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role of these in the overall energy system of

_and a visit b H._,,ﬂﬂdum o Yung Tau, Siaulaticns of the Ruws

’ §pray test on Marco Island.- Models of nutried

7 limitations do not szam to be limiting reforegtttiJu.

ABSTRACY b

This 1s a final report of a contrzct betpcen the Systems Ecology grcup
of Environmental Engineering Sciences arnd the]National Research Council for

i,:clarl;g data models and simnlation of herb[cide, mangroves, dnd the r

VietiNam at war. Wﬂrs started w

with a apecial conference on mangroves and models 1n June, 1872 f*om which a

work plan evolvod for models of recovery of mdngroﬁgé of the Rﬁrc Sat district

fat system

showed seriou . delays in mangrove reforestatit
i

and ghortage 0f seed trees due to. high levels

bt ﬁossible from seed shortages

of wood cutting and extensive

defollation. Data on seedlings and other parzmé*-*s from Viet Nam were

supplemented with data from south Florida, whére H. Tear conducted a herbicide

t balgnne shewed that loss of

wood and leaves due to spraying removes a large fraction of svailable ﬁhosphér"g

but not a large {raction of available nitroged. waever, ansiual river flows in

tha Rnng Sat Gituaticn bring in enough phospharus fer regrow-h sc¢ that nutrient

Under a subrontract exuend4ng thermal srudies done_;nvFlorida, mocelling

initia‘ive ofuthe systems ecology group at San
by
surface mud tempera~ur°s and- dessiuaticn potej

Diego, California shewed high

tially inhibitory 1n much of the

deforeaCad mangrove area. Poor aurviva of p

Viet Nam suggest ?ossible impottance of thsase {factors.

~ Simulations of two simplifiad medels of V

igt Nam as a whole guggest a pulse

of overall war disruption followed b a stimulpgted recov;ry; the enevgy loss

during a 20-year period being abcut 1i ?n:sp."tive irom’ cnuparing e ergy flows

showed an impact of herbicide as 27 cf -2 eneley b dg =7 Pist ¥em Ln years cf

.
spraying, a greater effect than the rest of tbF var'g dis*upclk nee

Thus modele and measurements were us*d to,estxmata 1elatfve factor magnitudes

and times of chovery and to show perspective Lf the herbicide spray in the

overall pattern of Viet Nam.

o
e ]
) ‘ : {

anted seedxings in unshaded o d in
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* INTRODUCTION AND PROJECT NARATIVE

Systems modelling and eneroy perspectivee evaluations were needed by

: the ?ational Research Council Ccnmittee for the Evaluation of Herbicide

in Viet Nam for se"eral purpoaes and 2 coneract was a:ranged for the work

B ) be done for these purpuaes. "

e :<<~wfii¢7questions;wscannin: knowledge esd~concepts-emongfspecialists-concerned'withw~~~‘~

'1.‘ Since modelling and simulation is regarded also 8 a reseerch ', di

~

pl«nn‘.° tool, our contract activity wag also directed at ciarifying

=27 3roves and war models for the generalyinoot to thevmain committze; Thus,

as contracted a mangrove modelling conference was hcld in June, 1972 from
vhich a number of special quSCiOﬂS and needs were vaised concerning planting
of nansrove seedlings furthc' testing of the. sensitinity of ‘mangrove communities
cnd their roles following herbicide action. - The results of the conference

discussions the additional literature search, the field data and the

ausgestions derived from planning models were fed back to the various

;deliberations of the main committee.

In the work wi*h models a language of tnergy symbols was used See

krig. 1. These are used to express di{ferential equations. See also Odum, 1971.

~?or>enample, the qualitative model in Fig. 2 was drawn to summarize committee

discussions of impartant facto*s at a Puerto Rico meeting.

2. In the early examination of “the ques:ions about herbicide action,

ERePyeer

[T S——"

: ~s spceiai y;v»—uu “3. identified in the mangrove districts as reptesented by

the Rng& Sat south of Saigon(FiB- 3). Here, :he 3round was remaininq almost bare and

v,vegeta*ion did not seem to be coming back very rapidlv._ The committee arrangedv

e

: for vericus meaauremants to be made to verify tﬁe rate oz recove'y and rest

| V%Eegng.hngibﬁﬁgg ig;.;hg nlgg‘xecggexz Among the possible limitations to

S i AT AT | A

A L KR AT T TR IR SO ? AR R

frk et h

TN S




Figure 1

SOME SY.BOLS USED IN ENERGY CIRCUIT DIAGRAMS™

W

~ TWO WAY FLOW

ONE WAY FLOW

HEAT SINK

WORK GATE

SELF-MAINTAINING

) t
i .
{
{ , .
; — — . } ' SWITCHING ACTION
BLACK BOX //‘[\ :
H = .
| *More details may be shown within each symbol
{
1
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- of herbicide

;(relationship

. shoving the t

" effect could

in the district, and adequacy of nutrients for plant growth

”__of the models

: “3gIn the vork o1

-,Qj 3: Init
question of t

normal proces
actions, pl
mognitude of
would provide

at the time g

‘could be'exte

recovery processes.

vegetation a

way. Also a

considered wlth an order-disorder—sirulation in which thn role of herhicide J_ff” ” R

could be isolated

:microclimate adequacy of seed source from remaining trees

' pecial attention to seed source, nutrients
;-eed trees.;_iome field measurements were made in Viet ham and in Florid

get date for the model

'ing, guerilla activit Vs displacenent of people. etc.‘

These are

iquantitative'cueetions for which models may show persnective and simuldtions 'i** ‘

ehow the ultimate .onsequences for various alternative factori

this contract mangrove models were developed and simulated with - :

4 aﬁd‘wood cuttig'“offpotentiaiﬁ

, Sections 3, 4 anu 5 conce*n these objectivea.
lal exauination oE the extent of herbicide action raised the *1;h’”*‘“

he relative importance of conntgy-wide herbicide actions to the'

es and economy of the vhole country and the relative importance

ong other disruptive aspects of war such as bombs, military

If main -
could be shown in a systems model, and if the cqrrect orders of

energy flow could ‘be assigned to these pathways, then these numbers ? p
quantitative estimates of the relative role of herbicide action 11 »

f action lf approximate computer simulations were also done B

ime of disruption and recovery. these quantitative estimates ‘f o o
nded to show the overall cumulative effects. The cumulative L

be considered with and without financial stimulation to the enorgy

The general effect of herbicide in defoliating upland A"it \»-

d stimulating various recovery growths was to be considered in this

mode1 of the whole country 8 response to war disruption was to be .

Sections 6, 7 snd 8 concern these objectives._ i{"f
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~4,. Measurements were made by project personnel to get some numbers needed
for models, to utilize comparative situations in Florida, and on one trip to
Vung ‘"au in Viet Na . Measurements were made of a herbfaide treated mangrove
experiment on Marco Island arranged by Howard Teas and these results are given
in Sectiun 9. Other data are included here in Table 1 - 3 on seedlings ang
forest floor characteristics. Phosphorus data in waters are given in Section 9.

5. A brief summary of the perspectives developea by the models, simulations,

_and medel-based comparative calculations was prepéred and worked over by

subcommittees and then the general committee with the result given in Section
10. This was intended for the Part A to go to Congress. Unfortunately this was

deleted by a second review committee Wwho had never seen the detziled Part B,

8



A e e

Transect

i’:

" Avicennia sp.

©gable’ 1

New Seedlings at'Vung Téu‘in Clééted Ploi;fognséCﬁ:100m‘g;2m f“ sy

W. Drew, 1872 ,

B -0 Number .
Specles . .- - of Seedlings

-+ Rhizophcra sp.
o Qhers . :

Ceiiope sp.

fricennia sp. BT 0
veriops sp. - 408
khizophora sp. . : . 56
~Others v M

Avicennia sp. : . 6

Ceriups sp. s 21

Rhizophora sp. 63
Others ) I

‘Avicennia sp. _ 35
Ceriops sp. .n
Rhizophora sp. .98

i i
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2 . i
3 ¥
2
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Table 2 — 1o

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

Raw Data No. of Yellow & No. of Black - Live Crabs Snails seen No. of  Biack
: Greecn newly - and Brown " Sendlings Seen on Grnd. or Crab  Mangroves
Fallen Leaves Leaves (In last ' Upper 6" of Holes Pneumat-
Quadrat ' (Older) Yiar) Stems Est. ophores,
1 & o a 2 o . 1
2 7 3l 2 LG = .
3 6 5 ¢ ¥ 1 it
A S T 5 T & B 5 o
5 5 i6 G 2 < 17
£ 11 47 G 2 1 A '
7 2 3 x Q 2 12
& 0 a1 3 1 - ez
9 4 1 4 4 £ o
G 2T S o R RARNS” SRt ¢ R ST
1 7 14 4 0 10 2 o
12 6 24 0 0 5 2o 1
13 3 27 0 1 c 2 K
13/ 8 14 11 1 3 w3 i.
15 7 17 1 3 1 17 31
16) -2 i2 ) 0 e 25 ih
17) 7 27 1 0 2 10 T
S 9 9 0 0 -3 21 13
s 4 13 0 3 2 e
20) 7 320 7 1 6 18 i
2 6 28 0 0 1 3z 27
2%} 3 1 0 0 4 19 ¢
23 . 3 19 0. 0 0 33 2
2} 2 11 0 1 -0 23 L
25 2 13 a. o 1 7 S
25 3 28 o1 G 0 36 <
27 4. 20 0 0] Y] 29 e
28 4 i6 0 0 1 30 0
20 2 T 1l O -4 w1 33 G
30 3 3z 2 2 1 1% Q
31 2 © 27 1 0 4 17 G
32 1 22 0 0 2 26 - 3%
34 4 - 22 2 1 3 37 Q
35Ty 27 I T 0 C 34 o
36 3 8 2 1 .0 24 0
37 4 il 0 0 0 2% U
33 4 14 0 1 a 33 g
39 5 32 10 - - - 9]
<0 4 - 15 1 0 N 25 -
41 5 2% 5 0 % e v
2 2 372 3 0 2 a 3
3 5 12 2 0 1 25 ©
<4 0 11 5 Iy 0 34



TABIE 3

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

Seedling Lengths, centimeters Dry weight of Seedlings, gram:
Jl o e e 2T 9. .
#2 : _ 31.7 12.6
#3 ‘ 24,4 S , 7.0
#4 : ©21.3 4.8
#5 25.6 : 7.7
46 : . 26.1. o 11.6

Seedling Counts ofighizoghora Mangle Along the Perimeter of Rookery Bay

Number of Seedlings m 2 . Overhang, feet 2
. 71 yiﬁ yi . yi
10z ‘ 10,404 6 36
14 5,476 7 49
- 90 - 8,100 8 e
928 9,604 3 64
30 : . 6,400 7 49
50 . 2,500 10 100
6 o - 36 10 100
3 9 5 25
52 2,704 2.5 : 6.25
b - 16 8 64
o 0 10 100
0 0 7 49
14 196 12 144
38 1,444 15 225
12 144 8 64
4 16 9 . 81
4 ) 16 . .8 64
8 ‘ 6 .20 400
0 : 0 : 20 400,
0 0 15 225
0 o 20 400
2 484 12 144"
18 324 20 - 400
14 196 .y, =252.5 y “=3,302
0 .0 i i ~ ,
12 : 144 y = 10.52 feet = 3.2 meters
0 0 ( y,)2 = 63,756
12 144 STD'DEV = 6.4
34 ) 1,156
y,= 783 y, 750,601
y = 26.1 m—2

STD DEV = 32.25 m—2
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Mangrove-¥odelling Conference {n Gainesville, June 1972 '
and Acknowledgements of Collaboration
The mangrove modelling workshop conference wae held June 19-21

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

Several of the participants were puid by their home orgénizétiuhs.

Iavitations went to those';ho were doing mangrove modelling or who were’
doing experiments or making measurements of key parameters neéded in
médelling‘auch as reproductioh, seedling germination, herbicide action,
etc. We tried to draw representatives from each on-going mangrove research
activity Qe"knew'about.
Fach peréon attending took a half hour to input vafioua data, results,
ideas, questions.bearing on the problems of herbicide and mangrove with
thé others participating in vigorous, #tobing discussion. Im séme ways
this was like the main commitcee discussions except tﬁat in this group
'fogus was on mangroves by people who were maﬁgrove specialists.
Unfortuna;ely, the ﬁatvelous reworki~a of ideas and concépfs did not
a&géuafélf‘;éeé bééﬁ‘iﬁto ihe main.commitf;e a; weil ;a hgﬁeduﬁeciﬂée.aﬁi
the last moment Drs. Lang and Ross had to caﬁcel. However, Teas and
assoclates were there and Golley sent a represenc;tiyg. William Oduﬁ
had ﬁeen in on the original Heselsgn AAAS deliberations and was most
... belpful in integrating the mangrove-nutritlons concepts. Gerald Walsh
| had potted ﬁanéroyes under herbicide treatment in Pensacola (Gulf Ereeze)
and had spocial knowledge of mangrove plant ghysiology to draw from. Later
he éent an extensive mangrove bibliography; vhich he forwerded to the
cormittee ofSice. Gliberto Cintron Qf the Puerto Rico state conservation
organization brought wuch knowiedge of mangrove responées to disturbance
and report of some spraying ia Puerto Rico, One of the moesi active man-

grove research projécts i3 that of the Puerto Rico Nuclear Center in

et 1 a4 e ot et 0 ey A e



w;ﬁrelation to proposed nuclear plants énd this work was discussed by

Seppo Kolehminen (see below). Howard Tess and Joan Browder (later
joining our contract work) from the Miami group discussed their seedling
work and :ooi the lead among th§ conference group in organizing a proposal
to the main cammitteglfor a Florida té§£'experiment"tO'verify sensitivities

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

committee.

; plan to thebcommittee that would allow them to enlist some of tﬁeit own
oiganizatiou's suppdrt in a common interest activity. Unfortunately,
we failed tb get enough enthus#aam from the main cormittee to do this as
planned although after some delay'iﬁ initial spraying was authorized,
with Dr. Teas (¥ather thar thc conference group)‘providing‘ﬁost of the
cost. In Section 9 &re results of unr méaquremeﬁts on the Marco Island
plot which along with the main effort of Teas help established the
seasitivity of American mangroves to "Agent Orange'l

Linda Lefler contributed & review of mangrove physiolngy'which
she had done for Dr. Golley. Phillﬂiller flew in from Alaska and the
discussions oriented him to tbe'néeda 80 that he.could organize his vork
as our sublontractor for simulation work inm San Diego done by James

Ehrléringer.' In this work Miller's work 42 simelating Florida mangroves

The cbnference in effect organized itself Zn.o a branch activity with

13
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micro:iimate limitations in sophistication on relatively small funds.

on a Power Corporation project made his team ready r- consider the

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

modelling receiving intellectual stimulus from the conference. It may be

~desirable for the committee to invite him to contribute whatever results

and insighte may have come from this. E. Kuenzler of NSF and E. Hecld

o ot 1 S O vy H

Q2 5 o i s A Vi e



[ R
3 .

14

could not come and several others of Miami Marine laboratory were not
invited because we did net know they were involved. Armando de la Cruz

~at Misesissippi State had worked in Philippines aangave us input later.
J. Lincer was in Florida (Cape Haze) but we didn'é know it then.

T 0ne of the most pertinent projects was che/rakahatchee ‘slough ~ o

project of S. Snedeker and A. Lugo of University of Florida on structure
and.funetion of mangroves in South Florida under support of Dept. of
Interior. Progreaa report on this (eritten and oral) was made available
giving critical numbers on biomass and seedlings. Later M. Sell did a
special slmulation on hurricane effects on mangroves with Lugo and Snedeker
and this i1s appended as an appendix since it was partly an outcome of the
conference communication; The surge'of destruction by hurricanes is
somewhat like ehat of herbicide, with great thickets of dead wcod recaining
and much kill that i8 not yet explained (broken stems? sedimented
pheumatoyboreaf stripped leaves?). The difference is that there was a
scattering of.Seed trees and there were no peasane wood cutters in south
Florida and the wood has been standing for 10 years gradually eecoﬁégsing

' aa new g:oﬁth comes from surviving treesf Dr. R. Goodrich of the Central
and South Florida Flood Control District, West Palm Beach reported on his

| seedling restoration experiments on spoil islands in south Florida. Ome

of his nain poin:s was that aeedlings need to be planted in water depths

and wave energy aituations that are the normally auitable ones rather ”
than geueral broadcasting of eeedlings. ‘Both Teas and Goodrich found low
mortality rates with aerial broadcastiné of seedlings. Seedlings need not
be weighted, for they will turn their nei rocts earthwafd in growth and do
not have te be stuck into the mud. The consumption of roots of red man-
groves 1@ South flotida was described. Some regard it as possibly an

adaptive regulator of horizontal extent of mangroves. Questions were

S Ay S pa et S



raised about nitrogen fixation in mangrove muds and Teas proposed work ~— T

by them on this. Both Teas and Coodrich felt that the topography (or
ipmediate eavironment) of the place the geedlings landed was the most
important factor 1n‘aeedli?g sufvival. Mangrove could grow where tnere

was an accfueing‘shore line’(low‘ene%gy);'and available hdiétuié"(eié;agion)L
Contribu;ing to the discussions and plans were many staff and students

of the Environmental Engineering at the Univetsity of Florida.

J. Ewel aided the work in many ways ‘especially in his p;ans and discussions .

at the firat meeting of the herbicide committcs 1o Vishirgion.  He pro-
posed the use of the Holderidgeygpproach to the uplanda--later the subject
‘of Bethel's proposal. Frank Nordiie participated from Zoology. Joan Browder
supplied an 8-paée‘revié§:~ "The Role of Birds in Hangrﬁvea" with 10
references ana Qpec;al reference to Cattle Parets and this was Eorwarded
to F, Colley for the animal writg-ub. Knipling attended from the Department
of Agriculture providing maps 2nd 1iaison with ihe'wotk by Weatharapoon.
In the vear that followed the conferencé, varied mangrove studies continued

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

herbicide studies on éeedlihgs. Stimulated by the conference, J. Zieman and

' W. E. Odum (University of Virginia) h&béﬂbépéiatelyband on other funds dquloyed

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

TTto the Fakahatchee stxand in south Florida. S. Snedaker, A. Lugo, L. Burns and

others mads extensive measurements and some further mnodelling of the ¥lorida

mangrove swamps,

Pollcwing one of the herbicide conference meetings, R, T. Na-: zad P.

- iy

‘Zinke of University of California visited the Marco Island herhicide site,

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

15
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Included were some sampies from the Snedaker-Lugo project sent to him at that

cime. In'July of 1973 another MangrOVﬁ conferenc2 was held under auspices of

the Conservation Foundatiun wtth Depar*ment of Interior funds at St. Petershurg

16

coordinated by S. Snedaker, This coaference was not definately related to the

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

research communication concerned with mangrove health and reférestation.

The following note was received from Puerto Rico participants:

'

ENVIRONHENTAL CHANGES AND KESEEDANG OF '
KILLED MANGROVE AREA IN PUERTO RICO*

by G. Cintron** and S. Kolehmainen

In Puerto Rico there 18 a mangrove area, a few acres in‘size, that
was killed by human aciivitxes, probably with a herbicide. This arca

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

~ The mangroves have been dead over a year, and cousequently, similar

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

sediments for an extended peried. Thereforé, it 1s felt that this area *

n Puerto Rico can be used to study the possible changes in the emviron-
antal conditions of water ‘and sediments that cculd have happened in
jng Sat. A haalthy mangrove area may be used as a conttol area. L“

The herbicide sprayed areas of mangroves have been barren for twa

) il

to seven years. During this time’fﬁémidil“ind7thé'sediments have beeg—— -

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

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

lessened input of organic mastter and increased flushing rates of tidal
and runoff water. When the foliage of mangroves were destroyed, the
increase in the light intensity increased greatly., This, in turn,

probably increased the production of benthic algae.
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ORDER-DISORDER, MANGROVES, HERBICIDZ, AND WAR
Ecoiogical Modelling for Evaluating Disruption and Recovery

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

_agricultural country sides and urban areas have regular and mormal procesq of -

- . P

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

human settlements, trees, soils, leafy matter, houses, streets. rivevbeds, AN

wildlife, socialiorganization, etc. Working against these constructive prncesses

»

are the natural tendencies for all atrnctutes and information to deteriorate
with :imé as required by the secoﬁd laé of thermodyhabics. In addition there are
trictionai aue accidental losses thaf occur ss part of consrvuctiQe efforfs and
that form special disruptive ptocesses.sﬁch as earthquakes, hurricane, and wér.
The action of herbicide is a épec1;1 disordering action.

T§ gain_petspeé:ive on the importance of a.dis:uptivé proéess, one may
‘estimate the magnitudes of ¢irect and indi?ect eneigy involved to find what

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

:
i
:
i

. One ﬁ&yﬁéomééré herbicide action in energy iéhsﬁ?esvﬁifh that of the whole =~

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

. feedbacks, aelf regulatory actions, times o action, and time of recovery of

the aystem to former-sta.;. Systems methcds telate patts to wholes and thus are i

helpful for 1mpact studies. Here, we use four systems methods to zain perspectivn' i

b ; 4

I SRS B Y

on the relative acticn of herbicide 1n relation to the war disrunéién as a whole
and the rocle herbicide played in the general process of South Vigt Nam as a whole,
1965 and after, The four mathods used were the follewing: - S

1. Systems were diagrammed to show interactions believed dmportant,

2. Energy flows were estimated for comparison in diagrams and tables to
evaiusie Importance of the pathways.




3. Computer models were simulated to show consequences in time that
disruptions produced in models. The simulations were used to test
whether concepts for the manner of action of disrvptions su:ch as
herbicide produce the patterns observed in the ze2l situation.

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

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

1. The Rung SafvﬁangrOQe district, the largest mangié;evarééndééoliéted,
wvas studied with emphasis on biomass, productivity, land coverage, and
raproduction of the mangroves. The models included disruption aand

recovery, factors of herbicide, seeding, cutting, nutrient, and mud
temperature. L

2. An overall view of Viet Nam was modelled to determine the effect of - — . ..

herbicide on the maintenance of organized structure. Evaluations and
simulations included disruption by war and herbicide, the recovery
feedback stinulation from the disruption, the energies and monies of

order and disorder from nature, from communist sources, and from the
u.s. '

'

Steady States and the Balance of Ordering and Disordering

Any system that sustainS'continqus life in the long run must develop a

balance of its ordering and disordering processes. Ws visualize these as ‘/

circular relationships as in Fig. 4 Such circular systems tend to return to
a balance after disruption. A syster in such a balanced state is said to be
in steady state. Surviving systems develop an ability to repair and acceleraté

restoration and recovery when disrupted by tecycling materials and energy from

18

"1ts"etorages combining these with new potential energies to stimulate reccastruction

of the diarupted zone. We are all familiar with these processes in a forest

where hew'trees accelerate growth: to fi;l a spot where a tree fell,  Fertilizer

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

micro~organisms, and root>actions, stimulating regrowth. Fathways of supply of

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

again.

