot had 0.6 and 0.8 red mangrove secedlings per uz at 20

and 33 weeka. The number of black mangrove seadlings was 3.3 and 2.3 wl

at 20 and 33 weeks, respactively, The control plot had no red mengrove
seedlings at 5 sand 20 weeks bet had 0.2 per mz et 33 wecks, The mmber of
black mangrove aeedlings 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

pax hcré had 2.0, 0.2 and 0.3 red asngrove ssedlinge and 3.7, 2.1 and 2.2 black
mangrove seedlings at 5, 20 and 33 wecke, respectively. The plot sprayed
with an estimated dossge of 3 gallons per acre had 2.0, 0.4, and 1.7 red
mangrove seedlings per mz aﬁd 7.3, 4.9 and 2.9 black mangrove secedlings per uz
at 5, 20 and 33 weeks, respectively. The plot aprayed with an actual dosage
of 2.2 pallons per acre had 2.8, 2.5 and 0.5 red mangrove seedlings per nz

and 4.4, 1.8 and 3.2 black mangrove gaedlings per u2 at 5, 20 and 33 weeks.

Bensity of Dead Seadlings

No dead gseedlings were cobserved at any time in the clear cut plot and
aleo the control plot. The plot sprayed with an estimated 1 1/2 gallons per
acre had 0.6, 0, and 0.4 red mangrove seedlings per nz and 2.0, 0.5, and
0.5 black mangrove seedlings per mz at 5, 20 and 33 weeks. The plot eprayed
with an estimated 3 gallona per acre had 0.3, 1.1, and 0.5 rod mangrove
seedlings per '2 at 5, 20 and 33 weeks. The plot aprayed with an actual

dosage of 2.2 gallons per acre had 0, 1.8, and 0.3 red mangrove seadlings
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Tasnls 2

Densgty' OF epratholes ani of the coffee shell
snail Malaxpus g¢offeus following csrial

e S &

aprlication of Tordion 131" >
*Number of grabholes Numbher of Enalls
‘ ' R o hais ver m
Waeks after
spraying ~3 20 13 5 22 22
' [N
Clearcut olot e LI A LT ~—= 5.1 13.8
Control plot ~ea 14,2 15,5 38,1 66.0 238.4

Svray plots
1% gallons per :
acre{estimated) e 6,8 13.1 _ 75,7 68.2 54.8

3 zallens per : . .
ac%g(estimatei) , === 13.2 10,7 45.5 6.6 3.2

2.2 zallons per ' ' ' :
- acre{measurel) wew 12,5 14,0 77.7 15.7 15.5%

¥ Densitles in egch plot are based on &2 average of 10-sgmp11ng
areas of 0.4 m“ each at § waeks and of areas of 0.77 m* each

at 20 ani 33 waeks,



TAEBLE 3

Live and1 4ead seeiling 4ensities® following
aerial application of Tordon 101

3n1znxnd%ifﬁEgﬁfﬁf‘%ﬁ?ﬁiﬁﬁéﬁﬁ,nxsxia_ Jﬂnjmum&:ﬁ_mgnsig f;iﬁff%fg altida
Heek.s after epraying - . ..
gpreying - S 2 2 S 2 33 5

20 33 2 2 23

Clearcut plot  =-= 0.6 0.8  -=- 3.3 2.3 — 5 0 .. D 0
Comtrol plot ~ ~ O 6 0.2 0.8 0.6 0.3 0 0 0 o o 0
Spray bléts .

11 zalions per : .

acrelostimated) 2.0 0.2 0.5 3.7 2.1 2.2 0.6 0 0.5 2,0 0.5 0.5

3 zallons per - : : L -

acre(astimated) 2.0 0.4 1.7 7.3 4,9 2.3 9.3 1.1 9.5 2,8 1,7 D.58

2.2 za2llons per ‘ ’

acre{maasured) 2.8 2.5 6.5 bk 1.8 3.2 TG 1.3 0.3 b7 o 0

% Densities in each plot are based on an,average of 10 sampling aress of J.4 mé
each at 5 weeks ani of areas of 0.77 =~ each at 20 ani 33 weeks.