”
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Similar processes stimulate recovery on the larger scale of whonle countries.
i Parts and frazmeﬁts of the disordered state stimulate regrowth provided there is

available abundvn' energy scurces Or sources of money to purchase ;he energy resources.

‘**'*""""*f“*;“ "—‘”:*'*v““FOTWexﬂﬂplefWQ}étu?Edeland;mdisplaced”people;“disordeted~materiaisﬂan} released ————

nu-rients tend to stimulate reccnstruction activitv.

- Summari*ing the concept of self-maintaining sy;tems we fiud there Is a

‘symbiotic balance between ordering and disordering ptocees in the notrmal system
with cyclea of disordered materials back to reuse in new construction. When
there is a surge of disruptio', there 1is a surge of stimulation by land, people, .

and mercrials in sym--ocic actica that accelerates the reconstruction somewhat

} : later (if there is an energy source). ' Any ultimate juﬂgment of the effect of a

_. process must consi&er'the shorf term, and lﬁng Qerﬁ effects.
| Some actions of war are short pulses_thaf have immediate gutges to
disorder followed by resurges to the reordering process. Where actions of w;r
or other disturbances are chronic and continuous, the effeﬁt of the disruption
being more continuocus causgs'; moré}tontinuous‘drain from'the resources so

that a Qew steady state balance ié achieved, one with more disorder on the

@ 7 - o gvetage.‘ We can call this a stressed sgegdy ctate., 1In somé ways the portracted

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

been sutges within 1t with intensive periods of hetbicide actio~s' bombs,

. O S e e e MRS PO

o militarj aétians, etc.

[N — 3

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

coustructive actions contributing to structure of man and nature over the

coqntryside, balancing the destructive actions of nature and man. Notice the
pathway by which increases in disordered areas and components gtimulate the %
regrowth. Herbicide 1is one of the special disruptive stresses (Fig. 4b),

] _ . The systems diagrams of pathways of action aad storag; are also pictorial

4
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Afigp_gcqlogicai model. For example, the equations that go with Fig. bb are

.4

ways of representing mathematical equations that are another way of inditart

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

dilagrams and mathematical statements, Each mathematical term refers to cne

pathway and the several equations togethgr summarize the systems diagram. F

in thet pathway per unit of driving action couming from upstream storage unit

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

units. : “. R

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

"In"computer”simulation,*themﬁathematical»equatieﬂs~areuallowed to inter

together and contiﬁuouély sp that the vario “inflows, interactions, stresse
etc, take place with the complexity shown in the diagrams and as a result,
graphs are plotted that sbow the rise and fall of various prOpnrties of

the system with time for comparison with those cbserved in the real wotld

or as a prediction of possible future action.

The systems diagrams show the various kinds of iﬁportant storages (tank| '

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

pathway lines show where one flows into anorhpr or where one interaction act
on another in a stimulatory control action (workgate, Fig. ld), Many contro
actions at workgates are amplifying, multiplicative (indicated by pointed

"block with multiplier sign x, example, Pig. 1) Tha ultimate sources of

J

l

energy or the source of support to armies or the fuel energles brought
in by tanker (Circles, Fig. lc).

' The diagrams may also be used to show relative ﬁagnitudes of actions an
storages by writing in the numbers for storage in the tanks or numbers for

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

data are used to evaluate coefficients of the mathematical equations and

analog and digital computer simulations are glven, For others, we use

3
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descriptive energy diagrams to show perspectives on the role of herbicidy

" in mangroves and in the war and Vietnam as a whole. . More details on

o - eghich-verifies  the general é:aﬁility of the provisién for

symbols and procedures are given in a recent book (Qdum, 1971, Environmenat.

Power, and Society, John Wiley).

Analog Simulation of Order-Disorder Model

Given in Fig. 49 1s the resul: of a simulation of the order-disorder mocel

" and fecycle between order and disordering tendencies. In the first graph the

levels of order and disorder are immediately established, these being somewhat
different from the initial conditions first established. Thus Q rises to a

level as Q, disorder falls to a lower level.

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

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

normal degradation that ultimately accompanies any storage of order. While this

disordering stress is8 operating, the levels of order and disorder shift to a new

leveling that 1{s equally stable. Turning up the disordering action pulls order

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

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

stimulates rapild recycling recovery as léng as there is é regular unlimited

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

the symblotic balance

becomes difficult. Vith removal of the gpeclal stress,hthe system returns to its

" original levels of order and disorder,



"~ ~Without Stress

23

With Stress

Q:

Figure 4d
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None of these have the environmental.;mpact_

Models of War aqd Stress

Because we usé simplified war models in relating herbicide to overall’

T ener gy” 'bUdgEt',“Ve "'gi':e"nere sone background ol war models, T T

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

with war; bu* those earlier efforte many help set our Viet Nam simulations

Through the aid of Gary Murfin we located a simulation of the Viet Nam
cbnflict by J. S. Milstein and W. C. Mitcheil ‘(1958 and one by John
Voevodsky (1968). |

Milsum {1968 ) building on Richardson's a%mament model (990) has the
compatition between nations as surmarized in our diagramming of thelr
equations . Sinée these models fail to put in an energy
éonstraint and do not have the environmental interaction, they may nct be

very real or pertinent.

‘0dum "(1571) has two models of war interaction that include energies

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

Saaty (1972) prcpored a model which M. Sell diagrammed and put on
analog simulation as given in FPigures 7 and 8 . It has the feature

of each controlling the other's energy input and one pathway of inhibition,
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- Milstein and Mitchell tested the models for the stimulation-of one

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

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

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

varied month to month in terms of the i;£éf;ié§'df ;iiiQer decisions.

e nodel did not have an energy constraint and may have suéceededvat its
\ . ) . i
predictions because neither side was really energy limited except through

29

e

1tlvownfdeciaioﬁsfat~t6rwhat resources to coumit, based on decisions of .
the other environmental impact was not involved. .
Christine Paddock working in our group last yeaé (unpublistied

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

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

eipecinlly pig crop. The simulation was guite 1ike that qualitatively

documented by Rappaport (1%71),

Voevodsky (1968) has a model fof war as dependent on some expoﬁentiﬁl

declining storage whose time constant aad initial conditions of resource

uitimately determine the end of the war. This single decay tark 13 a

. little like the ﬁigs for the ahcgstora fig-accuﬂulatﬁon theor&.

e ey e oAbt e i P e R e SRS B A s MR b5
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Stress Ampliffer War Interaction
e —w w .- ... Maurice Sell . .

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

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

_mw;g§45»99”86uth Vietnam, other models have glso asppeared in the literature, One

such model was discussed briefly by Saaty(1972) as an example of game theory.
Saaty considers three variables in his discussion&_the'United States

supply of vital weapons, Q1 , the sﬁpply of weapons for North Vietnam, Q2 , and

the accumulated marginal supetiqrity of either of the two warring nations; v.

depleting the reserves of the enemy. That nation zbie to accumulate resources
would be the victor, ‘ |

In Saaty's model, the accumulation or loss of U.S. weapons with time depends
on the rate at which weapons are obtained from outside sources, Nl and the rate

of depletion by'North Vietnamese f&rces, k1k2Q2' In equation form this becomes

Q= N - k0, : (1)
: <
0-k2£1

vhere kl is a measure of North Vietnam's effectiveness against the United States

v/and k2Q2 rgpfeaents the weapons used by North Vietnam for the purpose of attrition.

A similar equation for the accumulation or loss of weapons by North Vietnam is
Q= W ok | | )

3 : '

Oska-l |

One of tiie two nations in conflict may ultimately be more succesbful than

the other and w?11 accumulate marginal superiority according to tha2 equL ?pn
Vo= ke, - - kY @

|
l

~vhere 1 -k, and 1 - k, are the fractions of North Vietnamese and U|S, forces,

attacking each other.

. Saaty then proceeds to determine optimal ﬁtrategiea for each side and

concludes that as the war ends both sidés 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 Vietnamese are less effective than the U.S. in de-
pleting reserves, then Saaty concludes that North Vietnam switches to full attack
scme time before the end of the war and this equals the reciprocal of the
effectiveness of North Vietnam, In other words the less effective ﬁorth Vietnam
id with attrition, the faster they switch to full attack,




k]|

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

] simplified model was drawn using the equations developed by Saaty. This model
-is shown as Figure 7. In this simulation that follows no data were used so that
the results are entirely qualitative. Also, the model does not include conditions

B e for awitching more reserves to attack or attrition, whichever 1s needed., Intel-

. ; ligence reports would also have an effect on—the-fraction -used-for attack-and——-
actrition of the enemy, ‘ ’

Figure 8 shows the accumulation of marginal auperzorzcy as it varies with
. time for the following conditipns:
S "‘_ ' 1. North Vietnam is at 807% full strength and 50% of this goes to
' | attrition of U,S. resources with 507 effectiveness.
) 2 Th2 United States i{s at 507 full strength and 50% of this goes

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

. effectiveress. Supply rates are tiie same for each nation.

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

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

superiority and continues to increase its superiority. At 257 effectiveness the

: U.S. begins to become syuperinr afrer abont 9 years and at 307 effecriveness it

! takes about 16 jears. A curve not shown i{ndicates that if the North Vietnamese
are 507 effective, they maintain superiority. As one side begins to iose the war,
it seems that the rate of supply of resources vould be.increased. This was not

- considered here and is ‘indeed a shor:coming of the model; 'However, this paper was

_not intended to fully detail the Vietnam war but only to 1ndicate trenda. As

mentioned previously, a vital elemen: misning is the adjustment one or both

! - conflicting nations would make to keep the other from becoming superior
militarily.
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3., Model of Mangrove Productivity, Herbicide Sprayinz,
Wood Cutting and Seedling Availability in the Rung
' Sat Zone of South Vietnam

Maurice G. Sell, Jr.

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

found in the Rung Sot are thoae belonging to the genus Rhizophora. : The species,.

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

: as chsrcoal (Van Cuong, 196&) Since thil species comprises about 75% of the

uangroveq, ‘the data compiled for the simulations relace exclusively to gh;zoghora

spp. For the purpoae of orientat‘on a map of the Rung Sat is shown in

;_;figure 1.

‘An import“at concept used in simulating the mangrove community of the Rung

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

- mangroves, For example,'thé‘process of phoﬁosyuthesis péoduces organic matter
‘used by the néngtoveé for‘gtowih and metabolir processes. The actual process of

" photosynthesis includes many steps or chemicallreactions'that evéntunlly result

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

. since the primary concern ofvfhis stuﬂyrinvolved évents on a larget scale,

This'techniquo of lumping 1is probably valid whenever the cverall result of some

ptocess is deaired tathet than the 1ntricnte details. .f“ - T

vy aimplified model of the ‘mangrove forest in the Rung Sat is shovn in Figure

2 using the symbols previously deseribed in Fig. 2, Section 1~ This model has

iseveral psrametets opetating on the mangrove forest as outside foreing functions
(circular symbols). The state variables (tank—shaped symbolé are those variables

vhose levels were thought to be important in this model, Each line represents

a pathwuy that connects state variables with each other or with one or more of

the outside forcing functions. .

e
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The sun is shown as a forcing function that intetaéts with the amount of

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

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

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

In reality the value of this pathway probably 1ies somewhere between the upper

value of gross photosynthesis and the lover value of net photosynthesis. Since

net photosynthesis carries a different meanihg for each individual, let it
suffice to say that the pathway ie dightly less than 3ross photosynthesis.

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

sun-land interaction is used by the mangroves for growth and metabolic activitiea.
Woodcgttera Are very important in their influgnce on the mangtcve forest. They
“are shown cutting wobd‘nt a rate proportiénal to the level of mangrove biomass.

The production of seedlings is showm as a sgasonal occurrance. In May of each

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

seedlings which continue to growruntil about October when seedlings begin to

fall from the trees. The fal;-of seadlings was assumed to occur during a period

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

zangrove trees was 1nc1uded ag a state variable. When these seedlings drop from

the trees, many of them remain beueath the pareut tree, but actual numbers were

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

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

of these séedlings may eventually coloniz~ an area devoid of mingroves. This

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

land to give land rhat is covered by mangroves., In the Republic of Vietnam

extenaive spraying with herbicide has brought abcut vast acreages of bare land.

Sp~aying with harbicidé is shown as an outside stress draining land covered by

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

“seedlings are shown as a state varisble labelled seediings in the water:  Some———————— —

more land is covered by mangroves. The organic matter ‘produced thréugbwthe S T



37

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

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

is a desired course for Vietnam to follow:
Figure 3 shows the values used for the state varilables and pathways

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 Rito 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
Octabex 1967.were used to derive a éurve that apprb*imates the data. The data
were supplied by fhe United States Depértment of Commerce, Weather Bureau.
Valués are given in Table 1 in units of keal 2 day‘1 on a mcnthl; averaged
‘basis. These values are also plotted in Figure 4 where it can Se.seen th;t

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

Level 65 Mangrove'Biomass

Biomess values were unavailable for the mangrove forests in South Vietnam

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

»AIhe-biomass»offmangroveéwin,Puerto-Ricowwas!measuredéby~Gollenggig;—41962)43s———*——#———‘v—
5000 grams per square meter (1000 grams per square meﬁer is gquivaleat'tc 4.5
tons pét acre) in leaves and wood. This was used as the initial céndition value

] for mahgtove biomaés in the Rung Sat model. Rates of gross photosynthesis ard

respiratfon were also from the Puerto Rico study. Cﬁttigg rate was estimated

as 3% of the mangrove trees per year,
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iz
TABLE 1 R o
i . Monthly Solar Radiation Data for Saigon From January 1964 to October e
; 1967 (Units of kcal m~2 day-1) ;
o . , ~ Month Solar Radiation (kcal m~2 day~l)
’ Januafy . 3500 '
] - !':cbrulry T T R
Mareh 4560
" april 4380
' ‘May 3680
‘ June - 3910
July 3860
fugust 3690
_ September 3560
October 3350
_ ‘November 3160
" December 13160
3
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‘Seedlings in the trees - - o e e e

In an experiment in Florida Rhizophora mangle seedlings were found to weigh
12,6 grams (dry weight) for a seedling of length 31.7 centimeters. If the

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

" rate is 12,6 grams mr secdling. A density of about 26 seedlings per square

meter vas countsd in the trees in July 1972.‘ Therefore, growth of seedlings

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

Of 660 grams per square meter per yuar vas chosen,

Seedl;pggvin the water

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

' avay by the tidal currents waa caleulated by estimating the amount of treze over=-

mﬁroqﬂg@aﬁ;;aes into the water. :

h&ng above fhe wvater and determining the totalylength of watervays in Vietnam,

The overhing vas about three meters in Plorida and the Rung Sat has about 500

vkn‘of waterways in the hnsprayed area, The sprayed area algo has sancther 500

kn of waterwvays. Before spraying the number of seedlings that could be in

 water qodld therefore be about 1 X 108 seedlings._ Seedling movement was calcu-

lqted on the basis of a period of sixty days during which the seedlings fall

Bare land and land covered with live mangroves -

- The total area of the Rung_Sat vas alfe&d&lgiven‘pféviouély as 750 km2,

1f the woodcutters are asgﬁmad‘to>have some influence on the amount of bare

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

initially will occupy 50 m? of the Rung Sit and seeded land the remaining 700 km2,
The above sections are a brief insight into what procgdurex were followed

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

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

be obtained for the mangroves in the Rung Sat some time in the future. Initial

B
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numerical values for the state variables and process variables are given in

"~ Pgure’ 3 and Table 2.

In addition to descridbing the methods of getting che data, this mernods
section vill also deal vith':he procedures that need to be followed for a
computer simulation. - Tha method used for this simulation involved describing
each pathway by an equation that was a8 linear or nonlinear function of the

variables and outside forcing functions discussed in an earlier part of thias

bpapar. thn these functional relationships have been defined. the rate coef-

ficientn can be dc:crmined for the pathunyo. Equatioés are alao vritten shewtng
the time rate of change of a given state vorisble based on the 1n£1“*e and

outflows for that state variatie. Also, for this ;imulntion an analdg ccmputer
was used avd this meant that each time Tate o change equation had to be scaled.

The-o procedurec will now be diacunled.

Pathway equations

Pigure ‘5 is another diagram of the model snd is identical to Figure 1II-3
cxcept that each pathway has been described by an equation. For exﬁfple, the |
rate of gross photosynthesis 1s giver as being equal to some rate coefficient,
ks, times the lnnd ares covered with live mangroves, Qz‘tiﬁea available sunlight,
Q3. Tn other words gross phocosynthcnil equals k3Q2Q3. Similar1y1 one can
- determine the cquations for the Test of thc pathways, '

" Calculation of rate coefffefents T T

Aﬂaw that the pnthvay‘equat1ons are kmown, one can begin to calculnt£ the
rate coefficients or k's. To determine the value for a rate coefficient set
the equation for a given pathway equal to the numerical value of the rate of flow for
that pathway. Substitute for all the kacwn values and solve for k, the rate

coefficient. As an exaumple, let's use the mangrove respiration pathway, keQs:

o e
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kgQs = 2.19 X 10° kg year~1 ' L)

o 2.19 X 109 -1
kg 3.75 X 109 ~ 0:385 year

Celculations focr the rata coefficients are shown in Table 3L Valﬁes for

.1i”85*2£;'}.r.*léé}iiaiea:-';é ﬂ;1§en in Table 4.
' *

Differential equation writing

For cnchiitatc variable of interest s differential equation can be written.
All this nayi is that the time rate of change of variable is edLnl to all the
input rates minus ;11 the output rates for the state varisble quesation. Llet's
look at the level of nnngt;ve biomass as an example. The rate of change of
mangrove biomass, dQsldt, i3 equal to the incouing rate of biomali pfaduction,
kaqua)-inul the amoungs lost th;dugh plant respiration, kﬁQs. hiough woodcutting,
cQs, and through some amount needed for groéth of seedlings, k7l$~ In equation

form this becomes

dqs . ‘i,

The differential equatdons for all the state variables are given in Table 3.

Scaling equations fof analog computer use

Because the decision was made to run the simulation on an agaiog gdmputer;
it was ncécessary to scale all of the differential equatdons d@scLibing the state
variables, Scaling 1s reguired because analog coupﬁtars hav§ buflt into thenm
a maximum volrage output constraint, Kxcéeding this value may yield erronecus

k
results. For scaling, each state variable is asgsigned some maxipum level that

|
,1 R
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TABLE 3

CALCULATION OF RATE COEFFICIENTS FOR THFE
PATHWAYS THAT OCCUR IN THE MANGROVE MODEL ( FIGURE 11I-3)

Flow #2 - Incoming Flux of Sunlight, kyQpJg
kyfipdg = .83 x 1012 kcal w2 yr?

K - 83 x 1012
2 .83 x 1012(700)

1'9) e 1.43 x 10~3 2

FPlow #3 ~ Gross photosvnthesia for mangroves, k3Q2Q3

kyQ90Q, = 4.38 x 10° kg yr~1

- 4,38 x 109
k3 .83 x 1012(700)

ky = 7.54 x 1076 keal™t

Flow #4 - Rate at vhich woodcutters are cutting wood, cQs

eq, = 12 x 109 ¥xg yr-l

e = 212 x%10°
~ 3,75 x 109

¢ = 3.06 x 1072 yr-1

Flow #5 - Respiration of mungroves, k6Q5

9

keQg= 2.19 x 10° kg yr~?

~ 9
Kk = 2:19 x 10
6  3.75 x 107

K, = 5585 ye-1

Flow #6 - Rate zt which biomass is ttanalocated to aeedlings, k7Q5

kyQs = .491 x 10 kg yr-1

x, = :491x 10
7 3.75 x 109

k, =1311x 101 yr-1



o

At e L [ A [ - - . ;_‘v

Flow #7 - Rate at which seedlings are produced, kgQs

kgQs = 1.94 x 1010

kg = 1.94 x 1010
3.75 x 109 -

kg ‘= 5,17 seedlings kg‘l yr‘1

49

Flow #8 - Rate Qt>uﬁichnseedii££;Ago into the water to colonize new areas, kgQg

kgQg = 3.94 x 10 seedlings yr~l

kg =9 x 109
' 1.95 x 1010

kg =2.02x 1071yl

Flow #9 - Rate at which seedlings remain beneath the parent tree, k10Q6

"k, q06 = 1.95 1010 geedlings yr~1

k.. = 1.95 x 1010
10 1.95 x 1010

klo -'1.0 yr‘l »

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

s

kllqs e
ky1Q¢ = 42 x 105 seedlings yr-1

x - 42 x 106
1 1.95 x 1010

kll = 2,15 x 10-3 Y!_l )

Flow #11 - Rate of loss of sesdlings that are in the water, k;,Q,

Lo

k15Q = 2.1x 10/ seedlings yr—t

k.. = 2.1x107
12 "2 x 109

k12 = 1- 05 yr-l

Flow #12 - Rate at wnich sgcdlings colonize new areas, k13Q1Q6‘

k130Q,Q, = 42 x 106 seedlinga ye-1

X - 42 x 108
13 (50) (.2 = 108)

T T e e e

WG



kyy ™ 4.2 x 10~2 yr-1

Flow #13 - Rate of conversion of seeded land to bare land (maximum Value), k;5Q,H
k15QH = 365 kn? yr-1

x . 365
.25 "T095 x 108)¢700) o
le - 4,8 x 10‘7'11téra'1 yr"1 '

Flow #14 - Rate of conversion of bare land to seeded land, k1601Q4
k16Q1Q4 - 25.6 kn® yr-1

k = 25.6
.18 (50) (.2 x 109)

k16 = 2,56 x 1078 seedlings™} yr-1

Flow #15 - Variable Planting Rate

1



Flow Number Q)

TABLE 4

' Values Used for Rate Coefficients in

Margrove Model of South Vietnam

Coefficient Coefficient Value

10
11
12
13
14
15

16

k, 1.43 x 1073 jm™2

k3 7.54 x 1076 kg kcal~l
e 3,06 x 102 yr~t '

kg © 5.85 x Lo-L yr-l )
ky 1.311 x 10-1 yr-1

g kg - 5.17 seedlings kg~l yr'i
kg 2.02 x 1071 yr-1
k50 1.0 yr!
kyq | 2.15 x 10~3 yr-1
Ky, 1.05 yr71
Xy3 4.2 x 1072 @2 gyt
H sine wave pﬁlse
s 4.8 x 1077 1iters-l
ki 2,56 x 10~8 seedlings=l yr~1
N variable yt'l
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TABLE 5

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

1) Bare Land

R PULES RO
2) Seeded Land '
QeA-0
vhere A'1s the total land area of the Rung Sat
3) Available Light | ‘
Jp = T - ka3gQ,
4) Seedlings in the Water
Q= k0 - k120, - k13030,
5) Haﬁgrove Biomass
85 = 0,9 - 605 - 05 - <05

6) Seedlings in the trees

& = Qs - k1oQ = kg0

52



is not expected to be exceeded. To illustrate, the initial value for mangrove

the maximum value was chosen to be twice that amount. Maximum values for the
ltatg variables are given in Table 2,
The following steps are involved in the scaling process:
(1) Write the differential equation that describes the time rate of change

of a state variable. As sn gxample. mangrove blomass will be used.

—i" 3Q2g"‘s°5 cQs - k70
(2) Divide snd multiply each variable on the right side of the equation

by its maxlmum value. This gives the following result

495 = k3(750) __8_2__ 3.26 x 1012| Jg - k(7.5 x 109)

3t 750 26x1012
. . [Qs . i 9.?__,; -c(75x109)r i
[75:1091 5(75:10)1 l téxm?

3)

53

_biomass was chosen as 4.2 x 106,tons.(3.75 x 109 kgs) for the entire Rung Sat and

e A 3o g i, DAL b £

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

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

. f. 1 i ; -
90Qs/dt . k,3.26 2100 (21 R ok O
7.5 x 109 1759 |3-26 = 10“‘! 6 17.5 x 10‘]‘
N r
-k, | 35 Q ‘
7 i- el Qs
9 35
5= 10} {7.5 x 109 %)

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

prege
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All that needs to be done id to substitutu the ritc coefficient values into the
lldduntion. ;Thc aumerical values that appear outside th brackets would be the

pot settings for the analogldiagram. All of the scaled equations are given in

Table €. v

| B 3 dinggnu of the simylation model as it wcuid appear in the 1a§§uage of
i analog computer symbols 1g howm in Piéﬁrc 6. ' Thess synbols will not be
; . explained hers but any booki on analog computers adequately explains the meaning
EVI‘“;_Fgfigfggmgzgygli_»$1mulntidn were run on an Electrenic Associates, Inc, analog

;'k computar, the EAI 680.
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__ TABLE 6

Scaled Equations for Mangrove Mndel

1) Bare land .

I
P16 - 512 Tap 9 )
750 \ 8
L 4 ‘ l?ﬁ—'} 2!10‘
Q1
b

3) Seedlings in the water
9

] Q
T =108 - 0824 % -n.s 4
2.x 10 L?.es x 1010 lz = 108 750, 3 %108
k] 1
e [ 4
4) Mangrove biomass
_éi_ - 2, z.ss i J ] ron :
. 9 — Q! - o.585 Q

& NI :
~ Qs | - " q “,
== g = 0.0306 3
;7.5 x 107 5% 109

. (O
5) Seedlings hanging from trees

Q6 f Q ' ) . .1 .
765 x 1010 = O 507‘7 5109 1',°i % o202 % i
- J 7.65 x 1010 765 x 10

6) Available Light

J ! _ I SRR . - _
Bt T o Q R R _
— - o - 1.072] Y2 . |
3,26 x 101 : — 1.7
3.26 x 1012 33 x1 zj , l?so] [3____ ‘

«26 x 1012J
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RESULTS

Sevaral situations were uimulated.to asgess the impact of selected pathways

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

;;W;;ch figu;e.v This was neccssarf becausa of the many approximafipnn made to
obtain data for the simulations. Another reason was the unaveilability of data
for the nnngrerc in' the Rung Sat. By écherncing s family pf curves for variables
such as groal'phofoaynth.sil, woodcutting and herbicide sptﬁying. ﬁhe actual

patterns followed by the Rung Sat mangroves miy be included.

Steady-state conditions

What would the levels of mangrove biomass be if no spriying occurred and
the woodcutters ;‘t‘ cutcing at tha rate of 3X of the trees pgr‘yﬁar? Pigute
7 shows the levels of mangrove biomass for several ratel'of gross photosynthesis.
Thnle>:ntas were 3.5, 7, 14, and 19 érnms of crgnnicﬂunttar prpduéed per square
metar per day, respectively. To convert these values to pounds per acre, divide
by 0.112. Prqh‘nn init1sl biomass of 5000 gms per n? atcgdy stite levels vere
reached in 8, 6; io and 12 years from the lowest to the higﬁes; rate of gross
photosynthesis.
’ Figures SA and 85 show the effect of uoodc@tting on nangrﬁve biomass.
In Pigure 8a the rate of groaa‘photoefnthesia is 14 gms'per n? per day., 1If
5o mangroves are cut, the mangroves attaln a biomass level of 7200 gns per mZ.
At cutting rates ;f 3i. 30X, 60X, and 300X of the trees, the atéady state levels
of bionass wers 7000, 5000, 4000, and 1500 gus per m?, respectively.
In Figure 8b the rate of gross photosynthesis was lowered to 7 gme per
a? per day. In the absence of c¢-:iting, the mangroves would be able to attain a
. bilomass of 4000 gns per m2. Cuttiﬁg'rates of 3%, 30%, 60%, and 300X, would give
mangrove bicmass levels of 3800, 3000, 2200, and 900 gms per nz. respectively,

at steady state,

Biatad
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- Gross Photosynthesis
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Herbicide intensity

In Figure 9 five intensities of herbicide épraying are shown occurring

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

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

“about 1.1 milMon 1iters sprayed for any one year(”’?éfmfhé_fdfi"fiVé:iiéf’periad’ﬂw;é

this curve would give a total amount of herbicide sprayed of 3.5 million liters.
For curve B the peak level was 0.55 million liters and the total was 1.66 million

liters, Curves C, D, and E gave peak levels of 0.28, 0,14, and 0.05 millfon _

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

Bffect of herbicide spraying

Figures 10a and 10b show the effect of herbicide spraying on mangrove
land and mangrove b*onasc, respectively, when the rate of gross phoéosynthesis
is only 3.5 gms per w2 per day. In Figure 10a the land that the mangroves
cover 1is rcducéd frcm'750 kmz to 615, 410, 245, 140; or 25 km? at total herbicide
dosages of 0.16, 0.45, 6.89, 1,66, of 3.5 pillion liters, respectively., To con-
vert these values to‘icfes multiply'kmz by 247. The times required for fhe land

to be recolonized _by mangroves would be 45, 65, 90,>100 and>>100 years at
' l

increasing rates of total) herbicide dosage.

he effect of herbicide on mangrove biomass. At the
I , .

ide dosage of 0.16, 0.45, 0.89, 1.66 and 3.5 million’

Piguie ~ 10b shows

|

five levels of total herb

1iters, mangrove blomass-

reypectively, from an initial steady state blomass ievel of 2000 gms per a2, The
nnngrofes refurn?d to thg initial i@vel of biomass 16 10, 40, 60, 90, or >100 years
depending on tha total herbicide dosage applied during the five-year period. As
spraying incressed, so did the time for ceﬁplete recolonization to initial steady
state levels, R

Figures 11a and 11b show the effect of herbicide on mangrove land and
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7during'aif£v; yeaf>period. Thii iérroughiﬁrihé nuﬁbérwéf'years wiéeaéféad spray:r N

s-reduced to 2100, 1500, 1200, 700 and- 200 gms per m23'*~*”“~‘w*~‘"”
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mangrave biomas; vhon the rate of gross photosynthesis was 7 gms per m? per day.
In r1igure 1la the land covered with mangroves was reduced to 6d0, 430; 278,
130. or 75 kmz at herbicide dosages of 0.16, 0.45, 0.89, 1.66 and 3.5 million
liters. The times required for recolonization of the land were 20, 35, 5u, §0,
and 80;yei£;7ﬁ;>ap£ayiﬁgrincreased‘from lsvest‘to higﬁ?st raté.
‘Figure " 11b shows the effect of herbicide on mangrove biomass. From an

initial ste:dy state biomass of.3800 gms per n? the biomass level was reduced

amounts of herbicide'dosagé. " The mangroves returned to the pie-spraying-levels
in 10, 20, 30, 50, or 75 yeafs after spraying at the various levels of herbicide.
Figures 12a and 12b show the effect of herhicide on mangrove land and
wangrove biomass when the rate of gross photoaygthesin was 14 gms per m2 per day.
In Figure: 12a the mangrove land arca was reduced from 750 k2 to 660, 470,
310, 160, or 80 kn? at herbicide dosages of 0.16, 0.45, 0.89, 1.66 or 3.5 willion
liters sprayed over the five-&ear period. The times required for recolonization
of the sprayed areas were 15, 25, 35, 45, or 60 years for increasing levels of
' herbicide. .
In Figuze -12b mangrove bicmass was reduced fiom 7000 gms per'mz-to 6600,
5700; 4006, 2500, or iiOOAgmn'per.mz depénding on the 1eye1WofVﬁé§Siciae ippliéi-
tion. The mangroves rgturned fo prgépraying biomcss level in 16, 20; 25, 30, o;

40 years at the selected herbicide dosages.
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r—1~——A»r:-~-——f———~——~-r _ t0.35%00, 2800, 1800, 1200 and 500 gms per mz froﬁx th.e lowest to the highésg e e

: '~ Pigures 13a and 13b shcow the effect of herbicide spraying and a 302

; mangrove land area is ceduced to 655, 510, 350, 220, or 55 kn? at the five levels
of herbicide spplication. The times required for recolonization were 15, 25, 35,

45, or 65 years.

In FPigure ' 13b mangrove biomass 1s reduced from 5400 gms per m? to 4800,

4100, 2600, 1300, of 700 gms per n? at the five leéela of herbicide application.

e g

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

“w_m____,_
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MANGROVE BIOMASS,
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The times required for the mangroves to return to the pfeuprnying biomass were

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

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

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

" the rate of gross photosynthesis was 14 gms per n? per day. The time required

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

available all year, 5 or 3 months ocut of each ynaf. As the nvailability of

seedlings is decressed, then the timc to res.h a otcndy state levcl of mangrove
biomass is increased.

Pigutan ik “15a, 15b, 15¢ show the affect of artificinl planting of seedljnga

on tbe recolonizotion by mangroves. Each figure gives two planting rates of

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

Figure 'ISQ the rgte ot gross photosynthesis is 7 gms per m2 per day and the

cuttiﬁg rate is 3% of the trees per year. Under these conditiona and no additicnal

planting by man,recolonization oceurs in about 80 years. At a successful planting

rate of 15 seedlings per acre the mangroves recolonize in s years and 1&_12 years
at a successful planting rate of 75 seedlings per acre. Success in planting is
10% of the uadlinéé planted. ’

In rigut‘ 15b thl rnte of gross photosynthesis 13 14 gna per n? per day

‘and cutting 1s 32 of thn tte.a per year, These conditions and no ldditional plant-

ing by man result in recolonization by the nangtOVtﬁ in AO-ycnrs.;'Ac cﬁcceasful

planting rates of 15 and 7% = edlingt pcr acré‘per year. times for recolonizntion
were 25 and 12 years.

In Tigure 15¢ thc rate of gross photoayntheais is 14 gms per day and the

cutting rate has been increased to 302 of the trees per year. These conditions

and no additional planting by man rcault i: recolouizution by the mangroves in

60 yeurs. A: succoosful plnncing rates of 15 and 75 leedlings per acre per year

= R

the :imes fot rccolonization vere BOrnnd 12 yenru.
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DISCUSSION .

An important factor that may influence the sizs of a mangrove forest is the

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

__synthesis rapietent”casea,of different nutrient availability. The curves in this

figure demonstrate that in conditions of plentiful nutrients the mangroves are

healthy and f&tn latge trecu. 1f nutrients are lclrce. then the‘mnngroves are

Jow in bionall. Thin would tend to support obaervations that the largest man-

’grovcn tcnd to grov nlong the banks of tidal rivert ‘vhere the curranta constantly

bring nutrients :o the trees. The biomass values at steady state are relatively

low comparad to some values that have appeared in the literature. Golley (i968)
reports a .standing crop of 28,000 grams per square meter for mangroves in Panama
and Lugb and Snedsker report biomass values ranging froi 8700-13,400 grams per

squaze metar for mangroves in rlcfida. For Thiilgnd. Banijb.tanﬁ (1957) reports

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

this simulation was 5000 grzms per square meter from the study by Golley et al
_(1962) in Pusrto Rico.

The low vnlual may ‘have nlao rcoulted from ch:oaing a rate of respitatxon

that was too high. If rctpitltion is very high, tbnn the rate of net produc:ion

.will be low. The uffect of this is to give the low biouaaa valuna shown in Figure

7. Thc lov biounss values cauld regreaent sreas of nangroves in the Rung

- Sat guch as :hosc ureas colonized by tpecinl of riggl, a buah-type nangrove T

that can colonize diaturbod areas. Tbc higher biomass vaiues would correspond

to mangroves groving along the bunk- of the tidal channels.
The curves in Pigure 9 were simulated to.show the effeci that varying

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

10 - 13 this e’ fect can be easily noted. The circles in Figuve 9

indicate the herbicide levals that nctually occurtsJ during e . of the yesrs
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from 1965 to 1970, Curve A in Figure 9 is the closest apéroximatioh to the
actual spraying conditions. The total amount of herbicide sprayed or. the mangroves
of the Rung Satbwas 3.9 miliion liters which compares with the 3.5 million 1liters
af Curve A in Figure =~ 9, For this reéson the discussion will be 1nvoived with
this rate of herbicide application.

At thia”high leygl of spraying and a r;te_qf gross ph9;o§yp5§g§;sﬂof 3.§

2 per day(Figure 10a) the area of bare land produced was 725 kmz

gms per n
or 72,500 hectares. Therefore, the amount of spraying was 48.3 liters per hectare
or 5.05 gallons per acre. This corresponds rougﬁly with the sta:gd‘agplication
rate of 3 gallons per a.re. Under better nutrient conditions (Figure lla) the’
area of bare land ﬁroduced was 675 km?. The herb;cide application rate in this
case was 51.9 liters per hectare. Under possibly nutrient-rich conditions (Figure
12a) the area of bare land produced was 670 m? for an application rate of 52.3
liters per hectare. Since the application rate 1z greater than 3 gallons per
zcre (28.7 liters per hectare), this probably means thaf many areas were sprayed
more than orce.

Figures 102, 1la and 12a show ihat the rate of tecolénizatién can depend
quite strongly on the level of autrienfs available; If nutrients are a problem
as in Pigure 10a, then the mangroves take over 100 years to'reach prespraying
land areas., In.addition the mangroves that do become establiehed‘ate low in ‘

biomass per m? {(Figure 10b). With no nutrient problem, (Figure 12b) the ﬁangfoves

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

12b). , -

Woodcutters Qere also shown to have an impacf on the rate of recovery of
mangroves. The bare land was colonized in 60 years at a cutting rate of 3% (Figure
12a) and in 65 years at a cutting rate of 30X of the treeé (Figuré 13a). Thug
a tenfold incfesse in cutting rate delays the recovery only 5 years, but the bio-

mass i3 lowered by 1600 gms per m? (7000 gma per o2 in Figure 12b and 5400 gms




per nl in Figure 13b). An interesting outcome of these results is that the
resulting mangroves would probably be undesirable for use as charcoal. The
highly prized trees would be coﬁ:inually selected against by the woodcutters and

the poorer valued trees would proliferate.

If the zesults of theae aimulationa are cor.ect, ‘then both woodcutters and

nutrient availability could act to delay the recovery of :he mangroves of the 7
Rung Sat.  The need arises here for data on the level of nutrients in various
‘sections of the Rung Sat. Also, at whaé rate ‘are the woodcutters harvesting the
remaining live mangrove fregs? | A |

Another variable that could very easily be the most important single factor
limiting thé recovery of the mangroves is the availability of seedlings to
colonize the bare areas. Figufe 14 shows very posi;ivdly that {f seedlings are

ouly‘nvailaﬁle two months during each year then recovery rates are extremely

W slow, Recently, E. 8. Knipling of the University of Florida and others returned
from Vietnam with photographs of the sprayed areas. These photographs support
the hypothesis that lack of seedlings 1a the primary reason the bare areas are
-not being colonizea by'mangroves. In these photographs thc seedling density was
cstimated te, be one seedling per 62p of land. When ome stvdi:q the photographs.
it becomes quite apparent thatlaeedlings are not reaching these éteas with any
regularity. Even areas flushed regularly by the tidea>contain very few seedlings,
Some seedlings are present, however. What is the source for these seedlings?

it -eedling‘acarcity is the primary reason for the very Qioq recovery of
mangroves, theA one alternative might be to plant seedlings. Pigurea 15a-¢,
show that planting seedlings will speed reeovery. If lack of seedlings
18 the only problem, then a mangrove forest of adequste biomass is possible very
quickly by artificial planting as shown in Figure 15b. If nuirients or wood~
cutters are the limiting factor, then planting will speed up récovery, but the

steady-state biomass levels are low.
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VALIDATION OF SIMULATION RESULTS AND DATA USED

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

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

to South Vietnum for onsite investigatlons. Golley made several counts of the

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

seedlings w2 in the sﬁrayed area. Golley also counted a density of 46 seedlings
2

per m nlohg the bﬁnka and levees. Farther away from tidal influence, the seedlings

density was only .03 seedlingsrmfgiw Teas counted the number of seedlings on trees

of Ceriops sp. and found a range of 364 to 586 seedlings per tree. Knipling and
Heatherspooﬁ took many photographs from ground lével of the Rung Sat. from these
photographs the area of land in each photograph was calculated and the number

of seedlings counted to give only 1 seedling per 62mZ, In Puerto Rico the

seedling density ranged from 7-35 seedlings n~2.

More detailed analysis of maps for the Ruang Sat (see Ross's text) have
revealed that the total area, including water, is 1050 xm? of which 23% is water.
This would give 242 kn? of water srea as compared to 250 km? used for the simu-

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

- in mangroves prior to spraying. This gives an areé of 535 lcm2 as compared to

700 kmz used in the simulation. A more detailed analysié also came up with 600

2 . .
km as the :orea sprayed as compared to 525 for the simulation.
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e 2. _Model of the mangrove community in the Rung Sat zone of South Vietnam
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Nutrient Models and Perspective on Mangrove Recovery in Rung Sat
Joan Browder, T. Ahlstrom, and M. Sell

After the trees of the Rung Sat were killed by herbicides, their
leaves and wood were almost entirely removed by wood-cuttera; tidal
action, or decomposition, with a loss of nutrient‘contmt. Models that
summarize the orders of m’agnitudeiof nutrients such as nitrogen and
phosphorus pef aree of land are useful for providing some perspective
on the fraction of nutrients remaining in muds, roots, and water.

By comparing the atoc'ks present and those removed with the rates of
flow it is possible to gain some idea of the approximate time required
for nutrient restor.tion, ‘_Preliminary models for nitrogen and |
phoapbbrua are given in pigure 1 . Details of the bases for
estimates shown in the energy diagrams are presented in Tables 1

and 2, More detailed data are being developed in another subecon-
tract by P. Zinke, and additional diagrams and more precise numbers
for compartments and flow rates can be added when totals are available
from that work. o

The mdels are drawn in energy language with some of the main
driving ﬁmctions shown tut highly simplified. Notice that the

phospborus model has a higher percentage of total supply in leaves
and wood than does the nitrogen model. There is an apparent stockpile
of nitrogen in the mud. Therefore phosphorus may be the more liriting
of the two nutrimt‘a in terms of regro;'th. |

The estimates of river inflow are very rough aiapro:d.mations,
pending receipt of better data, If .Le magnitude assumed is correct,
the Rung Sa.i obtaina_ more than emough phosphorus to supply nutrient
needs for regrowth, Even if the order of magnitude were less by a
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“role in incorporating nutrients from the river into the mud, thus making
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factor of 100 there would still be enocugh, Because of the river situation,

the models suggest that nutrients are not limiting. Howeverféalculations

. imply that soll organisms such as algaé and bacteria may ley an important

theﬁ available to mangrove roots. Exchange of nutrient-rich water with
the mud is lisited by the extremely low rate of water penetration due to
fetmanengly'water-iogged conditions (Clarke and Hannon,1967). The ability
pf mangrove soils to supply nutrients for the tee#tablishment of mangrove
§egetation in the Rung Sat may be greatly dependent upbn the status of
soil organisms in the period followiﬁg herbicide application. 1Ip Fig. 2

is the model that has some main aspects of coupling of nitrogen and phosphorus.
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._interspersed with}farmland. e e s

INTRODUCTIQN

Between 1962 and 1969 about 5 mtllion acres of forest land and crop
land in Vieﬁ Nam were sprayed with herbfcides, Agent orahge, containing

2, 4-D andjz, 4, 5-T, and agent white, containing;Z;“g;gjanﬁﬂpicloram,

“were ‘appy/];:(/[ed at rates of 11.7 pounds per acre and 5.6 lbs. per azre res= —

-

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

much of the sprayed areas, recstablislment of the original forest has been

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

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

tion.. Ihe area 1s thought to have been last.szprayed in 1970, Mangroves
vhich once covered about 80% of the area have becen kf1led and the re-
maining dead wood harvested for fuel. Aerfal pﬂotographs taken in 1971
indicate little 5: no seedling grc:th.i; this area. |
Originally the area consisted of a gradient from predominantly red

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

black mangrove (Avicennia _2.) on the 1n1and side. . The sesaward s*de is

indundated daily with salinities ranging from 25 to 35 parts per thou-
sand, while on the inland side inundation occurs ouly during the highest
tides and salinities are sess, ranging between 15 and 25 ppt. The Saigon
River borders the area to the wast. Mangroves still occur to the no;th,

CIimatic dats for the region are scarce, but some data are avail-
lble from Tan-Son-Nhu: (Saigon). Rainfall 1s greatest in September

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

the mean monthly alr «temperature« vary less tnan four degrees annually,

SVt SR it 3% E L s ok iR e s T e e e e 6

s ¥
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Table 1. vMaximum, ninimum, ;nd mean monthly air temperatures (°C)
and mean precipitation (am) for Saigon, Viet Nam (after
Cooway (1963) and Cuong (1964)).
o s G WIS e A prectptaion
* January 32 o 17 26. 6
February B 33‘ 18 25 . 3
March 36 19 27 6
April | 33 - 20 .28 ' 55
¥ay LTI 18 28 200
June ' 5 18 26 - °205
July . 33 18 28 . 200
August 32 18 25 184
Septevber . 33 . 17 28 198
Octcher 1 o 2% 202
November a 16 24 64
. December 1 18 24 38
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_ sophy used in this modeling exercise, The

Solar radfatfon remains at about 325-375 langleys day~1 most of tlelyear

because of the constant cloudiness. The sunniest menths, February, March,

and April a:é also the driest (Table 2), with the daily radiatior

total incféasing'to 400-450 langleys day-l.

or possibly npt.at all are not yet known.

culate ss to what is currently happening.

r

It 1s however possible to spe-

The purpose of this paper is

te bting together existing knowledge of tﬁe area in terms of climatalogical,

geological and physiological chara Ceristics in corder to attempt tQ under-

stand the procegses and 1nterac:ion ' zxuenc;ug :aueve;ogucut i the Buro

Sat area. The methdd we shall use 1s digitai modeling. Without giving

an extensive review of the history and validity of digital modeling)
digitgl modeling as a iéchnique in un#ers:andiAg relationships and
interactions within a system, whether it be biclogical, chemical,

or phyaical, has demonsirgted itseif in the past to be a useful tool.