Numbers are based on & sguare meter

TLY
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2

per " and 4.7, 0, and 0 black mangrove scedlings per mz

at 5, 20 and 33 weeks,

Study of Red Mangrove Growing Tips

The plot sprayed with an estimated dosage of 1 1/2 gallons per acre had

50 young red mangrove trees with at leaat one live growing tip out of B4 trees
that were counted. The rest of the B4 trees had no live growing tips. ihe
count was made at 33 weeks. The plot sprayed with an estimated 3 zallons per
acre 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 wich an actual deosage of 2.2 gallons per acre had
43 trees with at least one live growing tip put of 107 ~ounted at 20 wecks and
92 out of 158 counted had live growing tipa at 33 weekg. The plot sprayed with
<n actual dosage of 4.25 gaillons per acre had 144 trees with at least one live
growing tip cul of 236 trees that were counted at 15 weeks and 134 out of 177
had live growing tips at 28 weeka. 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 gallone
per acre had 353 trees with at least one live growing tip out of 224 trees
counted at 15 weeks. No counta were made for these last two plots at 28 weeks.

" Figs. 2 to 5 are maps of aach of the fivet spray sites and a control
site ghowing the wapped areas and the identification of the tree species along
with the diameter of each tree. Tha dats on the maps are summarized in Table
5.

Discussion

Table 1 shows that the eflfect of the herbicide application da to cause
early abscission of leaves while they are etill green. The higheat number
of green and yellow leaves lying on a square meter of foreat floor occurred in
tha plot sprayed with an actual dosage that averaged 2.2 galions per acre over
the canopy. One reason for this way be that the actual dosages received by the
other two plots may have been much less than the levels desived. Another
passibility 1s char the other two plots have a greater number of black mangroves
than red mangroves. The plot with an estimated dossge of 1 1/2 gallons per
acre was 76X black mangrove (Pig. 3) and the plot with an estimated dosage
o1 3 gallons per acrve was 60X black mangrove (Fig. 4), The plot with 2.2
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TABLA U

Bffect of aerial application of Tordicn 101“
on the growing tips of dhizophora seoilinzs

*
Number of seeilings Number of seeilings datlo of
with at least one with no live'growing live to
i a

Weaks after . —
spraying i 20 28 13 15 20 28 a3 13 20 28 33

Spray pmlots
1% pallons per

acrolestimated) + «ea 50 - 3k -—— 1,47
3 gallons per .

acre{eostimated) b5 56 < 6% 18 0.70 3.1l
2.2 zallons per ' .

acrelneasurel) 43 92 64 . 66 0.67 1.39

4,25 ysllons ?er . ' '
acro(mneagurel) 14b 134 . 92 43 1.56 3.12
6 gallons per T ‘
acrao{eatimated) 59 - 136 - © 043 -

2.4 gallons per .
acre{measured}) 53 - 171 -——- . 0.31 ana
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Legend to Figures 2,3,4,5

Iive Rhizophora wanple
Dead " "

_Live Avicennia nitida

Desd wo "
Live Laguncularia racemosa
De ad L "
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Map of spray plot No. 1, showing tree locations and diameters.

Figure 2.
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Composition of Mangrove Forest at Herbicide Experiment Site

on Marco Island Prior to Spraying
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Control Plot Spray Plots
Measurement 1 1 2 3
Kumber Rhizophora mangle

Live (diameter < 1") 0 13 41 45

Dead 19 9 13 9
Number Avicennia oitida

Live (dlameter 1) 150 41 63 14

Dead 50 1 (%] 3
Number Laguncularia racemosa

Live (diameter < L™ 1] ¢ 1 5

Daad 0 0 3 &
Percent desd to total standing 3.7 42.5 64 20

trees
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gallons per acre was oaly 22% black mangrove (Fig. 5). 1In thia study the
first trees to be completely defoliated were the white mangroves
(Laguncularis racemosa). Red mangroves were algo very susceptible to
herbicide but loss of leaves took longer. The least susceptible were the
black mangroves which helps to explain the lower leaf counts of the plots
with the estimated dosages,

By the time 20 weeks had elepsed the number of fallen green and yrllow
leaves on the ground had decressed to levels equal to or slightly lower than
the control plot levels. The 2.2 gallons per acre plot was defollated to such
an axtont that no green leaves wera obeerved on the ground at 20 or 33 weeks
after spraying. The low values for all of the plots at 20 weeks iIndicate
that defoliation had progressed as far as it was gning to by that time,