" K model 1s onliy beneiicial if 1i’helps to ciarify our understanding

of relationships within a systen. A mocel

is mast useful 1f 1t util&zes

relationships and parame:ets which can be measured. Also the model ‘hould

yield insight into the processes of fha system that 1) require further

{
| §

investigation and 2) are most crucial.to the system. This is the philo-

recorded 1n the literature a-d from field reseatch on mnqgroves car**ed

out in south Florida on an A.E. C. contract.

Althcugh the reasons why mangrove vegetation is not recovering ir

;mcdel,is,based cn,data: L

is recovering very siowly are not clear, several hypotheses that could be

T e T T S 2 RN S Wt

__The reasong why. thermaugrove vegetaticn i= recovering alowly - T
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Table 2.

Mean monthl values of %o
ftm:lthe Cep*. of Cowuerce (1968).

tel snlar radiation for Saigon
Units are langleys

day .
Month Mean Langlevys

January 350

~ Pebruary 422
Mazch i 456 -
April 438
May 368
Juae 391
July 386
Angust 369
.Scptember 356
October 33s
November 316
Decenber 316
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tested using'digital simulaticas were conscructed. These hypotheses -
are'atteﬁﬁts‘to‘deiiﬁeate the physical and bilological processes acting

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 new microclimaté wiil then influence all of the vege-
tation attempting to establish in that area. Four principal hypotheées

were constructed to be tested by the digital simvlations., These were:

Mi} »Sﬁifacé>£E£§étéiQf;;mi;€ﬁal to PrOpaguics ane oe;ﬁlinga uay be
produced at certain times of the year.

2) Eigh leaf temperatures may be reached in the exposdd seedliﬁg
canopies causing a decrease in net production, and if leaf
tempera;urés.are kigh enough, an increase in seedling mortality.

3) The substrate surface &ries faster than the wmangrove segdlingg

can grow rnoots, and the propagules dle of desiccation at certain

-

times of the year, 7
4) Low immigratioa anl hizh mortalities result in slow propagule
establishment and reforestation. ‘

Predation by man and herbivorous animals were not considered,

. ror was competition betwe:n mangroves and cikar species, such as grasses,

because the principal constraint on the mangrove redevelopment was thought
to be due to envirommental factors or to physiological respcnsas.
Two modeling approaches were undertaken: a total ecosystem model

wvhich simuiates the sadevelcpment ¢f mangroves over a span of several years,

and a detailed physical and physiological respouse model (CANOPY) of man~

grove-sr-irenment interactions, which simulates a period of twenty-feur hours.

$
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Description of each medel and a discussion of the data base, simulation

results, and conclusions are presented separately in the following section.
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DESCRIPTION <7 [ME DETAILED PHYSICAL AND PHYSIOLOGICAL
BESPONSE MODEL-

. I. CAXNOPY
CANOPY is a canopy-microclimate-primary production model which
estimates houfly values of net pfimary production and trans#ira;;on by
ltiata throughout a canopy. CANOPY calculates the microclimate of the
strata and then evaluates the e££a¢t of the microclimate on the vége-
taticu. The model will be discussed in two parts: 1) a des;ription of
' the processes influencing the micrometeorological profiles and 2) a des-
_eription of the processes infldencihg leaf temperature and primary pro-
{uction. | ' _ .
To best understand how CANOPY works, we will briefly run through ona
cy.le of the program (Figure 1). This descriptifon is given here in order
to iiva tha reader an idea of the procasaes and interactions involved in fhn |
nmodel. Input data necessary for CANOPY include hourly microclimate values,
canopy leaf ares diatributions, and physiological parameterz for the apecies
bcing rodeled (Tables 3-5). Eouzlyicalculnticns are then made on the pro-
cesses within ths cancpy which influence priﬁary production, transpiratiom,
?nd cnefgy exchange. Short wave radiation penetration through the canopy
is calculated as described by Miller (1969, 1972b). Tranapiratiom, internal
leat vater status, and vater uptake rates ara then calculated. The profiles

of microciimatic varisbles are determined by a modification of the modal

__discussed by Waggoner and Reifsnyder (1963). Leaf temperatures are calcu-

lated by an iterative golution of tha lékt energy budget., PFinally, net photo-
syu:?eéia is eszimated, Hcurly summaries ave printed, after yhich the model

proceeds to the next hour with the information needed from the previous hour,

A flowchart of CANOPY appears &s Figufe 1a,




Figure 1.

7
;
/ 1]
/
Input Data
’
Begin hourly calculations: ‘
s Calculate by strata throughout the canopy. x ;
1. Short wave radiation ) )
2. Transpiration stream variables 3 :
3. Microclimatic profiles E
4. Leaf temperatures
S. Net photosynthesis -
6. Hourly output
YES-
: lnnzy summaries
3
General flowchart of the program CANOPY. !
3
f
!
B
B
P
|
§
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Table 3 . Microclimate input data for CANOPY. All values are for
Fadiation dre cal cu? minLs for sir bumperacure dugrees
(r::lliul.tor vapor density g m™3, and vi.n:pvelocity cn secL,
Yebruary ;unny *
o e .
1 0 0 0.60 3.0 190 60.
2 0 0 0.60 220  15.0 0. |
R T 0 0 0.60 21.0 19.0 60.
4 0 0 © 0.60 £ 20.0 19.0 . 60.
5 0 0 0.60 19,0 18.5 60.
6 0 0 © 0,60 20.0 19.0 80.
7 0.10 | 0.10 0.60 21.0 19.5 100. _ﬁ
) 0.50 0.0 0.60°  24.0  20.0 125,
9 1.00 | 0.20 0.60 27.0 20.0 150,
.10 1.15 | 0.25 0.60 29.0 20.0 175.
u 1.20 | 0.30 0.60 1.0 20.0 200,
12 130 0.3 0.60 32.0 20.3 225,
13 - 120 030 0.60 s w0 . 250,
W 125 030 .. 0.60 0.5 2.5 200,
1s 1.00 |0.25 0.60° 3.0  20.0 | 175.
18 1 0.20 | o0.25 0.0 30.0 20.0 1s0.
17 ©0.50° | 0.20 0.60 29.5 20.0 150.
18 ' 0.10 o‘. 10 0.60 29.0 19.5 80.
13 o o 0.60  28.5 19.5 80. |
20 0 0 - 0.60 . 28,0 19.5 60.
21 o o 0.60 27.0 19.0 60.
2 0. Zo 0.60 26.0  19.0 60.
23 0 0 0.60 25.0 19.0 60,
2 [ ’io 0.60 260 19.0 60. ’
s e e . - _ e = gy = 4

\
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Table ?. {continued).
i‘ebmarl' average » .
Houe Total Diffuse Infrared ALy Alr Wind
aohr solar from sky temperature vapor density velocity

N A T Y 0.60 22,0 19.0 " 60.
2 0 0 0.60 22.0 19.0 60.

! 0 0 0.60 220  19.0° 0.

4 0 0 .60 22,0 190 &

5 0 0 p.éo. 23.0 19.0 60.

6 0 ) 0.60 24,0 19.0 80.

7 0.10  0.08 0.60 25.0 19.0 100

] 0.40 0.20 0.60 26.0 19.0 125,

9 0.70  0.30 0.60 27.0 19.0 150. -

10 080 0.3 0.60 27.0 19.0 175.

1 11 0.90  0.40 0.69 27.0 19.0 200.

g 12 110 0.5 - 0.60  28.0 19.0 225,

| ‘ | 13, °  0.90 0.60° 0.60 28.0 - 19.0 ' 250,
{ & 14 . 0.80  0.60 0.60 28.0 19.0° 225,
| " 1s 070 0.50 0.60 20 10 00

. 16 0.60 0.40 0.50 27.0 19.0 150,
el 13 0.0 0.30 - 0.60 —— 27,0 19,0150,
18 0.10  0.10 . 0.60 26,0 19.0 100.

' 19 o o 0.60 26.0 15.0 80,
20 0 0 0,60 © 23.0 19.0 60.

, 21 0 0 0.60 24.0 19.0 60.

! 22 0 o 0.60 . 23.0 13.0 - 60.

2 23 0 0 0.60 22,0 19.0 60.
» 24 0 o 0.60 22,0 15.0 60.

At v i L e bt RS s S S e e
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. Table 3.‘ (continued),
&! lunn!

Hour . ::;:: | Diﬁ::e » ::ﬁ:a::: tm:::ntura u:t: den. \‘gggcity
1 0 0 0.60  25.5 24.0 60.
rrr-m—«—f-—w—v«z-»-»%!—'—f&~M' 0T 060 25.0 T 24.0 60.
3 0 0 0.60 . . 26.5 2420 60.

‘ 0 o 0.60 24,0 24.0 60. *
% 0 .0 - 0.0 . 200 2.0 _ go.
6 0.05 . 0.08 0.60 - 25.0 240 80.
7 0.33 0.0  0.60 .28.0 26.0  00.
s 0.7  0.20 .60 31.0 24.0 125,
o 110 3.5 . 0.60 3.0 2.0 150.
10 115 0.60 0.6 3.0 2.5 1s,
u .00 .0.70 .  0.60 35.0  2%.5 200,
12 0.90  0.70 0.60 3.0 M s,
L <1 0.80  0.80 0.60  33.0 245 250,
o 1 0.70  0.70 0.60 2.0 250 225,
. 15 0.65 0.5  0.60 a0 200.
¢ . 16 0.60  0.60 0.60 0.0 1s0.
17 0.50 0.5 0.60 29.5 150.

18 040 0.40 0.60 . 290 - 100, -
19 0.10 010 0.6 28.5 80.
22 o0 o 0.60 28.0 _ 60.
2 0 0 0.60 2.5 24,0 60.
22 0 K - 0.60 . 27,0 24.0 60.
23 0 0 .00 265 24.0 60.
- % o ;.,°\ . .0.60 %.0 25,0 - 60.
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Table 3. (co;ztiuued).
. . H.a! average *
i - Bnut ::::iﬂ _ﬁii:“ i ";:::a::v; tegn:::ature v::;zr den. :iﬁci:y
1 0 0 0.60 26,0 - 24,0 60.
2 0 0 0.60 26.0 24.0 60.
3 0 0 0.60 26.0 24.0 60..
"4 0 ) 0.60  26.0 24.0 €0.
s 0 0 0.60 26.0 24.¢ 60.
6 0 0 6.60 26.0 24.0 80.
7 0.20  0.10 0.60 26,0 . 24.0 100.
; s 0.50  0.30 0.60 28.0 240 125,
9 0.70  0.40 0.60 29.0 24.0 150.°
10 0.80  0.40 0.50 30.0 | %0 1S,
u 0.70 0.60 0.60  30.0 24,0 200.
. 12 00 070 0.0 30.0 . 2.0 225
.é | 13 0.60  0.60 0.60 0.0 20 250,
1. 0.60  0.60 0.60 30,0 24,0 225,
©1s 0.5 0.5  0.60 10 240 200,
oo T od0 ok os0 .0 a0 .
v w T eas o.s 0.60 - . 30.0 24.0 150,
j o i 018 oS 0,60 29.0  24.0 100.
| i9 0.00  0.10 0.60 28.0 26.0 8o.
. 20 0 0 0.60 27,0 24.9 60.
| n 0 0 0.60 21.0 24.0 60.
. 2 0. o 0.60 _ 27.0 24,0 60,
| 23 0 0 0.60 27.0 24.0 60.
o 2% 0 ¢ 0.50 26.0 24.0 60.
4 i ) T I
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_ Table 4, Stand structure used in the CANOPY simulations. The

total LAI is approximately 0.45. Strata 1 is at the
top of the canopy. The actual data is hypothetical,
but canopies of similar structure are found in man-

grove swamps.

Strats Leaf Area Index Leaf angle (*)
1 -.002 o 60.

2 050 , 54,

3 075 48,

(9 100 a2,

s 100 . | 36.

6 075 . 0.

7 0% 24,

8 .003 18,

[P, "
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Table 5.  Physiological inéut parameters to CANOPY and values used in
All data are for Rhizophora man~le.

e : the simulations.

.

Variable

Symbol Value Data Source
nimun leaf resistance - rp, .- - . /0.04 min ew! " Miller and Ehlefinger(1972
uticular leaf resiscance Feut 0.50 min Cﬂ.‘l Hi,ll.er' and Ehleringer (1972
hotosynthesis 1ight : }

parameter ap

hotogynthesis light

2.5 e 1y(g00,)"t

Milier (1972)

Miller (1972)_

Miller (1972)

Moore,et al. (1972)

Miller and Ehleringer(1972;

Miller and Ehleringer(i972:

-Miller and Ehleringer (157:

Miller (1972)

Moore,et al. (1972)

Moore,et al: (1972)

Moore, et al. (1972)

Hypothesized
Hypothesized
Bypothesized

. parameter bp 0.03 gCO'zlycmz
sorptance S e 0.60 _
mesophyll resistance Tore 9.30 min cu *
coot resistance T, ' 0.2 win cm.]‘bar‘l
stonatal light parametex D 14. lyf'_ln:ln
lfaf résistance parazsetar X 16,
x -
. ssturation leaf density DI 50 ng ca 2
\ ‘ Photosynthesis System 1
leaf temperature v/ 0.0 net
]’ photosynthesis Te 10 *c
lekt :mperi:ute w/ 0.0 net
photosynthesis T, - 37°%c,
.optinum leaf ':empera'tnta' Toot 27 *¢c
_ for photosynthesis = .. . LA S )
Photosynthesis System 2
\ o T S 10°%
‘ "l‘. 40 'C
[
\ T opt . 30 °c

é‘
Q'

b
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CANOPY 1nc§fp_$rat§s several digital models which have been or are being
:i.e-sc'r-i.ﬁed in the literature. These are: 1) 3 model to describe solar
.ndiat.ion penetration into the canopy from Miller (1969, 1972b); 2) a

model to estimate net primary production, leaf tmpetatutea,‘ and physical
"pr’olceues within a canopy from Miller (19723} ard Miller and Tieszen (1972),

3) 2 model to describe water relations within plints from Miller :md

Fhleringer (1972), 4) a model to calculate microclimatic profiles from

7i'lalggoner an& ﬁéifsnyder (1968), and 5) & model to calculate soil tempera-
tutéa, soil water Eonténc, and thg novement of heat and water in gaturated
and :nonut'urated sbils from Ng and Miller (1972). No attempt will be made
.here to give s complete description of the models &3 more ccmplete discussions
can bc found in each respective paper. |

CANOPY 1s an updating of these models, incorporating equationa wvhich
e;preso a more detailed mechanistic underatanding of proceases affecting
prhury production than were discussed in the Miller (1972a) primairy production
lodel. These additional equaticns will be discussed later. CANOPY is further

Iodified to simulate processes affecting primary productinn and revegetation

of mgrcves -in the Rung Sat Deltn, Viet Nam.

. Specific features of CANOI. -or tha Rung Sat simulations ‘include the

hypothuized effects of herbicides on pho:osynt}‘esia and the effsct of salt -

water on the soil vater potential and on tnnspiratipn._

s I1. MICROMETEOROLOGICAL PROFILES

Kicroueteorological profiles are czleulated by four sv'— .dels: WAR,
RAIMOD, SOILT, ahd INFRA. WAR is the submodel to calculate ajir tempera-
ture and vapor densit} profiles, modified from Waggoner and Reifsyuder (1968).

RADMOD 1s the Miller (19572b) submodel fot calculating short wave radiation
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!

profiles within the canopy. The submodel for the calcuiation of values

" for soll varlables is SOILT and is adapted from Ng and Miller (1972).
‘ IK?RA is a submodel which calculates infrared radiation profiles,

| leroclimatic inmput data to CANOPY, we need 24 hour values of
S IS T we need <4 hour
S o total ahott vave radia:ion diffuse short wave radiation, iafrared radiation
; |

|

| ! } from the sky, ait temperature, and the vapor density for a point just above

the canopy. Given also the leaf area, leal anéle distribution, and the

2 --declination of the sun for the 24’h6ﬁ2'ﬁetib&,ﬁthé'mié£béiiﬁéfi£hpréfiles
} ' for air temperature, vapor den31t§, and short and long wave radiationm.
% Utilizing the canopy leaf area distributiomns, RADMOD calculates profiles of

direct, diffuse, and reflected radiatien.

' The WAR submodel uses as input the solar radiation profiles, air tempe-
f ; rature and vapor density above the canopy, the soil surface temperature, the

vapor density juat above the soil surface, and the profile cf diffusive leaf

reeistances. The values for the profile of leaf resistances come from the

transpiration stresm calculations por:iom of CANOPY. Soil temperature and

; L vapor density just above the soil surfacc sre calculated by SOILT.

J calculates the gurface temperat

SOILT

e, soil vater content (volume/volume), soil
suction, and soil water poteatia s (bars) to « dep:h where daily fluctuations
Rk

'

no longer occur,

‘The WAR submodel then proceeds to itera:ively solve for the air tem-

perature and vapor density profiles while leaf temperatutea are being cal-
culated. An intermediste infrared radiation submodel INFRA shpplies cal-
culated values of infrared radiation from leaves, grbuﬁd, and sky to the

Jeaf and zir temperature calculations,

" |
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I1I1. LEAF TEMPERATURES

Leaf teuperature calculations are based on the heat tzansfer equation
for a single leaf (Gates, 1962; Miller, 1967) which states that in an
equilibrium state the energﬁ abgorbed by a leaf equals the energy loat.
Moreover th§ ;ﬁsorbed energy from solar and 1nfrarea radiation and con-

vection is lost by reradistion, convection, and trinspiratinn. Tt.xus

18+tIR-II +C + LE Q)

-

vhere: a is the leaf abaorptance to solar radiation; S is tha solar ra-
diation incident on the leaf; ¢ is the absorptica of the leaf to infra-
red radiation; IR is the infrared ndiation frc the eavironment incident
on the leaf; IR, is the infrared reudia:ion by the leaf; C ia the con-
vectional energy exchange; L is the htent heat c¢f evaporation; and,
is the evaporation rate.

Bach process by which energy is lost from the leaf depends cn the
leaf temperature. ’rhus if ths luf texperature is T, 1a 'c, .

m, = ealr, +273.)% 7 - \ @
. B TR AL 5 L L e
Ee G, g -0 4T W

i _whera: o u,_:hé Stafan Boltzmann constant; ,hc, is the convection,coeff.i-r,_,,,, L

cient; p...rl is the iaturatli.on vapor deasity at leaf ta:peature; Pa is

the vapor density of the air; Ty is the leaf resistance to water loss;
and, r‘ 1s the laminar boundary layer resistance. Once the absorbed ra-
diation 1s known, leaf temperature and trunspiration can be calculatesi hy

solving the aﬁove equations simulianeously by iteratiom.

.




"~ "1¢, PRIMARY PRODUCTION CAJ.CULATIONS

v w

The net photosynthetic rate is a good index of the rate of primary _ ;
production. This being the case, we focus our model of primary production
on determining the rates cf ast photdcynthcsis at the different strata
vithin a canopy.A The physiologicallleaf parameters determining the rate
of photosynthesis become quite important. If a model i8 to accurately z“
nulate photosynchesis, it mugt also accurately simulate those parameters =~ '
Hhich indirectly determine the rate of photosynthesis.
. C Net photasynthesis iz related to the abscrbed solar radiation, atmos—
' i-_ ) phecic carben dxoxide ccntent leaf resistance, boundary layer resistance,
| and nesaphyll resia:ance by tha equacicns.
{ B =S T S

L  (modified after Gaastra,. 1963) )

ST r + L56r, brpo oo

ke 1o Rkt o S

C g ) (aes bp)" h Gionteith, 1965) )

where: PH 1s the unadjusted net photosynthetic rate; [cozj‘ and [CO;]

=

c:e_:hc carben dioxide concentrations in the air and at the chloroplasts; L
. 1s the mesophyll resistance to carbon dioxtde transport; and, a_ and b_ are
Huﬁgc:ggggcggAgﬁp;g;ggily;derived from the photosynthesis light responee~curve:“"“““”4"‘""

The leaf resistance to water transgfer is modified for carboh dioxide diffusion

by multiplying by the ratio of the diffusion coefficlents of carbon dioxide

and vater. e EeET oo ilion

leaf temperature and herbicide influence net photosynthesis tarough the

equatfons:.

\ - Py = @) (3, = T/ (G = T) -

|
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_ where: P

NT is the net photosynthetic rate after the effect of temperature

is included; T, is the leaf température at which net phototsynthesis equals
.zero; Tapt is the optimum leaf temperature for photosynthesis. There are

two values for T,, one on either side of Topt' The one used depends on which

side of foe optimum leaf temperature the leaf temperature falls.

PNTB is the net photosynthetic rate after the effects of the -
ﬁerbicide have been included; H is the relacivé effgct of the herbicide on
photosynthesis; b relates the herbicide concentration to its effect on the

photogynthetic process: h is the initial herbicide concentration; k is

the dccay coefficient for the herbicide; and t is the elagsed time since

the herbicide appli:atiou.

5" | Net photosynthesia s first calculated by equations (5) and (6),
‘:nd the smaller of the two values is taken as the actual value., This

nllawa photosynthesis to. be limited by both light and by carbonm dioxide

diffusion. The calculateg value of net photosynthesis 1s then corrected

£or the effeccs of leaf temperature and herbicides. Temperature aand

hetbicide effecta are assumed to be 1ineaz.

Liuear interpolation fuc
the temperature effects on photosynthesis yields a fair approximation to the

temperature response data of Moore et al. (1972).
‘ " Net photosynthesis for the canopy 1is calculated as
il el IR

Py =1 ('p )\LAI ) (10)
B c
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where: TPT 1s the total net photosyntheais; L?NTH is the net photosynthetic
rate at the i-th level; LAIi ia the leaf area index at the {~th level; and,

n is the number of lev:ils in the canopy.

7'V, TRANSPIRATION STREAM CALCULATIONS

Water movement out of the leaves is related tc the faéor den;ity.gra-
dient and to the resi;:ances to water diffuaion by the equation as p?e-
Yié#ily dggcfibe@jﬁiieqnaéion (6),‘ 7

~ Intern:l leaf water status is dependent on the les?f water-dgficit.
:ﬁis is the relative saturation deficit (Barrs, 1968) from the fully
turgid state., It is éxpressed.as a percentage and is related to the.

transpiration and water uptake rates as

..... S . .- - - X B

‘. . T -1 : . s . . !
Cmewmgentenage

vheret"wbi and WD are the leaf vater deficits at time t and time t-l;

t=-1
Dr'is the saturation leaf density, and th is the water uptake rate. The

saturation leaf density is defined as the fully turgid leaf weight per square

ceatimeter, ’ . ' : -

The leaf water potential is calculated as a second order regresslon

from the data of Miller and Ehleringer (1972). The regression is
T ey = 20,78 = 046w - 0.0350F )

where $z i3 the lesaf wzier potential. : PR

The water uptake rate iy calculated using the Chm's Law analogy, where

~ the pqténtial driving force is the water potential gredient between the leaf .

and the soil, Resistance to water uptake is offered by the roois and the

.. . SRV Y G U U QU
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The uptake rate is als> mnderated by the relative surface areas of the

roots and leaves. Tlus,

L G(W. -9/ + t.? : (13)

l .
vhere: a is thu ratio of root to shoot surface areas; b, 1is the soil water
potential; and, T, and T, are the resistances to water tvansfer of the roots

*

and soil respectively. These resistances sre assumed to be constant.

So1l water potential is rslated to the seawvater and is herein sssumed to

contain only sodfum chloride, so the equaticn for scil water potential sim-

" plifies to,

v, =88 473 S . S D)
vhere: 8 is a conversion factor relating mean soil iuction-ts )':o vater
potgutial yiz a convcrnion factor relating wmolarity of nodiun chloride

Eo water potential; and s i; the salinity of the seawater.

. Leaf resistance to water 10-: is ralatzad to tha lolxr radistion ab-~

-

' lot“sd by thc leaf and thn 1n:ernal water -:a:ua by the. cquatiaa,

.e;t-aS(gHD'fmx) ‘ I
ri {from Miller and Zhleringer, 1972)
- - 1""5@) R B (15)

-

vhere: Teut is the guticulaiuresistance, the resistance with the stomata

V;anpletily closed;:g and m are constants telnted,toAthcmn§ta: deficit at

wvhich the mintmum r2sistancs occurs; x is an expcnen’ rclated to the steep~

- peas of the leaf rcsiztance~vater deficit curve at higb aatex deficits; and,

D is & parapeter related to :he stomatal cpening with ligbt.

Transpirntion stream calculations commence with :he calculntion of the

-
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- ¢onditions underwhich the system will easily survive, Accordingly, four

(350 15}, and a sunoy May day (500 1y) in which the maximm monthly temperature
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the leaf uater deficit, based on the transpiration rate and water uptake
rate of the previous §etiod. Calculation of the luaf water potential
follows, afterwhich the leaf resistance can then be calculated. The soil
water potential and uptake rates are calculated after the leaf resistaace,
Transpiration is solved for iteratively as the leaf temperature is being
calculated. Total water loss by the csﬁopy 1s calculated in a manner

.

identical to tha caléulation of net photosynthesis in equation (10).

VI, CLIMATIC INPUT DATA

The CANOPY simulatioﬁs used qiinata 4ats for the m !.: of February
and May as input data; These two uoqths were chosen as they represent ex-
tremes in climate condit una. February is the drinat and one of the sunniest
months of the year, whereas May is one of the warmest and cloudiest months
(Tables 1, 2).

If the envircnment i{s too harsh for mangrove seedling su:?ival, then
:ﬁ:%ugh the aimulation of the primary producticn-pracasses on these extrems
months insight into the potential reforestation problems may be gained. Onr

interest is in teating conditions vhich night be straining the aystem, not

input days were used in CANOPY simulations, These were an iveragn February N

day (450 ly),ltn extreme suﬁny February day (600 ly), the average May day

-

" was reached, : . R e

- -

The probabilities of having the sumny February day or having the sunny

May day sre not known, because we do not have daily temperature records for the
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r7es. By comparisvn though with climates of other areas we put forth the

possibility that the chances of having these extreme days could be betwcen
0.25 and 0.10. '

RESULTS AND DISCUSSION

Canopy 5imulation

A series of simulations ware run using the four climate days previously
described. Additionally, two different photosynthesis temperature rasponse
curves (Table 2) and three diffsrent substrate salinities were simulated.

Two different photosynthesis teaperature ‘tuponu curves were used as the tempera-

.
ture adaptations of the Viet Nam mangroves were not known. s temperature

t
response curve for the lower optimum tempsrature has been measured on

Rhizophora mangle in scuth Florida (Moore et al., 1972; Moora, unpublisbcq data).
The temperature response curve with tha higher optimum ‘tu'pera:ure vas used as it may
be & more ressonable adaptation by mangrovas to the warmer and .-ou stable

climate of Viet Nam. These resulis provide a complete matrix for compara-

tive purposes to dl!gcrcnt locations along the salinity grsdient of the Rung

. ]
Sat Delta arsas.

The soil characteristics and proparties used in the simulations were
' that of a clay soil. Zinke (1972) after visiting the Rung Sat area describes

\ l‘ ‘ the soil as being a silty, clay soil. Thers is s small dufa"r‘cuce in the two

, soils, but becsuse the physical properties relating to the clay soil were the
coly ones available at the time of the simulaticns, they wers the ones used.

In the current simulations, it was also assumad that the soil surface was _
} sdturated, but not inundated. In essencs, this is ss,ing that the soil water
potential is equal to the solute water potential of the incoming tide.

The leaf zrea index for these simulations was 0.45 which roughly cerres-
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poads to a scedling density of 40 individuals per square meter. This assumes

that each seedling has four leaves, and that each leaf 13 approximately 30

cm? 1in area (Table 4). This leaf area 13 used ouly for purposes of ccavenience

in ﬁhe simulations. In actuality, the appropiia:e leaf area would be less
than 0.45. The main idea to reagmber is that in swall sparse canoples, such
as propagule canopies, the principle interactions are be:wéen the climnte
and the leaf, not between leaves. The use of & canopy with a leAf area in-
dex of 0.45 is small enough that interactions between leaves are still small.
The effect of herbicides in tb;;e simulations is assumed tc be zero.
This was done partly for simplificatihn of the model, but mostly because re-

sidual concentrations, if any, and decompoai:ion rates were not knowa.

The firat simulation results ave estimates of productivity, tramspiration,

and the internal physiological response to the faur microclimate days., Com-
paridé the February sunny 4ay with the average February day (Figures 2-5),
it appears that net photosynthesis on average days is three timas'highe: than
eﬁ'puany days  (0.232 g 0.M.m 2day ! vs. 0.706 g O.M. m 2day ! at a 9;11-
nity of 12%,). From Pigure § it can be seen ghat the reason for this drop
in production 1s that the leaf temperatures on.tbe sunny day are wmuch higher,
Tfangpiratiou iz muéh higher on the sunny day as expected, but tramspiration
does not drop off as steeply when the salinity is increased on the suﬁny day
as it does on the shady day. This suggests that on sunsy days the role of
solar radiation intensity is more important thaa that of substrate salinity.

Hangroves on the sunny February day are under more water stress (Pigurs 4)

"and this in part is reflacted inAthe higher leaf temperaturess, Net photo-

synthesis appezrs to be almost constant with increasing salinity on both

e o R A e b
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Legend to Figures 2,3,4,5

average February day
sunny February dai
average May day
supny May day

literature photosynthesil temparaluzre response curve

hypothetical photosynthesis temperature response curve
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fabrunry days. There 1s,however, a slight pesk ia p;oduction ar a salinity
c? tvzaty par:s'pef thousand.

A comparisen of the sunny May day and the average May day shows
similar trends. The dissrepancy im production has increased so that on
the average day the net production is five times greater than on the sunny

day (0.098 g 0.M. w2 day™t ve. 0.542 g O.M. w2 day  at a salimity of 122.).

' The difference is decreased when the hypothetical photosynthesis temperature

response curve 18 used. By simply shifting the photosynthesis temperature

responge curve to the right three degrees C, wﬁ have lowered the difference

.o - - -2 o §
down to a factorof two (0.679 g O.M. m zday 1 va. 1.065 g O.M. m ) day

at 12 2,). 0.5 g 0.M. ﬁ-z da;rm1 is gained by.shifting the response curve
bccause‘leaf temperatures are 9 the right of the cptiénm temperature and

in a zore whea production is senei:ive.to leaf témpe:atura. Tzamsplization

o éha sunny May day cowpares well/wich transéiraz;on of the suony Fabrusry day
Céiéﬁza‘2). Hewever, transpitation on tﬁe avarage May day ig much lower .
than acy of the other days becsuse the leaf tesperaturas ware ot abnormally
high and the air vapor densily was high, zeéning that the vapor demsity gra-
Qianz between leaf and air was low., Minimum leaf water potentials exhibit

sigiiar trends (Figure 4). The bigheet minimum leaf water potentizl and the

 lowest trauspiration were on the avarage May day. Tals is beciuse the vapor

density gradient is lcwest then,
© Water stress can exist during either ﬁcnth. Iz cAn occur in February,
because of the higher radiation loads and éhe drier air. It can occur
ia Mey decauss of the potential fof high leaf tem;arat;rﬁs.
The possibility of high leaf temparatures is interéa:ing for several
reagong, First, bigh leaf temperaturss place a étress cntthe physiological

*

o by v
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processes of photosynthesis and transpiration. Secoadly, high leaf tempera-
tures pose a threat when temperitures approach or exceed the lethal limit of
the plant. Just exactly what the lethal limit i8 we do not know. One would
suspect that the lethsl temperature is close to the meximum temperature of
positive net photosyntiiesis. Once this tgmpefécure is pasged the respirati#n

rate ia very high and the breakdown of enzyme systems is occurring, Miller

{1372¢) has limited dh:a showing that secdling mertality in Rhizophora mangle from

south Fl&rida starts when the temperature exceeds 36'C. v

I1f high temperatures ars not immediately lathal, then thers still exists
tha pcssibility that some physiélogical functions in the developing propaéule
may have beenlimpaired and that death may occur in later development. The
imnediate effects though of nigh leaf'tempetatures other than death are water
stioss through excessive transpiration and a decrease ia the et photosynthe-
tic‘zata. Following the daily course of leaf resistanca, leaf waler poten-
tifl, leaf temparature, and the photosynthetic rate for each of the four days

will perzit us to obsezve how close to a strzas condition the leaf is. Pi-

. gures 6-9 show thbese physiological responae§ for the four climate days at

a substrate salinity of thirty parts per thousand. The photoaynthesis-tem-

perature response curve used is the one measured by Moore, et al, (1972)

for Rhizophora mangle. Across each graph a dashed line for a leaf tem-
perature equal to :hi;ty—six deéreee is drawvn. This corresponds to the
potential lethal leaf temperature. - | -

Potantial lethal temperatures are reached for four hours on the May sunny

climate and for one hour in the February sunny climate, No lethal temperatures
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Legend to Fivuteé 6,7,8,9

net photosynthesis
leaf temperature
leaf water potential

leaf resistunce

mg CO2
°c
bars

min em
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1
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hr™
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appear to e resched on tha averags clizmate days. Excessive vatar siress
reflected in stomatal closure hardly oecurs on tha May sunny day.
The input parazeters used may be underestimated here, and in reality, water

stress say be more pravelant than the model would predics.

~~ - The model predicts about a 7-10 bar gradient between soil and leaf

water potantials. As the soil continues to dry this gradient will increase,

placing the propagule under additional water stress. Tae frequen&y cf io~-

~ undation will then play an important role in the mangrove propagule water

telations. As tha soil 1s a clay, infiltration will be slow and the soil
vill achieve a low water potential at volumetric conteats as high as 20%.

S0il Moisture

Thesa points suggest that perhapa the soil may be limiting the revege—
tatior rate. It 2ay be possible that the scil is drying out so fast that
ptc@ngules ara eithsr vnebls to sgtablish themgelves or that the soil xmois-

ture svaporatas befors tha propagulss can vtilize iz, because of thae ra-

diation losd on the scil aurface. Simulations were performed to follow

tha vater content change for tha open soil surface for each of the four

days. These simulations were done using thres inirlal

soil water contents
gvuluan HZOIanuae so0ii). These wers 30%, 207, and

1153. Thase correapond

. .
to -4, ~9, and ~15 bara scil water potential rempac%&vely. The water cuntent

- after . tweniy-four hour period is noted and a pz:c%%ﬁagg changs iz eslculated
(Table §). ’ '

The resuslts 1ndicate.th$: tha watey conzenl éropﬁ off quickly from
the saturated state. By the tima the water content reaches 203, the rate
of water loss‘hag Qe;ama guall.q‘éz a qnter content o: 152, water loss.
during a tweaty-four hour per%pd 45 nagiitle. This water content has

a water potential of -16 bars. Additionslly, we must add to this the

Nl [
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Table 6. Estinmstes of the rate a¢ which the soll surface is
drying out under open sky conditions and a: different
water contents for the three test days. Water content
is ia volume/voluze,

Initial water coatent water content percent chang
Climate type at the beginning of the day after 24 hours in one day

. Pebroary sunny 0.300 0.276 8:02

‘ 0.200 0.129 - 0.3

' 0.150 - 0.150 0.03

Hay average 0.300 - 0.274 : 8.7%

0.2¢0 0.193 ‘ 0.7%

0.1%0 ’ 0:150 ¢.0%

Yay sunay ) 0.200 o 10.274 8.72

CoL 0.200 : 0.138 : 0.7%

. ‘ ©.130 L 0.150 0.0%
February average 0.300 €.277 , 7.52 .
9.200 | . 0.199 0.5z
) 0.150 0.150 . 0.0%
|

) .
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¥

| %

solute vatar potential of the galt from sea water., This total would put z

the plant under in high water stress condition.. By adding the solute |

- X 1

water potential, the plant may become under stress at water contents be- 4

tween 30Z and 20X. The time to go from saturation down to & water con-
tent of 201 has not been calculated as it is also depeadent on the

e e

drainage patterns. .

e w

Scil ‘rwpa:a:um

-

Tha temperaturs at :ha soil gurface is al3o of interast. It will
be hotter in the day than if thers vas a unopy thers, and colder at nig,hv:.
Just how much hotter during the day may be important. Simulations of the
grmd,sur.fn;e teaparatures for bara scil and for an immature cancpy of LAI
1.5 vere asde for the four climate days., The immatura cancpy is to serve
as & contrast to the bar;n soil. 7Tha bar.a Isoil.twperatun is indicative
of the tsmperature of a propagule lying flat cn the surface of the soil,
It iz 2ssumed that the propagule would ba at ar at least wvary clcge to
the temperature of tha bare soil, The bars soil in the simulations is
aqmmad to be saturated, but with no standing water.
FPigures 10-13 show that the surfaca temperstures can Vvary by only as
much ss three degrees betwaen bars and covered soil., The chancses of the
sedl ‘pgroach'ing & lethyl temparzatura app?ar to be quita small. The highest
tewperatuve reached is 33.2 °C (1105, May sunny), but temparatures ;m usually
cleser to 20°C. Bare soil surfaca temperaturss appm.nc: to be a daterrent
to propagule invasion and establishment. 5
Redevelopmant appears to ba influenged by the rate of dasiccaticm of | r ;
the ;511. Chamnelization and & modiflcaticn of the scil ihrough exposure

may be anplifying this effect. Fotential lethal temperaturss and water

‘v
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stresa cocaditions in leaves may exist for several hours on a number of days
of the month in February and in A3y, It 13 aleo possibie that these same

stress conditions may de reached 1n other months of the year, although possibly

o & lesser extent.

The lack of physiological data from ﬁie: Nam detracts from the re-
labilizy of tha model predictiong. Actual estipates of péram&te%a are ex-
pected to.be different from thoss used in the aizulations, but by the use of
parameters from members of the sams geaus, it {s thought that :he valueé usad

vill be close to the actual ones.

The critiral variable influencing the system appears to be the micro-

¢lizare, The success of reestablishment hinges on the stress placed on the

propagule by the radiation load, tha leaf-air vapor density gradient, and

the rate of 301l desiccation.

AN U S e e im0 e

kA % s A a7 2 e 7 §

e



ihe long term sizulotion of red mangroves.

Currently in Viet Nam much of what used to be mangrove forests is now
barren as & result of defoliation. Furthermore, reforestation appears to
be impaired in scme way. The following mathematical simulation is being
used to determine possible long temm causes. The two hypotheses being.:ested
ﬁr‘: 1) tﬁa’alav imn. _gration of propagules retards reforestation and (2)
the growth of propagules and aeediingg is arvested as a result of increaseé '

temperature and salinity resulting from the initisl defoliation. The red '

nangrove forest, Rhizophora mangle L.,.of ths Rung Sar Delta was

being
modelad. pigure 14 13 2 simplified flow chart of the wrdel. The deséription
of the model will follcw the order of the state variunbies in the figure as

nuzbered with tha description of the driving variable preceding.

' Model Description

} ¥ Hacroclimé:a

The driving va:}ablﬂﬁ in the model are solar radiaticn, temperature,
precipitation and salinity, Mean mcntﬁly data were used to approximate
mean daily values by means of a lipear interpolation between two adjaceat .
nonthly means. A standard year ia vsed throughout ths simulation (see
Table 7.). Mean monthly temperature and total monthly precipitation were
taken from Van Cuong (1964)., Mean monthly total solar radiation waa taken
fros summaries (Dept. of Commerce 1968) from the Saigri dzea. Mean mozthly

.

ambient salinities frcm a Florida brackich water mangrove swamp were used
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W
Detritus

Propagules 2. . e
‘ ’ Death 5.

Decompositicn

Seedlings Nutrients 5,
3. a
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4

dd mangrove
community
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Ailocate 4 © transfer conditions
to fruit ¥ systems input=output
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Figure 14 Mcdel flow chart
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to approximate the daily values (Eric Heald, 1971). The salinity curve
coincided with the solar radiation curve. Assuming a rela:fonship between
solar radiation and evaporation, the Florida salinities are used as an

aporoximation to the Rung Sat Delta.

. II. Prupagules

~ The propagules are initiated.through adult dropping and immigration from

peripheral areas (Figure 15). The fruits riven and fall from May to September.

Ninety percent of the fruits produced stay next to the parent tres. Approxi~ .

mately ten percent of the indigeroug propagules are assumed to be invading
new arzas. Propagule mortality is a functlom of varying temperature and
Qalinity. Ehe pathematical function describing mortality due to temperature
is ¢ linear decreasé from sixty-seven pef;ent mortality at 36°C to zero

mortality at 30°C:
M. = (30 - T,) (0.67/5) (L

vhere HT i3 mortality dua to T,, the air tamperature. The mortality due to

aaliﬁiay was approximated after Stern and Voigt (1939) where mortality

incrensed from ‘thirteen pescent In ses wvater to forty-seven percent in tap

wvater as follswa:

) M= (- §/45) (.50 o S '(2)'

where Hs 1z the mortality due to salinity S which 1s ia parts per thousand.
All the dead propagules are transfered directly to detritus.
Living propagules all germinate and grow leaves, stems, and roots with

& rate or growth as follows:

47 de/dt = kG(Gmax ~ G) (Salisbury and Ross, 1$69) {3)

e o
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wvhere dG/dt {s the rate of growth, k is a time constant relating to the
length of tima taken to reach Gaax which is the optimum biomass of the
leaQea, stema, or roots prior to the transfer to seedlings., G i3 the
curzent biomass of the leaf, stem or root part in question. As a propagule
only stored energy is used for growth. Optimum leaf, stem and root biomasses
were calculated by taking the caloric values for propagules, leaves, stems,
and roots (4.58, 4.18, 4.34, and 4.03 keal per gram dry weight after Golley,
1%69), coaverting to iilocalcriea per gram wet weight using a 0.4 er to wet
waight conversionr factor, then dividing the propagule energy content by

the weighted plant energy content assuming 0.22, 0.83, and 0.15 for leaf,
stem, and root fractiona raspectively.  Thia yields an estimate of propagule
énergy contéaé after distribution ac:ordigg‘tovaeedling wet energy contents:
12, the propagule will grow to 2,4 times its dorrant biomass bafore needing
cutside energy lmput., After tsking 2.4 times the propagule wet weight and
subtracting axpected fespiraticn lasées, we can estimate the leaf, stem,
ard root biomasség as 22, 63 and 15 percent respectively of thsz remainder.
Ons?‘tha eptimun leaf, stem and root dlomasses are attalned the propsgules

are transferad to the seedling catagory.

I1I. Seadlings =nd Adult;

‘Once a propagule has attained the seedling leaf-stem-roct ratio, the
growth gcheme given in.figure 16 13 followed. viha life patterm in seedlings
is nasumgé to bé exactly the saze as that of an adul; therafors the same
flew chart and suﬁroutina are used with different initi#:ing parametezs.

PFirst solar enmergy enters the cancpy and fifty percent is absorbed by the leaf

material, Nat photosynthesis is enleulated after Caastra (1963) as follows:
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Pn = ([C0.] = [coply / (1.56r, +x, +x) (4

2]a
wvhere Pn 1s the net phetosynthesis for LAI equal to 1.0, [C02]a and
[COZIL are the carbon dioxide concentrations of the air and leaves, r, is
the leaf resistance to water loss, 1.56 is the ratio of the diffuaion
coefficients of carbon dioxide and water vapor, L is the laminar boundary

layer resistance and L ig the meéophyll resistance to carbon dioxide e;changé.

The leaf resistance to water loss 13 calculated using:

Ty . (0.5 ~ (0.0245) (WD x S&) + (C x WD x sa)“)/(l. + (16 x sA))'
{Mi1ler and Ehlringer, 1972) (5)

vhere WD is the water deficit, SA is golar abgorbed, and C is a constant.
The net phn;osynthesis'is then multipiled times the leaf area index then stem
and root res?i:ation 15 subtracted. The Gaastra equation takas into account

leaf respiration so only stem and root respirations are subtracted from the

net photosynthesis, Resﬁiration 13 cslculated using the qu equation:

- - 0. l(T - T ) ,
R=RQ4 ° (6)

. ' » .
vhere Rb and T° arz reference resplration rate and temperature, respectively.