" One of the fauna occurring in significant numbers in every plot was the
coffoe~ghell snail, Melompus coffens. Thia snlwal occurs on the forest floot,
on the prop roots, the preunatophores and the mangrove trees and is a grazer
of detritus and algae in the mengrove community. Although a count was not
made before clear cutting, the counts made after the fact were veary low
compared to the control plot. This indicaves that the spail has left the clear
cut area for soae reaaon. The same phenomenon was observed in the plots
sprayed with an actual doasge of 2,2 gallong per acre and an edatimated dosage of
3 gallons per acre. The plot sprayed with an eatimated 1 1/2 gellons per
acre has aleo shown a decline in the number of snails with time after
spraying but not as noticeable as tihe other two plots. The resson for this
decline in enafl numbers may be due to the presence of increasing amounts of
solar radiation reaching the foreast floor. This would have the effect of
heating the water and the soil to temperstures that are too high for thas snail
to tolerate. The question that ariges here is vhether the snails leave or do

they die.

Another animal) that ia comamonliy found in mangroves 1g the fiddler crab which
is vepregented by many specics in the genus Uca. Fiddlex crabs dig burrows and
80 to obtain a rough estimate of the nuwsbers of fiddler crabs the number of

. crabholes per m? was counted in each plot, Table 2 shows that there ia very
little difference in the number of rrabholes as the time after spraying increases.
The validity of vaing this technique as an indicator of crabs present is
questionable. Obviously, tha predence of a hola 18 not a positive indicator
that the crab is still there. However, based on the avallable data it does
not appear that elimination of the canopy significantly effects the fiddler
cxab population in the aprayed and clear cut plots,
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Table 3 shows that the overall effect of spraying was to decrease the
number of live seedlings as the time after spreying increased. Another cause
of seedling death was probably from the many investigators walking in Che
plots. Although the mum%er cof live red and black mengrove seedlings decreased,
the number of dead red and black mangrove seedlings did not correspondingly
increase very much. The discrepancy here may be due to the sampling
technique. Different areas were sampled at each sampling peried after spraying
and there may be some unintentional bias entering in hers. Dead red mangrove
seedlings do appear to Increase in two of the three sprayed plote and remain
reasgonably constant in the other plot.

Because no definite conclusion can be made as to why lfve seedlings are
decreasing and dead black mangrove seedlings are not correspondingly increasing
but are instezd decreasing, another weans 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 those with no growing tips. In every spray plot where two time
perlods have been observed this ratio has incrccased. The significance of this
ig that those seediings with no growing tips are beginning to recover from the
spraying. The dosage In the understory where these szedlings are found wae
found to be shout 0.5 galloas per acre vhen neasured. The effect of the
herbicide in many instances was to kill tlha growing tips but not to defoliate
the older leaves. Apparently this has erabled the young mengrove trees to
recover. An cffect of the herblcide is noticeable by the occurrence of the
new growth coming out a side shoot rather than its normal position which waa
killed by the herbicide.



281
10. Section in Part A Based on Fla-NAS Contract

The following 1s the sectfon prepared for Part A of the report to Congress and
Committee approved July, 12, 1973, It summarizes some findings of the contract.

VITII. EFFECTS OF HERBICIDES ON ECOSYSTEMS

The NAS Committee was asked to: “Investigate the ecological and physio-
logical effects of the defoliation and crop desteuction programs in SVN."

Results and conclusions of greatet or leaser degree of confidence, dependent on a
variety of factors, flow from such a study. One caution in interpreting such

a study 18 to avoid the common tendency to assume that all changes are effects
only of the impact of the agente (herbicides) being studied. Such an interpreta-
tion would be Inappropriate in this case since it it known that many changes

were takiing place independent of herbicide sprays in the perioed since 1962,

Another common error s failing to conaslder secondary interactions, f{eedback
actions and time delays. To vecogulze and evaluate such complexitica while
vigualizing the relationships of wman and nature in overview, systems diagrams
are helpful. For example, a simplified overview of Vietnam's energy basis is
drawmn in Figure 1., This diagram shows the acti-n of *.ar and herbicide accelerat-
ing recyclic reuse of disordered lands, building materials from damaged towns,
displaced populagiong, asd nutrient chemical elements. These are all parts
out of which new order is generated when they are fed back to stimulate ve-~
growth, interacting with energy sources available for reconatruction. Quan-
titative evaluyation of the rates gives perspectives on what 18 important, and
computer calculations are used to show cumulitive effecta.

The defoliation and crop destructica programs in SVN had undeniable
ecological, phystological, social and economic impacts. Similar efrects from
different causes are present in many areas of the world including Vietnam.

In Vietnam, as a result of the war, there wera maspive social and economic

changes associated with the transformation of the economy and wovement of
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peoples; there were vast areas exposed to destructive forces of hombing and
shelling. The impacts of defoliation and crop destruction must be considered
and interpreted within thias context.  The relative magnitudes of component
sources of impacts muet be consldered in order to maintain an overall perspec-
tive.

Large scale systems of man and nature such #3 Iinland forest, mangrove
forest, agricultural countryaide, and urban areas underge continuous processes
of congtruction, self maintenance, and reconstruction that tend to increase
or replace the amount of organized structure in the forrm of, for example, human
seltlement, trees, soil, or wildlife. At the same time therz are natural
tendencles for structures to deteriorate with time. Yhere are also special
disruptive processes such as earthquakes, hurricanes, and war, including,for
exanple, the defoliation and crep destruction programs.

Viewing Vietnam's proccosses ag 2 whole assists in gaining insight into the
relative magnitude of any one disruptive process. One way of doing this 1s
to combine understandiug of relatlonships in simplified systems diagrams like
that in Fig. 1. Siwplified summarizations are sometimen called models. Dila-
gramming and quantitative evaluating of the pathways of causatfve action are also
a means of recognizing and prerentiry mathematical relationships, which can then
be combined 1n computer calculations to mske predictions as to the effect of
assunptions used in simplifying the diagrams and the data used in writing the
mathematical equations. Along with human Intuition and judgment the "systems
modelling methods” have been demonstrated as a useful tool for cbjective fore-
casting of the relations of parts of the environment to show consaquencesg in
time of their interactions. In our study several models and computer simulations
were made including the conditiona of temperature affecting mangroves in bare
mud microhabicat (See Part B), the flows of nitrogen and phosphorue affecting

the reforestation in the Rung Sat estuary (Fig. 2), the effect of seedling
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supply and wood cutting 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 rhe mangrove forest because the mag-
nitude of disruption by the defolistion program was obviously greater than
for other vegetative types, and because the most affected mangrove area (rhe
Rung Sat) was avallable for field study to obtain basic information used in
the ayatems wodel.

Before herbicide spraying (1938) about 51 percent of the Rung Sat was
mangrove forest. The reat was water (22X), bave soll, brush, and agriculture,
The fish and shrimp food chains in tha waters wake geceiving oxganic
matter from three sourcas: (1) three inflowing rivers, (2) the mungroves, and
(3) photoaynthesis of phytoplankton. The vigorous eight foot tide was ex-
changing the estuarine watera with the South China Sea every few days. Oxygen
levels in the water were apparently between 5 and 6 ppm, which is slightly
helow saturation as expectad where there 15 wuch conswmption of organic matter
inflowing from rivers and swemp. Acidity was 1? the range of pH 6~7 in low
salinity zores, grading to the usual 8.2 in the open sea. There was a fishery
using non-mechanized means by people in the mangrove areae. Waters were slight-
1y turbid as characteristic of a river delta region.

Data available before spraying were used.to make some inferences omn Che
estuary and some inferencen were made by a comparison of the waters in defoliated
and non~defollated sections of the Rung Sat.

After spraying, and ne exsamined in 1972, defolfation and other changes due
to war such as incrveaged river traffic, dredging, and more use of motorized
fishing vessels had affected the aquatic ecosystem in several ways. Increased

turbidity of water due to organic detritus from decowposing mapgrove and greater
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siltation contributed to decrqued phytoplankton and zooplankton, thereby lﬁuer-
ing oxygen levels to between 3 and 4 ppm. There was no significant change in
pH during this'period.' The total fish catch per unilt effort of fishing vessel
declined confirming information from interviews thet stocks were

down, Since motorized fishing has been introduced we do not know what part of
the declinre in fish catceh per unit effort was due to overfishing, to loss of
mangrove habitat, increased water turbidity, or other factors.