Daily respiration was estimated directly from equation (6) where as daiiy
net photosynthesis was a linear apprcxigatian from the Instantaneous solar
noon rate. )
The light entering thza caccpy was extinguigﬁed ezponantially:'
k¥ S :
SA = SAe (7)
whera F {s the ieaf area index, and k4 18 the extinction coefficient

vhich 13 calenlated as follows:

k6 » cos (I) (Duﬁcan, eé al,, 1967) (8)
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vhere f is ;hc leaf ln;fination from horizontal., Dynamic strata were used to
correct for reduced photosynthesis with the extinction of light through the
csnopy. It has been noted that the leaf angle used in equation (B) decreases
from the top to the bottom in an adult canopy (Miller, 1972), Miller (1972)
has also measured the leaf areas for various mangrove canopy strata and giveu

a typical tree distribution for both leaf inclination and leaf area. Given

the typical leef area and leaf angle distribution for adult trees cne can

distribute a total leaf area index accetdiﬁgly yielding & corresponding
reduction of light for lower levela in the canopy. This process limitrs ;
the size of the canopy in the following way. In the model if a atratum has

a negative production, respiration exceeds photosynthesis for the stratum, then
the stratum leaf biomass i3 reduced accordingly, also the stratum does not ?
recieve new material for growth. The lower lsvgls are then reduced as the g
leaf area indsx exceeds the values at which all strata sustain zero to positive

producticn, This yialds an optimum leaf area index and maximum tree size .

'which maximizes productiom. - :

-

Once daily photosynthesis is calculated it is reduced according to the
temperature function described in the accompanying paper. Zerc efficiency 7
occurs at 25°C with 3 linear decrease frca 25°C to 15°C and 25°C to 55‘6 ;’
such that at 13°C or lower or 35°C or higher photosynthesis does not occur.

Asgimilation ia tgen the differenca between respiration and net photo~
ayn:hesia;' 1f the daily assimilation is negative, leaf material is lost
at a rate of twica the negative assimilation cssuming fifty percent

efficiency in the resorption. Fifty percent of the retracted leaf material

goes to maintainence of the plant while £1fty percent is transfered to

detritus. If net photosynthesia ias positive then it {s sllocated as follows:

T e Tk 540 NI TR 1 B 54 I
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P, = 2(0F)) -CP, / . (9

where Pi is the fraction allocated to the ith pl%nt part, OF is the optimum

fraction of the 1th plant parg and CF
th

{ is tha cu#rent fraction of plant

material residing in the 1t plant part. OF val&eu for leaves, stems, and ’
roots are 0.085, 0.610, and 0.310 for adults and 0.22, 0.63, and 0.15 for
seedlings.

The seedling to ﬁdul: transfer occurg at 7.2 grams of leaf material
per.plant. When ;his arbitrary leaf biomass is reached the seedling is

then considered an adult. This welght standard corresponds to the weight

of four mature 1 ‘,és.

IV. Fruit Production g
| The frn‘t groduction schene was designed frcm qualitative descriptions
o! red mzngroves on tha Rung Sat Delta. Fruiting begins in March with peak
production frcm May to July with a s:aadv dacrease from July to August.

Fruit preduction ceases in August. Thesas obaervaztons wara incorporated in

i

I
the model as a disgontinuous function as follcws:

B
March %o May = (D/30) x 0.5 ¥X | (10)
. |
. A
M2y to .7'“1;' . Fp =X . | (11)
July to August. F: = MX ~ D/30 - o

‘
H
|

where Ff ia the fraction of leaf mgtarial available for grcvth allocated to

fruit preduction, D 15 :he current day of the month and MX is the paxinmum

i

fraction of net production allocated to fruit production. Fram January to

March and from August to December Fg 13 set to zeﬁc. The MX value was
arbitrarily sst o fifiy percent of leaf ma:erial?availabla for growth.

o e+ i
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V. Detritus, Nutrients, and Herbicide

All dead material is added to detritus which is undergoing a tidal
exportation of,87,4 pe:ceht (Golley et al. 19(?) and exponential decay:b
D= dc.klt (13)
vhere D 18 the current weight in ;tams of detritug, d is the initigl weight
in grams of detritus, t is time lapse from initiation in days, and kl
is 6.7 x ].O-3 vhich is the decay constant associlated with forty-five petcent.
deccuposition in two months (megtings on mangrove ecology, 1972).
A fraction of decomposed detiitus is then allocated to nutrients and

herbicide in solution. Thirty-£'+~ percent of decomposed detritus is

asaumed to be nutrients with 0.05 percent being assumed herbicide if the

- plant death 1z a re3ult of herbicide introduction. MNutrients and herbicide

in solutiocn thea undergo'exponan:ial decay as followa:

>

M = ne 4
o\. t
H= haks (s}

whers H 18 the current nutrient concantration, n is the initial nutrient
c;nhentration, k2 18 the decay constant relating decay exponen*ially to
time, H i3 th; curfent herbiéide congentration, h is the inizial herbicide
concentration, and k3 i3 the decay constant relating decsay exponantially to

tine, It is assumed that 87.4 percent of the nutrients and herbicide in

solution is exported with tidal inundation pericdically.

1f the herbicide concentration 1s above 10 lbs per acre or 11.2 x 103

gr. per hectars defoliation occurs and all the leaf material is transfered

to de:ritﬁs.(megtings on mangrove ecolsgy, 1972).
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BEvaluation of Data Base and Estimation of Parameters

;hgrg‘gxghfeu_data available regarding propagule and seedling
growth, To determine an estimate of the leaf-stem-root fractions for
seedlings two submodels were proposed using (1) the typical adult
leaf-stem-root fraction indicated by Golley et al, (1962) and (2) a
linear projection of the Golley data to approximate seadling leaf-gtem-root
fractiocns, If the plant part biomasses for leaves, stems, and roots ;te
reduced to fraction of the total bicmass and plotted versus the diameter
at breast height clear trends are indicated for leaves and roots. Projecting
these trends to zerc diamater at b:eaat}hzighcbyielda-O.ZZ and 0,15 for leaf
sand root fracticns., This procedure was dons by hand and fhe laaf and root

fracticn appesar to be a curvilinear functicn of dismeter at breast height

- io the indicated values are crude estimates, With 0.22 for tha leaf

fractios and 0.15 for the root fraction we have 0.63 for ths stem fractien.

Submodel (1) resulted in a qgick eliminotion of seedlings under a leaf ares

index of 1.0 and 3.0, and zerc maturation t§ the adult catagories undsr a

leaf ares indsx of zero. Submodel (2) indicarad four year survival under e

a leaf ares index of 1.0 snd maturaticn to the adult catagory in . three yesrs h
|

vnder a lezf azes index of zere.

the Puerto Rican data (Golley 2t al, 1962} for subsurface roots. Sanedacker
and Lugo (1972) indicated subsurface roots as thirty-six perceat of the
prop-root-subsurface root subtotal. Ail of thas prop~-reot biomasses
indlcated by Colley ware then divided by 0.63 to include an estimate of the

addition due to subsurface roots.

|
In determining the root {racticna as sppreoximaticon was uged correcting L%<
\
|

Correcting the leaf-stem-root fractions irdicated by Golley gg al. {1962) }

at 2.8 em. dispeter at breast height ve have adult fractions of 0.085, 0.610,

e e e e e s . e
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and 0.305 fgr leaves, astems, and roots respectively. These values were uaed
%0 Esérhcterizc'tbe typical adult plant in the model.

Two frui:ina submodals were proposed: (1) a Jraction of the assimilation
allocated to leaf pruduction was used for fruilt precduction, and (2) a
fraction of the total assimilation was used for fruli production. With submodel
(2) fruits averaged ten percent at maturation of the total gdult biomass.,

Submodel (1) ind{icated fruits betwzen 1.5 and 3.1 percent at maturation of the.

total adult biomass. Snedacker and Lugo (1972) found between 0.0 and 4.1

percent residing fruits in their studiea of red mangroves.

To determine seedling density for estimating the leaf biomass per plant
the above gvound dry weight at the end of five months growth vas divided by |
1.77 grams which {8 the above ground dry weight of five menth old geedlings
as indicared by Stern acd Voight (1959). With an immigration of 3.0 grams of
propagule a year this yields a first year density of 1.1 seedlings per meter '

squared. Typical assimilation data for this density are given in Table 3,
Results ' :

The effects duz to temperature ares demomstrated in Figure 17. Thres
twenty year simulations were made with {1} normsl tam?eratures} {2) half !
degree sbove normal temperatures and (3) a full degree dbove notmal temper- ?
atures. Simulation (2) and (3) showed adghteen and. forty-eight percent
decreases in biomass below the biomass of simulatica (1).

The effects due to salinity were less dramaric., Three twenty year
sinulations were made using (1) the normal salinities for brackish water,

(2) one part per thousand abova normal salinities for braskish water and (3)

two parts per thousand sbove normal galinities for brackish water. There was

leas than one parcent variation in rotal biomass between the threa simulations,




Table 8.

Net photosynthesis, total respiration and plaant assimilagion in grams
organic matter per meter squared per day are given for various growth
atages with uo overhead light eztiaction foz seedlinga of densicy I 1

and-adults of variable denaftisa,

Yonths Afier Leaf
Lefolistion Biomass

5 mourhs 1.2
i/ wouths 3.6
29 months 10.3
Years After

Defeliation

5 years '19.1
7 yeazs 39.6
9 years 51.3
11 years 78.8

.

Photosynthesis Respiration

0.021

0.066
0.187

0.334
0.675
0.856
1,220

0.904
‘2012
0.034

0.104
0.315
0.554
Q750

Aguimilatio:
0.0
Q054

Q152

0.230
0.359
0.301
0.530

e e s e s i o e s A=
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Variations of reforestatior. due to varylng immigratlion are shown
in Figure £8. Three twenty year simulations were made using immigration
rates of (1) 1.0 grams, (2) 2.0 grams and (3) 3.0 grams of propagule per
metervsduared per year., Simulations (1) and (2) showed twelve and.nine

percent decreases iIn bilomass below the biomass of simulatioen (3).

Conclusion

The effects due to increased salinity appezr to be relatively small.
The effects of temperature piay a major role in reforestation. The barren
nature of the Rung Sat Delta due_ta defollation and wood gathering has
incxé;sad :ye ;ikelih06d of temperatuvres inhibitory to plant growth.
Inhibitory temperatures and slow immigration are the major sources of
inhibition in the model and in combination probably play the majorlrole in
reforestacio# problema on the Rung Sat Delta.

The mﬁst critiﬁél éeficiency is the lack of data om the growth habi:is »
of propagules aﬁd seedlings. The paturz of initial rooting and the role of
solar radiation in activating prcpagulgs on the mud are unknown. Data are
availéble on five month old seedlings and adults of unkncwm ages. There are
data concerning adult photosynthesis, respiration, canopy structure

and root structure but no intermediate points for seedlings aud younger

-

“adults vhich would serve to impr.ve and validate the model,

——
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6. Ordering and Disordering in South Vietnam

by Energy Calculation

Mark Brown

Studies stimulated by a contract between the Hatlozal acadexmy of Sciences
and the Department of Eavircnmental Enginesring Sciences, University of

Florida, Gainesville, for "Models of Herbicide and War in Vietnam".




Central to understanding the relationehip of countries and thelr balance
of Man and Envirouments are the flows of energy that raintaln order, the
disorder created in the ncrmal cycle maintaining order, and the effects of

war, This paper considers order and disorder relationships in South Vietnam

as a result of the War from 1950 to 1972, An investigation of effects of

herbicides was undertaken, as a series of projects, by the National Academy
of Sciences. This paper is an outgrowth of concepts developed while formu-
lating a model of main energy flows in Vietnam,

The investigation of the ecological and physiclogical effects of the
defoliation and crop destruction prograﬁs in South Vietnam {pcluded an
evaluation of the herbicide agents and their relationship to other means of
disordefing and the combined effects éf disordering activity on the natural
ecological and man-made technological systems of the country. While it 1is

apparent that the goals of the defoliaticn programs were to raduce the yv~und

cover and limit the ability of the North Vietnam and Viet Cong military <truc-

ture o use the structure ¢f the natural environment to their advantage, these

goals have laft the country of South Vietnam with problems. Large amounts
of South Vietnamese lands wers altered and moved from one form of land use

to others, resulring in measurable changes to the processes of the country.

166

Understanding the immediate effects of such a program and the long range effects

and intersctions may require an overview that also takes Iinto account time
delzys, feedback operations, and secondary interactions. One technique for

overviewing 13 a drawing of a systems diagram.



v

A Model of Vietnam

Figure 1 is a diagram of the'country of South Vietnam at war., It shows
the compartmerrs and flows of energy and moterials throughout the country.

The circles to the left represent forcing functions or the Ordering Energies

availsble to South Vietnam. Sl is all incoming goods, both United States’
aid and imported goods from the World Market. 57 is all monéy gent to South
Vietnam in the form of aid; and Sg 1s all the natural energiles (sun, tides,
wind, rain, etc.) available to the country. ‘Tﬁe circles to the right repre-'

sent the Disordering Fnergies that are forcing functions for the country at

war. Sy is all :he'energies available to the Viet Cong and North Vietnamesa
'military structure to make wﬁr. $3,54,55' are the three major disordering
energles of the U.S. and South Vietnam military structure.
The landlcategorieq'(city, agriculture, forest and mangrove) are each
separated latc their respective components {(or storagess). The city system
has within it land, people, goods, and.a storage of money., The natural sys-

tema have two compenents 2ach: land and structure. The land storage and

th2 forcing function interact to produce structure. e

The components to the right of the natural systems, those of craters,
base land, bare land, and dead woocd, are components that are stozing the
disé:dered land and structure as it is traasfarredufrcm one land use category
tc another by the impact of tﬁe disordeting energies.

In Fig. 1, the rates of material And energy flows, and the quantitieé
stored in each of the compoments of the country have besen calculated for the
year 1955; the beginning of the escalation of the‘United States involvement
in Indochina War. (Calculations and sources for the calculations are sum-
marized in Appendix A.,) Evaluation of the‘flowa of disordering energies gives

perspective to thelr effects on the many processzs of the coumtry. Consider

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

167
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" energy budget are summarized in Table 1. Cclumn 1 in Table 1 shows the average

169

gories by bombs and herbicides; in all cases herbicides account for the

greatest disordering, an effect that réveraes through the course of the six i
year period from 1965 to 1970.

Another method of understanding the effects that the disordering energles
have had on the processes of the country is to calculate the disrupted por-

tions of the energy budget of South Vietnam. The overall effects on the

energy budget (ordering energies) per year for the six year period, 1965-1970.

et et . e b e e e g . e

column two shows the cumulative budget for all six years. Columns three, four,

and five show the to%al amcunts of Discrdersd Energy due to éach.of the dis~

ordering operations cf Bombing, Herbicideé, and Rome Plowing as best they can
be calculated; Column six shows the percentage of the energy budge; 
that was disrupted for each of the various subsystems of the country.

‘ During the six year period of major United Statas involvement in the.Indo-
china War (1965-1970), 3.1% of the total energy budget of South Vietnam was
disrupted. If comparisoms can be drawn between the man-made world as varicus
systema and the natural ecclogical systems of the blosphere, them a disruption b

of this magnitude, by itself, will probably have little effect on the overall

rIocesses of Fhe country.

i ’ !
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C12.4 X 1012 keal.

duction was astimeted by multiplying the land area in agriculture (7.31 x 106

there was no disordered land. It was celculated by multiplying the average
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1. The sum ¢f purchased goods, foreign aid, and fuel. Purchased goods and
foreign aid were 2.6 X 108 § and 5.1 x 108 respectively mul:ipiied by 1.4 X 104
kcal/dollar to convert to equivalent fossil fuel energles required to generate
the same work, (10.7 X 1012 kcal). Add to this, fuel (8.66 X 107 metric tons)
(10% grams/ton) (10 kcal/gram) = 8.66 X 1012, 10.7 x 1012 + 8,66 x 1012 =

2. The chemical potential energy entering the system as agriculture pro-

A st 0 e Al R T i 1

acres) by the estimated gross photosynthesis (1.6 X 10° kcal/acfe/day) and then -
by 100 days.

3. The chemical poﬁantial energy entering the system as gross photcsynthesis
qf inland forests was estimated by multipl&ing the land ;tea (1.9 X 107 acree)
by the estimated gross photosynthesis (1.6 X 105 kc;i/aCte/day) and then by
365 days.

4., The chemical potential energy entering thé system ag gross photosynthesis
of mangrove systems was estimated by multiplying the area (.69 X 106 acres) by
the estimated gross photosynthesis (2.4 X 105 kcal/acre/day) and then by 365 days.

5. The chemital potential energy entering the system as gross pheotosynthesis
of estuarine aystems was estimated by multiplying the area (1.0 X 106 acres) by
the estimated gross photosynthesis (8,0 X 10% kcal/mzlday) and then by 365 days.

6. The sum of the natﬁral potential energies of: Rivers (644 X 1012 yea1/
yr), Tides (152 X 1012 kcal/yr), Rain as Runoff (119 X 1012 keal/yr), See Odum, ~ |
"Effects of Herbicides on Ecosystams." '

7. Cumulative energy budget was calculatad as the maximum possible, z2ssuming

energy budget times the time span (6 years).
8. Disordered energy by bombs waa calculated by multiplying the land area

disordered each yaar from 1965 to 1970 by the estimated gross production, and
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then by the number of years remaining in the six year period. (See Aypendix
B for year by year breakdown.)

9. Disordered energy by herbicides was calculated vy multiplying the land
area disordered each year from 1965 to 1970 by the estimated gruss producticn
and then by the number of years remaining in the six year period. except
agriculture sprayed assumed only one year loss., (See Appendix B for year by
year bréakdown).

10, Disorderad energy by Rome plowing was calculated by mulriplying the
land area disordered each year from 1965 to 1970 by rhe estimated gress pro-
duction and then by the number of years remaining in the six year period, except

agriculture plowed assumed only one year loass. (Sea2 Avpendix B for year by

year breakdown).
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Order and Disorder ih Vietnanm

It is well known that many ecologiczl systems are stress adapted and toc
a certain extent even depend on some form of stress to speed up précesses
and recycle nutrients, Just as the fire-climax foiests and prairies are
stress adapted, and depend on pulses of brush fire to recycle nutrients; the
country of South Vietnam could possibly dbe considerad a stress adapted system.
Conflict, and large-scale warfare have beea the rule ratﬁer than the exception
since fhe Genava Agreements of 1954 and even before wifh a long and bitter con-
flict between the Communist led Vietminh and the French armed forces. Frequent
stress, such as grassland, grazing, rather than a pulse stress results in
greater overall productica by reducing diversity and releasing disordered
materials for rgconstruction and repair., Could the same apply to a 30-year war
and the country of South Vietnam?

The six year invoivement of the Ugited States in the Indochina War resulted
in an escalation of disordering energies which could represent an additional
pulse stress of 3.12., Far more Important than ihe magnitude of this overzll
stress are the parcentages of the energy budgets that were disrupted from each
of the subsystems of South Vietnam. Column 6 in Table 1 lists the percentages
of each subsystem disordered. A comparison of these indicates that whilas the
courtry had a 6 year pulse stress of 3.1%, individual stresses account for major
effects, and due to secondary interactions may magniff this overall streass,

-+, The mangrove systems were stressed nearly 412%; a stress that would reduce -
the ability of the system tc recover in a& short period ofAtime. Data gathered
by MAS personnel while surveying ecological effects of herbicides in Vietnam
indicate a lack of recovery, possibly dues to loass of seed source., It has been
suggested recently that mangrove systams are an important part of the food chain
in estuarine systems., A stress of this magnitude could have severe effects on

estuarine systems that, in turn, will effect tha human settlements by a loss of
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food source.

The forest systems of the country were disordered nearly 8%; a stress that
will probably have little effect on the individual sysrem, but 1if time delays
and secondary interactions are taken into account, then those systems depending
on the forest systems as an auxiliary energy source (the human settlements)
will feel the stress far more than the initial system.

Ths human settlements of South Vietnam had 13%Z of their energy budget
disordered du:ing the six year period (1965-1970). Add to this the effects
of increesed population due tn relocation of refugees, reduced agriculture
production (5.2%), reduced estuarine producticn, and reduced forest preduction,
end again the direct stress is magnified requiring many years to recover.

Another way of showing these same effects for tﬁe purposes of comparison
to other flows of enmergy throughout the country 1a the systems disgram. Figure
2 18 an energy diagram of the gross energy budget for the country of South Viet-
nam showing all the main energy flows, constructive and destructive, those of
nature, and those of the cities. Energy of low quality such as sunlight is
gxpresaed in the chemical potential energy after transformation by photogynthesis.
The fléws of high quality energy such as the urban technological economy are
expressed in equivalent fossll fuel energy required to generate the same work.

When many of the detalls of small component flows of energy through the
country, such as in Figure 1, are eliminated by retreating to a more macro-scale
view, ca;tain patterns, or consequences of the war become more obvious, and
comparisons can be drawn. For instance, the ratio of the deatructive energies
of war (disordering energies) to the constructive energies of nature, and the
cities is approximately 1 to 17, or the disorder to order ratio is 6,0Z.

Ewel (1971) described five tropical emvircnments disrupted with a disorder
r.c order ratio of 5.82 showing initisl decrsases in primary production, but
iong run rejuvenation, Richey (1970) tested a disorder tc order ratio of 8.0%

by burning wmicrocosms; again showing initial decrezses in production; but
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Notes on Figure 2,

1. U.S. war effort was calculated by adding the incremental costs éé the
war in Vietnam for the years 1965-1870. The incremental costs are the ;lsts
which represent the "net difference between wartime andlpeacetime needs.? (U.S.
Congress. House Committee on Appropriations. Dept. of Defense Approprjations
for 1970 pt. VII. Hearings, Washington, U.S. Government Printing Office} 1970.
p. 395). The total war effort (9181 X 1010 dollars) was then multiplied|by 1.4

X 10% kecal/dollar to obtain the energy expenditure,

2, Viet Cong and North Vietramese war effort was estimated by assum?ng

| -
steady increase from $555 million (Thayjr, 1969) to $765 million in 1970 (A.P.),

Gainesville Sun, Gainegville, Florida,

(‘A!pril 2, 1972). The total war
i
effort (3.9 X 109 dollars was then multiplied by 1.4 X 104 kcal/dollar tb obtain

the energy expenditure; |

3. U.5. Aid was calculated by adding the cfficial aid for the yearé 1965~
1970. (Annual Statistical Bulletin, No. 14.) the 0fficial Aid (3.03 X 10°

dollars) was then multiplied by 1.4 X 104 ¥cal/dollar to convert to potential

energy entering the system. |

b .
4, Natural Energles are all those energies entering the country from the
chemical potential energies of gross photosynthesis of ecosystems, and the

chemical potential energies of rivers, Fides, thermal heating, winds, and rains

|
|
5. Fuel inputs are from '"Vietnam Siatistlecal Yearbook." For the 6+year
|
period 5.2 X 106 metric tons, this was multiplied by 106 grams/metrie tén and

as runoff. t:

by 10 kcal/gram tc convert to calories of work. |

6. Purchased gocds was calculated by adding the import arrivals frém Annual

Statistical Bulletin No. 14 for the years 1965~1970. The import arrivaks 71.59

|
X 109 U.S. dollars) was then multiplied by 1.4 X 104 keal/dollar to con%ert
dollars to ths potential energy equivalent. Here it is assumed that 1/.0 this

amount is the emergy value to the system, the remaining 9/10 is the cost of
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manufacture and transportation, The calculation of euergiss was baaed.cn raw
chemical potential energy conversion of esch of the flows. There are studies
currently undervay to give certain 'qualities" to energy to allow for more
complete accuracy of calculation for modelling purposes. For example the "energy
value" of a material or energy in a svetem is not only the measurable quantity

of that flow, but has been suggested to be the initial energetic costs of pro-

cessing and manufacturing as well.
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recovery, and in some inatsnces increases with time. Thus if comparisons

can be drawn bethen the smaller scale systems of microcosms and individuzl

v. nsystems and the larger scale system of a country made up of many smaller

subsystems, the impact of a pulse disorder to order ratio of 6.07 will probably

release material and increosse repalr mechanismsAtequired for rejuvgnat;on,

thus having a greater gross production with time, However, this does not

indicate a stronger or more stable system for the higher gross production 1is

achieved atva-cost to diversity.
During this Qame 6 year period the disordering energles were 12 times as

great as the flows of ordering energy due to foreign aild and purchased éoods

and fuel. Aid was over half that of purchased goods and fuel indicating a

subsidized economy, an economy dependent upon inc?easing fliws of high quality

energfvin a world where these flows are becoming limited, ' %
But more imgorcént, the dia,ram shows where the most stress was inflicted %

by the acticna of war. The natural system, while having a large loss in com-

parison to the urban energiles disordered, was sttesaed 2,7%. The urban systenm
(manbuilt-technological economy) had 7.0% of ité incoming energies disofdered.
Other consequences of the war (secondary interactions) such as the shift in
population from rural areas to the urban centers, the loss of population as casu~
alties of war, and shifts in land use, have mugnified this stresa.