Because some of the foods for aquatic life in the estuary are being sus-
tained by decomposition of the residual sprayed mangroves a continuing decline
in this fractlon of the estuary’s nutritional status 18 anticipated. If there
is a delay in recolonization of the mangrove area, there may be a delay in
restoring the mangrove component to the fishery food chaina. However, the
frsctiﬁn of detritus that comes from the river is not expected to change much,
and phytoplankton contributions may increase sgain as rurbldity decreases.

One major Inpediment to recovery of sprayed mangrove forests is the avail-
ability of young trees., Some wangroves, e.g. Rhizophora reproduce by means of
large seedlings which do not dvop from t » parent tree until they are § inches
long or more, others by nut-liké fruits, e.g. Avicennia. In all types of maa~
grove the seedlings or nuts float and are dispersed by tidal water. 1n Rhizophora
because the seedlinge are large, relatively few can be produced by a tree in a
year. In managed Rhizophora unngrove-forest recomuended practice for artificial
regeneration is to atart two seedlings per equare meter. See Table ]. In the
Rung Sat, few trees remain thst are capuble of supplying the quentity of ssedlings
or fruits required for early regrowth. Cutting for firewood 12 now concentrated
in the small area of Temaining mangrove so trees are kept scrubby with few large
geed-yielding treee left. Only treea on the edges of water courses release a
sisnifiéant nutsber of fruits or seedlings into water for distribution to bare
areas. There is also a large mortality of fruits and seedlings hetween the

time of release aud eptablishment of a sapling tree.
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Table I

Seedlings Rumbers for Reforestation of Rhizophora

Data on Seedlings  Seedlings per Acre
Recommanded planting for reforestation® 8,000
Now aprouting in central Rung Sat by 1972b 65

Number produced on an acre of lavger, wall-
vourished trees® 28,000

Nuamber surviving within a scrubby, cut=-over
foreast in Vietnanmd 14,400

Number reaching open water from seed source
areas® 450

Numbar colonizing bate areas by
caleulationf 12

Computer Simulations (See Fig. 3)E

Number of seedlings starts from outside
that aust survive each year to achieve full
canopy in 50 years 15

Numbar of acedlings starts from outeide
that must survive each year L. achieve
full canopy in 15 years 75
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Footuotes to Table 1

Moquillon (1944), Noakes ¢1955).

Counts of seedling in 50 ground photographe taken in 1972,

Counts from Puerto Rico, Florida and Vietnanm,

Counts at Vung Tau, March 1972,

Seedlings produced on the edge of tidal canals where ratio of canal
margin to swamp area is abovt 2 m!lOOlnz and 83 seedlinga overhanging
per meter of canal per year; seadling arca 100 xmz (Rookery Bay, Plorida).
One-quarter reaching bare avess aud 10 pevcent of these surviving.
Asgunes seedlings are introduced from outeide each year, and that the
stated onumber of seedlings survives at least to the end of the firat
year, therefore to be subject to normal wortality. Regeneration will be

to an extent daterwined by land uees.
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b

In the central Rung Sat, the number of seadlings becoming established i

only a tiny fraction of that required for rapid reforestatfon. Table 1 has

some pertinent numbers on seedling scurces and neede. A model of relactionships
of some main factors is given in Fig, 3a. Computer calculation of the seed
production and discribution, seedling mortality, tree harvest aud other

factors shows thgt if seedlings are not ~upplied and L{f wood cutting of seed
bearing trees continues the recovery time may be us long as 120 yeargs, See
Fig. 3b.

100 yeafs could be saved by aerial Droadcast qf 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
S§at. These calculationc are based on aerial planting studies that suggest 10

percent survival of seedlings. If survival ia lees, more seedlings are required.

If planced by ground labor, fewer seedlings would be required.
There was greater seedling survival in shaded spots than in areas exposed to
full sunlight and drying, vhere wmed temperatnres reach 104° 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 availahility
of plant mrtrients, espacislly phosphorus and nitrogen. Defoliation was often
followed by wiodeutters who completely removedlthe woody parts of the mangrove
trees, &0 that nutriente in the wood were removed from the system. Soil studies
indtcate this 1s a small fraciion of available nitrogen, but for phosphorus it
can be a lerger fraction. However, the amount of phosphorus gtored 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. Z as compared with that in
" mud and flowing in from the river each year. The measurement wade in our sampling
in sprayed areas showed adequate phesphorus held in soils. o Thda,

nutrients do not appear to be nearly so limiting as is seedling availability.

An Overall Euergy Evaluation of Herbicide Impact

.Viewing Viaetnam's processes as a whole assiste one in gaining insight into
the relative magnitude of the main disruptive processes which are included as
pathways of material and energy flow in Fig. 1; One way of doing this 1s to
tabulate all of the main energy flows, constructive and desfructive. those of
nature ach as the sun, und those of the c¢ities such as fossil fuels. Energy
of lf: qualify sﬁch a8 euwnlight le expressed in equivalents of chemical potentisal
t;;rgy after the sunlight %o transformed by photosynthesis. Expresaion of high
quality energy euch as work of human labor and urban technological economy is
expressed in eQuivalonts of fooail fuel required to generate this work. :
The energy cost accounting method was used to estimate.overall impact of
nilitary use of herbicides in South Vietnam. Energy effects produced by herbicides
directly and Indirectly were campared with the total energy budsat of. all SVH.
The best data available to us for calculation of an energy budset are given in
Tables 2 and 3. These data were uged to consttuct a diagram of energy flow
(Fig. 1) which shows tge direct and 1nairect etfccta as they were used in cal—
culationa. ) o .
Figure 1 showa that the main infloun’todfﬂ; country are purchased fuels,
military import of fuels, energy im rivers anq tides, gross photosynthetic
production in agriculture as stimulated by huyan.activities us;ng purchsaed
inputs, and the very large photosynthetic production in natural vegetation,

including upland forests, mangroves, and the coastal waters.
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Effect of Herbicide

1012 M11lion
Kilocalories Dollara Interrupted .
Iten Per Year Per Year EnerEy Per Year Percent
Equivalent? 10l kcal/yr Change
Human Settlewent (fuels)® 101 7,230 2 -2
Agriculture® 128 9,140 2.5 -2
Inland Foreat® 1460 104,200
Area Sprayed Once (]..22)‘:l 5.8 ~0.4
Area Sprayed 2 Times
or Mcre (0.7%)¢ 5.8 -0,2
Mangtoven 61 4,360 4.9 -8
Estuarine Ecosystem Production® 29 2,072 1.8 6,6
Energy in Riversh 644 46,000 0 0
Tidal Energy!' 152 10,860 0 0
Chemical Energy in Rurot£3 119 ' 8,510 0 0
Thermal Heatingk 1680 120,800 0 0
Wind Abeorption’ 52 3,720 0 0
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Footnotes for Table 2

14,000 kilocalories of éhemical potential energy woe eatimated to be
processed as work per dollar circulated.

Total apray acreages for five years of spraying were divided by 3 to
obtain annual values of herbicide disruption,

Sum of purchased and military fuel imports. Purchased fuel imports were
estimated as 103 metric tons and converted to calorica of work by multi-
plying by 106 grams per ton and 10 kcal per gram. Military fuel imports
were eotimated as 108 barrele per year and multiplied hy 106 kcal per
barrel. Fuel uge was estimated ae dfsrupted 1.9% in proportion to 1,92

of the land area sprayed affecting human activities for the year.

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/nzlday of
estimated gross photosynthesic and by 100 days estimated as the time crops
Iuere in leaf each y2ar. Iwo percent was estimated of thie area

disrupeed per year during spray feara. _

-Chemicnl potential energy entering the sysﬁen each year as grogs photosyn-
thesis of 1n1and.forest lande was estimated by multiplylng area of
vegetated lands (2,5 x 107) arcas by 4 x 103 uzlacre to convert to square
mneters and estimated averages, and then by hot saynthetic rate including
dry season (40 kcalfmzfday) and then by 365 days of prean cover to obtain
1460 x 1012 kilocalories per year.

Herbicide diasruption per year on aingle spraycd sreas was estimated es
defoliation of half of the leaves for half of thu year on the 1.4% of forested

land sprayed once per year.
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Disrvuption on area sprayed twice or more was estimated as fifty percent
of .7% of the forested area eprayed more tﬁan once per year.