These calculations begin to show a more complets picture of the disordering

of South Vietnam and scme conjectures can be made. As a consequence of prolonged

conflict and war the country of South Vietnam has becise a stress adapted system
decreasing diversity, and maintaining a low successional state. If, again,
comparisons can be drawn betwesn man built tachmological systems and natural
ecesystema, then the country of South Vietuam can be conslidersd a pulse-climax
nation, much like the fire-climax forests and prairies, which, require large flows
of energy and materials for reconstruction and rejuvenation after disordering,

and thur maintels low diversity As long as the disordering effects of the



conflicts remain, it is reasonable to assume that the councry of South

Vietnam will remain an unstable system,
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Simulation Model of Vieﬁnam

The disordering of lands and the accompanying transfer from one land use

category to anotier might not be a '"bud consequence'" of the war; but in the long

run, By those who advocote increased agricultural production for the country.

For example, the change from forest to bare land has accomplished the first

step in the process of bringing more land into agricultural production. This

seems to be the case, as long as there are the necessary cnergies (U.S. Aid)

available that can be added to the country's own reserves to accomplish this

goal. However, there are short term losses that disordering vast amounts of

foregt, cropland, and urban systems must necessarily bring.

180

The actions of war have disordering effects on not only the phyaical, natural

and man-made systems,

Lat on the social and ecconomic cystems as well., As a con-

sequence of the war there has been a massive switch from a rural to an urban

population, With the help of U.S. Aid this shift in population has caused the

urban centers to expand at an ever increasing rate.

The effects the disordering energies have had on the country of South Viet-

nam can only be assessed through time,

into the language of the analog corputer and simulaced gives new insight to the

curulative effects of all disordering energies.

The use of the systems diagram translated

Figure 3 18 a simplified version

for the purposes of simulation, of the changing land use model in Figure 1. This

diagram shows the action of war accelera:zing the recycling and reuse of disordered

lands and materials.

Thease are all parts that when fed back with an accompanying

energy input, are availasble for and stimulate reconstruction. Evaluation of the

rates gives a perspective of those changes that are important and computer simu-

lations are used to show the cumulative effacts on South Vietnam's enargy budget

as well ag the cosats

Calculations and

ages in Figurs 3 ox2

or reordering.

sources of information for the Rates of Flovws and the stor-~

surmarized in Appaadix C. War Effort (W) and United States
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(A) have functions zenerated to mcre accurately depict the escalation of U.S.
involvement In Indo-China. The War Effort (W) starts (1950) with wminimal war;
the approximate legel of conflict prior to U.S. involvement. In 1965 the level
increases reaching a maximnm in 1967, then decreases to an estimated level of
conflict aqual to thac priocr to 1965, (See Appendix C.)

United States Aid (A) remains at zero (0) until 1960, then increases at
a rate constant with reported U.S. Aid. In the first simulation (Fig. 4a-f) Aid
wag held constant (éftnr.1970), at the 1970 level. In the second simulation
(Fig. 5a~f) Aid was increased after 1970 to a maximum in 1985, then terminated.
#nd in the third simulation (Fig. 6a-f) Aid was decreased steadily after 1970 and
terminated in 1980.

Figures 4a-f, 5a-f, and 6a~f are computer generated graphs cof the first,
second and chird simulations of ché model. The graphs indicate a steady state
system from 1950-1965 (with slight decrsases in certain storages [Lz. Sa, L3, S3])
until escalation of the war in 1965, causing decreases in all compartments of the
systan except the human settlements.

Tha Mangrove systems (Fig., 4B) show the expected disruption anticipated by
the calculations in Table 1., However, the structure component (Sl) continuzs to
decrease aftar tha pulse disordering of war, probably due to increased wood cutting
for charcoal. There is no recovery as might bes expected becauvse provisions for
a seeding program are not included in the model. 1In the second and third simula-
tions little change in exhibited., The structure does decrease however, with the
gsecond simulation due tc increased demands of the human settlemente,

Thz forest systems (Pig. 4c) of the country exhibit a slight decrease in
the first similation, somewhat aggravated by the increased demands of the growing

human settlemsnts, Recovery, as axpected, does occur, but the system doss not
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U.S. Aid Ordering (US $ millions)

{
i 500- P
| 1965 202.3|265 i )i ol
! 1966  478.9 |406 400 o’
’ﬁ 8 sl 001 f N/
? . u? -
! ' 200 ‘
1963 206.7 |a77 .
| 970 3694 |304 100~ "ANNUAL STATISTICAL
s | gm0 —@ BULLETIN NO. 14"
T 0
fficial T T T Y
QOfficial Aid 6465 65 E7 €6 65 70

U.S. War Appropriations (US § millions)

‘ 25,000 - _
1965 100
1966 6,000 | 20,000 4 /\
1967 18,000 15,000 -
1968 23,000
_ ’ 10,000 -
3 , 1969 22,000 “IMPACT OF
; 1870 17,000 5000 VIETNAM WAR"
4 . ‘ o

1 T
64 €5 66 67 68 69 70

, Fuel to War Effort (millions of barrels) {partial figures)

1965 73,88 150+
1966 112,995 -
?, 1967 146,697 106+ -
i 1968 173,766% - "REPORT ON
f 50~ WAR IN VIETNAM"
O =1

T
64 65 66 67 €68 &9 70

Military Goods (thousands of tons) (partial figures)

1965  3,300% 12 4 }
1568 7,280 g
~ -~ . .)(.
957 1,800
1968 14,840 6 "REPORT ON
3 WAR IN VIETNAM"
® Only six month figures were given .
for these years, so figure was Lo
doubled for year forl, €4 65 €8 67 €3 €3 70
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Notes to Figures 4, 5, 6

Maximum values for each component are as follows:
Wl, War Effort - 2.5 billion $
Ay U.S. Add - 1 billion §
Ll' Mangrove land - 3.3 X 107 acres
$1» Mangrove structure - 2.1 X 1010 i

Ly, Forest land -~ 3.3 X 107 acres

: S,» Forest structure - 16.1 X 1018 ig

Ly, Agriculture land - 3.27 X 107 acres

S3, Agriculture Structure - 1.1 X 1010 kg

Lé' Urban Land - 3.3 X 107 acres
' 34 Urban structure - 6.8 X 1011 kg

' Py Rural Populatiom - 11.0 X 107

P, Urban Population - 18.3 X 106

187
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reach the level of productivity exhibited at the beginning of the simulation

Flows of Aid have 1little effect on the system, and even when tripied no

perceivable difference was noted., The treaasfer coefficient for the flow

teturning to forest land from bare land as a resuit of U.S. Aid (K., is ex-
tremely small accounting for the lack cof effect,

?he agricultural systems (Fig. 4d) show the greatest change due to the
disruption by war, decreases in the rural population, and increased urban demand.

In the first simulation production of the system after disruption does not

recover to the initial level. Increased aid in the second simulation provides

the energy necessary to increase agricultural production to a level slightly
higher than the initial, by transferring more land back into production and
increasing the movement of refugees back to the ruvral areas. In the third simu-

lation, by cutting off aid, production remains lower than the leval obtained in

.

Simulation 1, as might be expected.

Consequences of the population shifts (Fig. 4e) are felt throughout the

. system and are very important flows regarding the overall stability of the

, increased flow of agricultural land back into preduction.

[N

country. In the first simulation the movement of the rural population te the

cities puts additional burdens on the entire system. Manipulation of this flow
caused extreme changes in most compartments. If the rate of movement to the

human settlements was decreased all components exhibited faster recovery rates,

. and the loss of agriculture production was not as great. 1If the rate of move-

ment wasg incregséd the opposite occurred. This 'system gensitivity" to the
movémen: of rhe populations begins to indicate the extent to which.the country's
stability 18 aggravated by the secondary effects of the refugee problem, In

the second simulation, mevement back to the rural areas is facilitated by an

In the third simula-
tion, diminishing aid has little effect on the return of the rural population.

The human settlements (Fig. 4f), while showing smaller visible changes, are



189

interesting in view of the time delaf invelved in the build up of city structure
(SA) following the increased urban expansion (L;). By the year 1970, increases

are apparent in city land. However, due to shortages of materials und energies,

and pressure from an increased population, a time lag of ten (10) years is re-
quired before the materials and energles are available for growth of city structure.
Recovery to the inithl level does occur.by the year 2000. This does not meet the
dexands of the larger population. Incressing aid in simulation 2 meets these
demands easily. The increase in ciiy astructure in this case begins toc show a
run-way growth, fossibly an undesirable conseéuence. In the third simulation

decreased aid prolonga the time delay and reduces the final structure value.

Overall Perspective
Consequences of the war in Vietnam are difficult to evaluate directly. The
* immediate effects of the disordering energies have caused a 3.1% disrupticn of
the 6 year cumulative energy budget (1965-1970) of the country. The herblcide
program accounts for nearly half this diérupcion: an interesting vonsequence,
indicating the high amplifier value of the relatively low eneriatic cost of horbi-
cides.

Simulgcion of the War Stress Model reveals additional stresses and indicates
that depending on the new energies added, by the year 2000, the countrwy of South
Vietnam may still be Showing the consequences of a 6 year war in the 1960's. 1t
is important to note here that the recovery of the system depends on continued
(and posaibly increased) flows of United States Aid (a situatien which may be
unrealistic in light of increased energy shortages being felt throughout the U.S.)

Delaya in ending the przsent level of conflict may cause delays and reduc-
tions‘in the recovery rate of order in the country. As long as needed, materials and
energies are diverted from the job of reconstructicn to that of fighting brush
wars with the Viet Cong and North Vietnamese, regrowth of the country may.be delayed.

Stapility in any system 1s related to the diversity of normal cccupations and com-
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ponents; and as suggested earlier, continued conflict mav result in maintaipirg
a low diversity and thus a low successicnsl state, On the other hand, the svstam
may be develnpiny specilal adaptations to War Stress Fnerglies so that they are

not so destructive to the averall jroceases.

Other models simulated for the country of South Vietnam at wir suggest a
regrowth and in some instances increased productivity; and parallels have been

drawn between South Vietnam and the countries of Germany and Japan after ihe

second World War. However, the reordering and recovery of Germany and Japan were

accomplished with great expenditure of outside "ordering energy" during a time

of increasing fosail fuel wvailability and utilization. The same rapid reordering

of South Vietnam may be 'nrealistic in view of increased demand and decreased

avallability of fossil fuel energiles. The War Stress Model indicates that without

increased aid the reordering may take many vears more than intuitively apparent.

-
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APPENDIX A

General Notes on Fipgure 1

The conversion frem § (Az=erican) to kcalvwas calculated as roughly 14,0300
W?ﬁal/dollnr. (Tgis figure was calculated in the same manner as Odum, 1971.)
The total fo;sil fuel budget and hydro electric préductinh was divided bv the
GNP of the country. The most complete figures weke for the year 1966, The

figures for fossil fuels were as follows:

Fossil Fuel Type Metric Tens Imported kcal/g kcai x 1010
. Petroleum 25,647 12 30.72

Aviation gés 166 » 11 ‘ .18

Gasoline : 203,920 ° 12 244,68

Kerosene 256,337 | . 10 256,34

Gas oil 67,810 ' 10 67.81

Fuel oil 562,595 10 562,60

Natural gas 6,080 12.5 7.60

Petroleum coke 820 7 .51

TOTAL 1170.50 ¥ 1010 % a1/sear

" The figﬁréé'cf'me££i£"£5££"1;§5££é5”;ré éréﬁr"V£;;nam Statistical Yearbook
1970", 'ﬁydro electric proéuétion was calcuvlated from a map showing location,
typé and capacity of hyrdo electric generating plants found in "Vietnam Subject
Index Maps” min’mum value for each plant was used (see table below). The total
‘keal/yr energy budget was 2750.0 X 1010, This was divided by the GNP of the
esuntry for the year 1966, 2.0 X 10? dollara, ("Impazr of the Vietnam Wer').

The figure obtained was 13,660.6 kcal/dollar.




3 power plants @ 10,000 - 50,000 lkw. 3 @ 30,000 = 90,000 kw
2 power plants @ 50,000 - above kw 2 @ 60,000 = 120,000 kw
' 210,000 kw

210,000 kw = 1.84 X 1010 xwh/yr (8.60 X 102 keal/kwh) = 15.80 X 1012 keal/yr

- TOTAL 2736 x 1010 kcal/vear

Q Land area in the citles = 2.47 X 104 acres is based on 100 Km? as stated

Qzl

Q3

- by Meselson et al. (1970). This figure is for 1970, however, it includes

cnly ﬁajot urban areas, so it is felp that it is a good reflaction of all’
urban areas fncluding villages 4 hamlets in 1955 ~ these small urban systems
are not classicall§ held as urban arzas but generall as rural; however,
because of the "undeveloped" status of the countrv and the role of the
village + ﬁamlet as major elements in the hierqrcﬁy of the governmental
structure; thef are included in urban areas. This figure represeznts .058%

of the land area of the country,

Goods in Country ~ This storage represents the combination of imports and

goods produced within the c¢ 2try minus axpcrts. Imports and exports were
easy figures ot obtain from a number of poublications including "annual
statistical bulletin”" and "Vietnam Statistical Yearbook, 1970" and indus-

cLial';foduccion were obtained from "Annual Statistical Bulletin No. 11",

This data does mt include enterprises whose 1962 output was less than

2,000,000 $VN in value. Thus much of Vietnam's industrial production is
excluded e.g. salt mining, quarrying, furniture maklng, printing, and handi-
Craft productionf For 1965, the goods within the country was calculated

as 4.17 X 106 metric tons.

Capital in the City - Capital in the city is used here to mean the money
supply that 1s available throughout any year. This figure was computed from

a table "Money Supply” in billions of piastefs from the Annual Statistical
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Builetin Mc. 11 by dividing by the exchange rate of 118 plasters to the
American dollar. Two figures are given, the year end value and the amcrnt

available at the beginning of the year. &Yror 1965 the year end vaiue was

$393.2 million and the anount avallable at the beginning of the year was

$232.2 million.

Land area in agriculture - The land area in agriculture is all land in

Vietnam under cultivation Vietnam Statistical Yearbook .970. Table 1i4--

Agricultural crops: planted area and production, 1960-1965. The plauteq

_area for each major crop was totaled and the agricultural land area that

had been defoliated was added to this figure as was the land area bombed.

The total land area during 1965 that was in agriculture production was

7.308 X 106 acres.

Agriculture Structure -~ As used here agriculture structure means the yvield
in kgm of the land ares In agriculture. The year end total yleld was ob-

tained from Vietnam étatistical Yearbook 1970 as was the land area. The

total yleld and planted areas were 705.8 X 107 kgm and 7.238 X 106 acres
respectively. By dividing yield by planted arez the yileld per acre was citained
(975.1 kem/acre)*., This then was multiplied by the planted area (total be-

fore herbicides, spray, and bombing) to obtain maximum yleld value of 7126.0

Land Area in Military Bases - This value has been requested from the Depart-

ment of the Defense but to date has not been received. For lack of any

better figure this value was estimated by assuming that for each member of

* This yield/acre is approximately 1/6 that calculated for Fiorida which
has a yield 5,985 kgm/acre for all crops, however, Vietnam's growing season
is shorter duz to monscon weather, and they do not have a fossil fuel sub-
sidized agricultural system to the extent of that of the U.S.




the combined V.S. and §.V.N. armed forces a minimum of 1.5 acres* are
required to provide hcusing, necessary services, and stvorage for ther ani

thedir support equipment.

Q7 Land area in Forests - Meselson et al. (1970) estimate furest area to be

100,000 km2, Included under the designation “forest" are all lands with

trees whose crowns cover more than twenty percent of the area. This est
mate is based cn low resolution aerial photography and on U.S. Army terrain

difficulty maps. The forestry serviceSvi?f the French colonial governrent

estirated the total area of economically valuable hard wood forests at
50,000 km2 leaving out forests that were badly degraded, very young, or
located -n partiaily inaccessible mountatw =arrain. VA value of 75,000 an?

wss estimated from a vegetation map published by the government of Vietnam.

This value was

chosen as a rough approximation of the forest area at the

4
beginning of 1965, because the greatest expenditure of herbicdes in Vietnau

: !
has been on fairly mature tropical hardwobd forest (Meselson, at al., 1970).

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

. \
hard wood forest to be 4.1 X 10% g/m2 and that for rain forest 5.0 X 104.

QS Upland Forzei Structure - Rodin (1967) btated standing crop for subtrop:

Since 3 large majority of the forests of Vietnam are of the moist fores

type and the next most frequent type 1s secondary forests, a blomass of |
I

|

*It !s assvmed that a military base has the same basic system funct’ons
and flows as the urban system (with some specialized functions in terms of |
equipment storage, and control mechanisms.) All calculations using urben 8ys-
tems in Southwest Florida indicate for each urbau izhabitant .85 acres zres;
requived to house and provide them with neceseary services. Due to the higher
energy flows of the military system as compared to the urban system and an
accompanying increase in structure, it can be assused that larger amounts of
land wiil be necessary to accommodate the system components. Thus, an increase

of 75% in land arez over than required to house and maintain services for f'litary
personnel wa3 estimated.

! ;
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3.5 X 104 g/m2 was used.
The tropical meist forest covers approximately /0-757 of the forest svva
while the secondary forest make up the remaining 25-30% with small arcas of

semi-deciduous and dipterocarp dry forests.. . (Estimates from General Forest

Map, Government of South Vietnam.)
The total biomass or standing crop for 1963 was calculated by multiplvirg
the bilomass per sq. meter by the area of forests (18.5 X 106 X 404/ = ?.62 X B

1011/m2) (3.5 X 104 g/m? X 2.62 X 108 /2y = 9,17 % 1013 kg ~f blomass.

09 Dead wood (Dead fofest structure) - Prior to 1965, é38 kmz cf forest lanc had

been sprayed (Herbicide Assessment éommission of the Amerfcan Association for
the Advancement of Science, Backéround material rclevant tc presentations

at the 1970 annual meeting of the AAAS, Chicago, Ill, (Dec. 29, 1970) p. 14.)
"Some estimat;s indicate that one out of every elght trees is killed by a
single séraying and that 50 to 80 percent are killed in areas where more than
one spraying has occured.” (same reference). Therefore, a low estimate of
ZOZ killed in those(;rgas sprayed has teen made. This estimate takes intc
account the 107 to 12.5% killed after the first spray and allows for an
additional 10% due to scattéred seccnd sprayings. The amount of dead wood

for 1965 was calculated to bz 3.06 X lO9 kg, and was figured in the following

manner: (438 km?) (108 m/kn?) (3.5 X 10* g/m2) (1073 kg/g)(.20) = 3.06 X 10 kg. .o

Q1o Bare Land - is those areas that have had the4stand1ng crop markedly reduced;
it does not necessarily mean top soil that is expesed, althougﬁ in some cases
it 1s, but merely those areas throughout SVN that have had the standing crop
removed and are in various sfages of succession. in the three years prior
to 1965 458 sz of forests and 46 km? of apricultural lands had been sprayed

(impact of Vie: Nam War, 1971). Of the forests sprayed 20 Km’ cf the 458 km>
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was mangrove.* ‘Calcu’atine the amount of bare land tnat had accumulated

by 19865 was done by assuming firsz: that 9C% of the mangrove land sprayed
was still bare based on statements by Tschirley (1%269) that mangroves are

particularly susceptible to defoliants and that one application at the

normal rate emploved in Vietnan is sufficient :6 kill mcét ofﬂghe treé;;

And possibly because of lost seed source there has been little or no
:eestabliéhment of the foresr: second, that 177 of the upland forests
spraved prior to 1965 are still bare land calculated in the followiné'maﬁne"
it was assumed that of the area sprayed a 207 kill was achieved with c-
application of defoliants In the upland forests. Of this 207 at the end of
one year 2.8% has recovered or bare land is now 19.44%. At the end of 2
years '8.8% has recovered or 18.24% bare land; at the end of 3 years 13.4%

of the 20Z has recovcréd or 17.32% is still bare land. Third, that agficu1~

ture land sprayed 1s 90X defoliatad for that vear, assuming that ccme land

might be replanted within the year and be replanted the following year with
7 .

a 02 overlap. 1In other words 50% of that land/éprayedvin 1364 is still bare
at the end of 1965 and 1/2 of that land will be replantcd. The remaining

1/2 will not be replanted due to the abandonment of villages and ﬁamlets
because of the resettlement of the peaple who were in conflict areas. Fourth,

that forest and agricultural structure destroyed by bombing is calculated

in the same manner. However, there is no data avallable for the years prior

to 1965, Thus, it was assumed thare wu3 none.