Chemical potential energy contributed each year by mangrove photosynthsis
wag estimated as the number of acres (0.7 x 106) multiplied ¢o convert to
aquare wetera (4 x_103 mzlacre). multiplied by photosynthetic rate

(60 keal/w?/day) and multiplied by 365 days per yeer to obtain 61 x 1012
kcal/year.

Herbicide interruption was estiwated to be half of the area of mangroves.

Chenical potential energy from estuarine photcaynthesis was estirated as the
product of the area (106 acres), converted to square meters (4 x 103 mzlacre),
the estimated photoaynthetic rate (20 kcalfmzfdsy veing values from Galveston

Bay which has sintlar turbidity) and the number of days per year (265).

Interrupfion dua to herbicide was eatiﬁated as that part of the estuary
within the herbicided area (about 33%).
Energy in rivers wac estimated es the potential energy against gravity in
ﬁhc annual tainfa;l (2m x 1.72 x 1011 square w in RVN) which is the
volume times average height of RVK (800 m) times deﬁsity of freshwater
ao’ kg/m3) times the acceleration_$£ stavitylt§.8 mfaeézi and mulciplied
jb§'2.39'x 104 to couvurt.froi jbules to kilocalories. :
Tidal energy was eatimated ap the potential energy of c#astal water elevated
and then sbaorbed Iin frictiomal work. Energy was estimatéd a8 product of
‘uatér volube [estimated area of 1.45 x 1010 52 times the height of the tidal
faﬁge-esch day (6m fncluding two tides per day)], the number of days per
year (365), the average height of lifeving water against.grsvify (2a), the
deneity of water (1.02 x 103 kg!m3). the acceleration of gravity (9.8 m/secz)
and conversion from joules to kilocalories 2.9 x 10").

The chemical potential energy in 1/3 of rain reaching sea in rivers reacting
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with salte was estimated using expression for emergy in cne mole of water
AF = AF, +RT (2/c,)

multiplied by the molin of water flowing per year (water weight divided

by the molecular weight, 18), Water was estimated as 2m times area

(1.72 x 1011 m2) times 1/3. Change in water concentration in foining

the sea i@ that of a chemical from fresh to sea water Cy = .965 and

Ct =1, R 1s gas constant(1.98), and temperature is 300°K and AF, = 0.

Wind energy generated by temperature gradients generated by syn's heating

and that due to downward diffusion of wind into the air space that may

be counted is part of Lhe country, If the heat gradient (AL} generated

between land and air is meintained at 2°C the potential energy ovallable

to atmwephetic heat enétgiea ic the product of the Carnot ratio and the

Kelvin tenperaturﬁ (300°) and the tetal hea:_flux genetated in abeorbing

the sun's energy (ﬁ;OOO kcal{m?/day times area 1,72 x 1011 g2) cimes

365 daya. _ .

The euetsy from wind eddies :bat are externally generartd was estimated

as the kinetic energy at 300m tiwes the eddy diffusiou coefficienc

(104 cmzlsec) transfarring momentun downward where it is absorbed in

 stirring the lower layers. The kinotic energy of a cubic ceatimeter ie the

product of half of the mass-(aifldensity 10‘3g!cm3) times the square of

the.§elocity.(444 ém{sec) and ?ﬁe gradieat is obtained by dividing by

height of the layer (30 000 em). For thé whole country, vultiply by

.- area (1 72 x 1015 2) To convert ergs to kilocalories maltiply by

2 39 x 10"11 and for a year 3. 15 x 107 ﬂeclyr.

ST - RN
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. Table 3
Cumulative Disruption Estimated 1965 Through 19858

Dieruption Aspumed Length Cumularive Effect of Comulative

Pexr Year of Tiwe Energy Disruption on
(See Table 2) of Disruption Disruption Total Energy
Item 1012 kcalfyr Yoars 1012 kcal Economyt, Percent
Human Settlement? 10 ) 1 10 TS
Agriculture? 12,5 1 12,5 V.03
Inland Forest
Sprayed Once® 29 0.5% 7 V.2
Sprayed Twice or Mored 29 10 218 0.61
Mangroves® 24,5 20f 245 V.69
Estuarine ProductionB 9.66 5 22,5 0,06
Total® s1s Lob4

Footnotas to Tabla 3

a Estinated as the energy disrupted timze the number of years disrupted.
b Disruption was estisuted as that in Table 2 (1.97 of the area for one year)

times 3 such years.

¢ Disruption wan estimated ae half of the production in Table 2 of avea
gprayed once (1.2%) times half of a year.
d Disxuption eetimated as 3/4 of the preduztion in Table 7 of area sprayed

twice (0.7%) times 10 years,

e Disruption was eatimated ac half of the production rate in Table 2 of the

aren gprayed (50%) for 20 veare.
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Assumes a seeding program to supply seedlings to bare areas.
Disruption based on half of tha production in Table 2 for the area
sprayed (1/3) for five years during period of decay and digpersion of
turbidity.

Total energy budget in Table % (1780 x 1012 keal/yr) times 20 years
equals 35,600 x 1012 keal.
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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 are pathways in
Flgure § that have a solid line {(energy) and a dashed line ($) running in oppo-
plte dlrection as payment for the work done. (Work is useful energy application.)
For these parts of the economy, it 1s possible to calculate a ratio of mouey
to energy flow which in SVN was about 14,000 kilocalories per U. §. dollar. Thus,
if data for some part of the economy are in dollars onc may estimate roughly the
kllocglories of work done all through the economy in support 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 énergy from the work of nature free of
money charges so that its total dollar equivalent is larger than the moaey that
exchanges in agrigcultural sales.

In the third coiumn of Table 2, the impact of herblcide on the energy
economy 18 given for one year as best we can estimate it from svailable daca.
Colunn 4 has the percent change due to Berbicide. The total change estimated
for herbicidal effect is V.3 percent of the total energy budget for each of
the years 1965-1971,

These calculations do not indicate whether & change fs good or bad. For
example sowe who advocate that mangroye lands be used for rice believe that
mangrove clearing ie good, whereas others regafd the'mangrove interruption as
a Jogs. It depends on vhat land use is intended in the future. There is also
the energy vaiuve of ships to and from Salgon not sunk becauselof clearing the
mangroves. S . P

The herbicide disruption was cstimated in Table 2 for one year. The

total effect depends on the time required for recovery. If energles are
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available for recomstruction restoration may be rapid. The creation of dis-
rupted lands stimulates the recovery of these lands since they are Bu#ceptible
to reovganization by new energy flow. In the mangroves specfal factors of seed
shortage delay recovery. In Table 3 the time for vestoration of the canopy 1is
used to estimate the cumulative effect from time of spraying until recovery of
paotosynthetic a:tivity. For tnlend foresr and agriculture defollated after
one sprayiqg ghis has been assumed to ba one season or less since only par;

of the canopy was defoliated and most trees have enough reserves to.refoliato
once. For mangroves restoration of canopy tokes much longer.

The duration of mangrove 1nterrupti§n depends on delays in a decision of
whether to add seedlings or put the land to another use. The interruption
that is attributable to herbicides 13 calculared to the pregent. Future de-
lays in uakiﬁg a decision méy result in a delay in attaining full productivity of
the Rung Sat, but productivity losses due to delays in msking a decision cannot
be necegsarily attributed to the hexbicide.

The model in Figure 1 was simulated on computer to obtain curves of overw
all value in engrgy wnite duripg the ﬁériod of vecovery, a time when other
encrgles were alao varying due to the war. Pigure 4 ghows Bne of the computer
graphﬁ suggeuting the overall shape of interacticns with and withoui herbicida.
Yor :he'asaumptlona made about the factors controlling growth and for the data
used the graph shows future patteyns in Vietnem with &nd without the herbicide
effort. ' | - .

In the last column of Table?2 the tiue of energy interruptions was com-

l bloed with amount of energy interruption per year to obtain an estimate of the

" overall cumlative effect to 1980 on the energy budget of SYN, This was showm to
be 0.6 peréeﬁf. An analysis of the entire ays'ten shows that the largest enéi-gy
input of the defoliation program has heen the deatruction of mangroves, If '_
during the same perfod the emergy increase due to U.S. aid were estimsred at

500 miilion dollars per year the effect in increasing energy value would be
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Fig. 4. Simulation results of model depicted in Fig. 1 for the cases of no herbicide and
5=year herbicide pulse.
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