*This area was measured of official DOD spray run maps at » scale of
1:1,000,000. At this scale it is difficult tn determine exact areas, howesver,
these maps are computer drawn and give an accurate indication of where the spray-
ing occurred. 3 different widths of individual spray were obsarved from theose
maps; these were agsumcd to be 25, 150, and 225 meters wide,
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The value of bare lzud is as follows*

forest sprayed in 1962 ' 20 km? {13.4%) 2.7 km2
| 1963 100im? (8.1 182k oo
o o 1964 346 kn® (19.447)  61.6 kn2
Mangrove sprayed prior te 1965 20 km? | (90%) 15.0 Kkm?
‘ Agriculture sprayed in 1964 » 42 tm? (50%) 21 km?
: “"","“.. spraysd iz 1965 A18 el (70%) 123 km?
% Mangrove wprayed in 1965 17 kam? (302) 15.3 km?
i Agiiculture sprayed in 1965 267 Im? (907) 240.3 km?
2 TOT4L | | , 5001 ke
% Q11 Seeded jsuad in mangroves -~ The total area of mangroves in South Vietnam

Q12

: Q4

.

has been estimated as 2,800 km? (.691 X 10° acres) (Meselson et al, 1970) and
Tschirley, 1969). 27 tn? had been sprayed prior to 1965 giving an area of
2,780 wm? ,€87 X *9€ acres.)

b4

Mangrove forest structure - This structure index includes only woody stem

biomass and h:s uien astimated as 5,000 g/m2 (Golley gt 3l., 1962) and between
4,000 g/m2 and 6,000 g/m2 by Bani{ubutana (1957). The value of 5,000 g/m2

was used, thus, for 1965 (2,800 kn2)(10%n2/kn?) (5000 g/m2) = 16,000AX 1Q67kg.7

Dead wood (mangrove) ~ There was 20 im? {20 X 106m) gprayzd pricr to 1365 and

a 90% kill has been estimated , thus, (20.0 X 106/m2)(.90) (5000 g/m?) = 90.0
X 108 kg as stated by Tschirley (1969). Tasre seems to be very little apparent
recovery or reestablishment after one 8pru;:ug, However, if there is, the 307

k111l 1s a conservative estimate and would s~ wwat for any reestablishment.

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

count, Evefy.refugee is a potential wood cutter cacsuse 1t provides a readily
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" have been dropped. ‘'
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available income source.

Viet Cong, N. Vietnamese troops in ccuntry - Very difficult to obtain, final-

ly found a reference in "Aviation Week and Space Technology', Jan. 3, 1966.

"Preseat Viet Cong strength: (1%66)

80-90,000 regular troops

100,06( guerillas

40,000 political activists”
This 18 an increase of 85,000 over Hay 1965 estimétes cf 38,000 - 46,000
-regulars and 100,000 irregulars by Pentagon.” Thus, a figure of 140,000

men was used for 1965; 40,000 regulars and 100,000 irregulars.

Land area in bomb c.aters - Very difficult figure to obtain; there are no

estimates or data available as yet on the size of creters produced per pound

of INT or for different size bombs, much lcss hew many of different size bombs

‘.v.there are two variablees that make estimates almost

impossible, type of fuseing and type of terrain (sail) that bomb is dropped

on. (There are) Many types of fuseing devices and each will produce different

rasults, and if fused to explode on contact with soil, and explodes on contact

wien

ith treee ingtead, a diffevent result is cbtained.”" (Perscnal interview

commander, Univ. of Fla, AFROTC). We thereiore have relied on two sources
for gstimates on the size of craters. Aviation Week and Space Techknology,
Mov. 29, 1955, p. 18 - "when delayéd fusing is used craters on the ground are
25-30 feet Jeep snd 50 feet wide at the top wirh a blow down of 150 feet in

diamet:r ix heavy undergrowth in Iron Triangle area with soft, loamy soil.

Westing (1972) states from personal observation that the craters were "20 to

40 feet across and 5 to 20 fest deep.” ¥He uses an average diameter of 30 feet

and depth of 15 feet. We have therefcre relied on the following figures:

craters 30 feat in disiteter and 20 faet deep with a blow dowm of 100 feet in

diameter,
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'authqtities draw upon when raporting popt

To estimate the number of craters,

't was assumed that 75% of all air

nunitions, expended were 500 pound boumbk capable of producing & crater as

deszribed above.
_The air munitions expended in 196

the Vietnam War), 75% of this figure is

pas 315,000 tons (see "Impact of

P36,250 tons (2,700 1bs/ton) =

245,000 bombs capable of producing a 706.5 sq. feet crater and a bare land

ares ~f ﬂ.iOO »q. ft., thus the area of

craters (70éuS sq. ft.)(9.45 X 109)=

667,442,500 8g. ft. of craters (2.3 X 1075 acres/sq. ft.) = 15,358 acres oi

craters,“u
ik

Pecple ~ The "Annual Statistical Bulletin" gives the total population for

South Vietnam in 1965 88.15,921,000. However, it states

.+.all population

figures for Vietnam should be regardcd ar estimates or gross approximationms.

The reliability of data for cities 1s si

areas. Internal security requirements p

must reglster himself and all these resi
o

tion and keep this registration up to da

of Statistics, It is believed that the

rate estimate of population., With the d

tion data became incomplete and the NIS |

gnificantly better than for rural

rescribe that each head of hougehold
iing with him at a local police sta-
te.

It is these records whith local

ilation data to the Natlonal Iastitute

1960 figures represent a fairly accu-

eterioratidn of security, registra-

has deemed 1t advisable, beginning in

1961-19€7 figures represent extrapolations of 2,5% per year on the 1960 figures.
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Flow 1. Incoming Energiles to city.

A value of 5252.8 million {U3) was ercimated for 1565 by comsulting Table
9 in "Annual Statistical Bulletin No. 14" import arrivals by Major Cemmodity.
Those commodities that were clearly consuner goods were added along with petro-
laur products, those chemicals nct used {n agriculture, textile Industry gocds,
machinery and vehicles that were clzarly not Qgriculture oriented, pulp and
paper preducts and 667 gf the comiodity laﬂeled "other" (the remaining 347 was
divided between agriculture and urban development energiés.) Tho;e commodities
that were clearly for the city were assigned to either agriculture or urban
development or both; by assvming Aﬁ to agriculture and 30% to urban development.
Based on finding a percentage that the known quantitles of each was of the total,
and the heading others was divided in ﬁhe following this dollar value, $25°.8
million U.S., was then multiplied by tﬁe current conversion factor of 14,000 kcal/$

(see general notes) to obtain 3.54 X 1012 kcal/97. This is the energetic value

of imports to the city for 1965,

Flow 2. Energies to Agriculture.

See Flow 1 for explanation. This value, $18.0 millfon U.S. for 1965 was

multiplied by current conversion factor 1f 14,000 kcal/dollar giving 2.52 X 1011

kcal/yr.

.

Flow 3. Energles for Urban Development.

See exﬁ?ar&éién for Flow 1 for caleulation of value. $ii7-87mlllicﬂ v.s.
(14,000 kcal/dollar) = 1.65 X 101%keal/yr for 1965.
Flow 4. 3Bombs Expended.

As described in the explanat‘en for Q16 land area in bombs craters, tc esti-

the number of bombs 1t v3s assumed that 75% of all air munitions exrernded

ware 500 pound bombs.

The air munitions expended in 19635 was 315,000 tons (irput of Vietnam War)
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Flow 6. Herbicides sprayel on agricultural land.
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(.75) = 236,200 tons. In reality this percentage represents only 37.57 of the
totai rurtiicns (lani, sea, air) expended, therefore, a very conservative csti-

mete,

201

' FIQQ'S.rrfne“gy of Réﬁé7p10w3 to scrape land.

In 1955 this value is O (zero). Reome plowing was startzd in Vietnam in

1968.

This figure was calcurlated by multiplying the 1rea spréyed by the an-avinp
rate of 3 gallons per acre*. For 1965 the r.opland: spraved was 65,349 aovest,

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

Flow 7. llerbicides sprayed on upland forests.

Calculated by mul:ipiying the afza of forest r.praved (found in "Impact of
the Vietnam War') as t.tal forest areas sprayed. This figure represents all
forests including mé;grove; thus, mangrove'spraved were subtracted {rom total
forest areas by the upplication rate ol 3 gal/acre. Tor 1965; 151,831 acres
of forest had beern =sprayed which wouid require 455,493 zallons of herbicida.

Flow 8. Herblecide, sprayed on mang oves,

I
i

Calculated by multiplying t land ares ot mamgroves that were sprayed by

‘the dpplication rate of J gal/acre. Thus, for 1965, 3,779 acres were e~rayed

using 11,337 gallons of herbicide.

Flow 9. V. C, and N. Vietnamese in active militéry engagements,
Assuming that there were 140,000 V.C. and NVN troops in South Vietnam in

1965**and that thes. were broken into the following percentage groups as follows

*Herbiside assesstent commissior for the AAAS, Background material relévant
to Presentations at the 1970 annual meeting of the AAAS, Chicago, I1l., Dec. 29,
1570. p. 1%,

**Aviation Week and Space Technology, January 3. 1966,
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447 puetillas, 38,37 polical artivior o, arl 17,77 resnlor tronpn.*
Cecrene b Ve < . R A S S - -t P re i Py -
gesuni=g that vegular troops amd gueril. . are hoth X« ; i

ments then 67.7% of the 140,000 troops or 6,380 tr

-~ P
~cops ave in active mili

engagements.

.

i, 106, City Land Bomled.

A difficult estimate to make - this figure was derive? bv assunilag

all bombing done 1+1s evenly distributed throughout the count
lating che % of the total land area of the country that is in city

was found to be .U58% and multiplying rhis times critered area of 15,75%

acres gilves 890.7 acres of citv land lombed. The reason for using craterad

land instead of the cleared land as in egricurture and forest land benbed

(see Flows 12,13) is simpiy because or the structural differences. City structure

is exceedingly more difficult to movi sc 1t was assumed that only the actual

craterad ares was cleared., Agairn thi

s estinate if exceptiona.ly comservative

on two counts. First, it seems earirely possible ttat more than L0587 oF all

bombs dropped on South Vietrnam were in citiles and, secend, 2 sumipg that the only
r b 3 pel 7

area of dectruction for each berd was that qf the cratered area is very naive an
best; this figure could range as high as 10 times this amcunt, lowaver, w
w.th only published information and not haviag access teo certain clissified in-
formation it is felt that consarvative estimate i3 better than ose *that might

be subject of much debate.

low 11. People Lilled.

"The Senate Refugee Subcummlittes

estimaced that therenave hean 1,054,000
civilian casualties in Vietram bertw en carly 1583 and early 1977, Includin:

about 325,000 killad." (Impact of the Vietnam War). An eatirmars of

*Based on reported ssrimates of 100,000 ruarillas, $0-30,7.0
and 40,000 political activist. for the year 1986 by Pentagon.
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was assumed by equating war deatls to the relative scale nf war year by year,

1965-1970,

Flow 12. Agriculture Land Bombedr
sgaln assuming that bembing w.2 evenly distributed throughout the country,

ard calculating the % of the land area that is agricultural land (17.23%) and
rultiplying thie times the total cleared area of 169,000 acres* g ves 31,100
acres of agriculture bombad and 'leared; This area will be returned to agri-
cultural production withia the vear, however, so itrwas felt a more accurate
3csc~g1eﬁt of damage to agriculture land would be in “he amount of land that
wn3z left in craters and therefire unusable for agric lture. This was found

ty multiplying the total cratered area, 15,358** acres by 17.23% given an area

n

£ 2,672 acr~s in craters.

Fles: 13, Upland Forest Land Eombed.

Again assuming that bombing was evenly distribu.:d throughont the country
and calculating the % of lar! area that is uplane forzst (58.8%) and multiplying
tiuls times the total cleared area (blo@down) caused by bombs, 169,000 acres (.179
acresi/bomb X 555,700 bombs gives 99,732 acres bombed and in bare land for the
;-ar., The awmount of land in craters was found vy multiplying 58.52 times the

area of toral craters 15,358 acres** giving 9,030 acres in craters.

- Flew 4.~ Craters in Natural Suceession, = =~ 7 7 T m TTomomoemme oo oo e e
This ig a vovry difficult nember Lo judge - the actusl crater in most cases

does nat disappear from the landscaps but to some extent will remain a permanent

*Based as a flow down of 100 ft. diameter (Aviation Wzek and Space Tech,l11/25/65)
“*Brses a crater size of 3 ft. in dimmeter (Westing, 1972) and (Aviation Wx.
ar< Space Tech, Nov., 29, 1965.)
#Based on u blowdown of 100 ft. in diameter .rom (Aviation Wk. & Space Tech,
Nov, 29, 1965.)
%%Based on a crater size of 30 ft. in diameter, (Weeting 1977) {Aviation W« &
Space Technolngy, No. 29, 1965.)
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feature (Orians 1970). However, there is noticeable filling from soil wash
down, and in some cases nquatic systams (where the crater remains wet year
s ound), are present after apprcximately one y-ar (Pfeiffer, 1971). Where
thece curaters are in agricultural areas they becore practically unusable except

for irrigation purposes; there also have been some reports that craters have

been used for fish ponds in forest rezions. The return to its former state
is a slow process indeed, starting with some gfasses (Imperats) and eventually
supporting same woody brush, vines and bamboo. I£ is therefore assumed that
the successional rate of craters is approximately .01Z for lack of any real
data. This means that ,001% per year of existing craters are retained to this

natural productivity or .001 X 15,358 acres of craters = 15.36 acres in 1965-66

were returned to their natural state, or some other productive state useful to

man. -

Flow 15. Agriculture Land Rome Flowed.

This value 18 zero (0); Rome plowing was started in early 1968. However,

in later users this was calculated in the following manner.

Flow 16, Forest Land Rome Plowed.

Again this value for 1965 is Zero (0); started in 1968, howeve~, iﬁ later

years, this value was calculated in the following manner.

Flow 17. Forest Land Herbicided.

fn 1965 155,610 acres of forest land were sprayed ("Impact of Viet Nam
War™), this value includes mangrove land sprayed, thus, from official department
of Defense Spray Flight overlays it was determined that 3,779 acres of mangrove

was spraved leaving a total of 151,831 acres of vpland forest sprayed.

Flow 18, Agciculture Land Herbicided.

Agriculture land area by yzar that has baen sprayed: 90X was ass:med to

be defoliated and unusable for the entire year for several reasons. First,



becausc farmers may have abandoned field; second, defoliation occurring late
in the frowiag season, and third, to compensate for any error due to second
applications .n certain areas. Thus, for 1965 -(6.60 X 10% acres) (90%) = 5.94

X 10“ acres.

Flow 19. Mangrove Land Herbicided.
This figure was measured off of official Department of Defense Spray Flight

overlays, (see Qio-Bareland for explanationg Area was 3,779 acres.

Flow 20. B#reland in Natural Succéssion.
Of the total bareland in storage in any one'year,‘the flow back into forest
land by natural succession is calculated in the following manner;of the forest
land defoliated that year 0.0% returns to fcrest, of the forest land defoliated
the year before (2 yrs pre;ious) 2,8% returns to forest of that defnliated 3 yrs
previous 8;82-returns to forest, of that defoliated 4 yrs previous 13.4% returns
and that 5 yrs pervious 17% returns, of that 6 yrs previous 72.8Z returns; it
was also assumed that 10 of agriculture land sprayed started into succession
because of abandonment. The bafe land in natural succession for 1965 was as
follows.
1962 Forest Spray total 20 km? (207 killed) = 4 kmZ X 13.4% = .54 m?
1963 Forest Spray total 100 km? (202 killed) = 20 kw? X 8.8% = 1.76 km?

1964 Forest Spray total 338 m2 ( 20% killed) = 67.6 kw2 ¥ 2.87 = 1.89 km?

1965 Forest Spray total 630 xm2 (20% killed) = 126 km2 X 0L = 0 .-

1965 Agriculture spray 267 Kkm?2 (207 killed) = 240.5 kmz X10% = 24,0 km?

Filow 21, Bare Mangrove Land Returning to Seeded.
It was assumed that .05% of the total in any ons year of bare mangrove land
was returning to seeded, Thus, for 1965 there was 51.3 ke? of mangrove land bare

and in that year .05% of .026 km? (6.34 acreg) returned to seeded.
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Flok 22. Bare Land Returning to Agriculture,

Here it is assumed that 85Y of agricultural land killed remains fallow ‘for

onelyear only, then it is returned to planted land, and that 5% of bare forest

land is reclaimed as agriculture,
10,374 acres sprayed in 1964 (83Z) = 8,817.9

113,126 acres sprayed in 1965 (52) = 5,656.3

s

14,474.2

Flows 23,.25, 26, and 27, "Land" converted to Urban lLand.

It has been estimated by A.I.D; that the urban populations of South Viet
Nam| have grown from 15 to 36 percent, and that tﬁe populations of Saigon and
Danang together swellea by ébout 1 =illion persons in 5 years.* It is assumed
that urban population has grown by 30 percent during the 6 year reriod (1965-70)

at a constant rate of 5% per year., It is further assﬁmed that urban structure

growth during this time 1s proportional to population growth., Therefore, if the

4
urbﬂn land area was 2.47 X 10 acres, then 5% growth per year will add 1,235 acres

per\year to South Vietnam urban areas.

Tlow 28. Agriculture Structure Bombed.,
As calculated for Flow 12, agriculture alnd bombed, 31,100 acres were cleared
by ?ombing in 1965, The structure per acre was calculated as 975.1 kgm/acre.

Thu#, the structure destroyed is calculated as the number of acres cleared multi-

pli%d by the structura per acrea.

1
i For 1965: (31,100 acres)(975.1 kg/acre) = 3.03 X 107 kg.
Flo& 29. PForest Structure Bombed.
\ Calculated in the same manner as Plow 28, using 3.5 X 104 g/m2 (see explana-

tion for QB) as the structure, and 99,732 acres as the area cleared {see explana-

tion for Flow 13).'

For 1965 (3.5 X 10% g/mz)(99,732 acres) (4047 m2/acre) = 1.41 X 1010 kg.

|
|
|

I
i
i
1
v
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Flow 30. Agriculture Structure Rome Plowed.

Plowed area multiplied by structure/acre (975.1 kg/acre). For 1905 -0-

Rome plowing was starved in 1968,

“—Flow 31. Forest Structure Rome Plowed.

Area cleared multiplied by structute/acre (3.5 X% 104 g/mz)(4047 mZ/acre)

= 1.42 X 10° kg/acre.

For 1965 -0- Rome plowing started in 1968.

Flow 32, Forest Structure Lost Du» to Defoliation.

Area sprayed (151,831 acres)(see Flow 17) multiplied by 20Z kill ba;ed on
explanation for Qq. Based on an initial standing crop of 3.5 X 104 g/mz, the
structure lost can be calculated by multiplying the area killed by standing cirop.

For 1965 - (151,831)(20%) (4047) (3.5 X 10! kg/m2) = 4.31 X 107 kg.

Flow 33, Agriculture Structure Defoliated.

The area sprayed times 90X (see explanation for Qo) multiplied by standizg

crops of 917 kg/acre,

For 1965 - 65,949 (.90)(9.71 X 102) = 5.95 X 107 kg.

Flow 34. Mangrove Structure Defoliated.
Area of mangroves sprayed multiplied by 90X (representing the kill rate)
and this multiplied by the figure for standing crop.— - - oo

For 1965 (3779 acres) (4047 m2/acre)(902)(5.0»x 101 kg/mz) = 6.9 X 10° kg.

Flow 35, Energies of woodcutters to cut wood,
This value is derived from the mean value for total energy expenditures of
5,908 keal per minute given by Partung and Rsets (1968). Assuming thal a wood-

cutter’'s work day is 10 hours, his expenditure is then 5.908 kcal/min X 360 min., =
2160 kcal/zay,
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Flow 36, Forest Structure Cut by Wood Cutters.

208

Data not availatle

Flow 37. Dead Forest Wood Cut by Wood Cutters.

Data not Qvailable

Flow 38, Mangrove Structure Cut by Wood Cutters.

Data not avaiiable

Flow 39. Dead Mangrove Wood cut by Wood Cutters.

Data ﬁot available

Flow 41. Goodsizxported

From the "Vietnam Statistical Yearbook," p. 192,

exports by country - the

is derived from the sala

I
|

Flow 40. Goods bought by Wood Cutﬁ%rs.

Data not available

from South Vietnam.

Weight of imports and

tctal for 1965 waz 1 77 X 105 metric voms. This value

of licenses, so it may of cff as much as 10% either way.
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Flow 42. Wood for Charcoal and Lumber to the City.

‘Data not available

Flor 43. Natural Energies to Natural Systeﬁs.

The sum of the natural potential energies of: Rivers (644 X 1012 kcal/vr), tides
(152 x 1012 kcal]yr), rain as runoff (119 X 1012), thermal heating (1680 X 1012 keal/yr),
wind absorption (52 X 1012 kcal/yr), and the chemical potential energy as gross
photosynthesis ecological systems (1312 X 1012 keal/yr). Total for 1965 is 2959 X 1012

keal/vr.
Flow 44, Money to South Vietnam from Outside Sources.

Obtained from "Annual Statistical Bulletin No. 14," p. 1. Table III -
Balance of Pyaments - 1962-1970 under official aid (sub~heading E). Total for

1965 $264.8 million. This value includes official grants, U.S. Govt. holdings

of disasters and official loans.

Flow 45, Money 1in exchange for outside energies.
Obtained from "Annual Statistical Bulletin No. 14," p. 9. Table I -

Foreign Trade Sunmary 1958 - 1970, uruer GVN financed imports for 1965, $85.4 millionm.

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 "Annual Statistical Bulletin No. 14.," p. 11, Table TII

Balance of Payments ~ 1962-1570 under subheading A. Exports - 1965, $40.5 milliom.

Flow 49. NVN Sources.

Data not available.

Flow 50. Abandoned and Agriculture Land.

This falue was calculated by knowing the land area that was supposed to
be in Agriculture for the following year and the amounts that flowed out during
the present year. In 2ach case the land areas that were lost due to herbicides,
boﬁbing and Rome plowing did not account for enough loss when compared to total
land planted In the following year (Vietnam Statistical Yearbook). Thus, Qome

land was lost to agriculture production due to movement of people off the land.

For 1965 - 5.73 X 10° acres.
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1. Bombing.

APPENDIX B

Calculation of Disordered Lands by Year
. |

: B U e / JS . - LI S
In the 6 years from 1965 to 1970, 5,556,100 tons of air munitions

and 128,500 tons of sez munitions were expended (Impgct of tbe Viet Nam
War, 1971). For the purposes of the model and lack of sufficient data it
was assumed that 75% of the air munitiona, only, were carable of produc-
ing craters equivalant to that of a 560 pound bomb (30’ in diameter) with
‘a Hlow down (tleared area) of 100' in diameter (Pfeiffer, 1971), This is
probably an over estimate of the number of 500 pound bombs dropped. Howf
ever, wnen compared with all crater producing munitions, the calculated
cratered ares is'conservativelat best. Wtih these calcﬁlations, then,
16,668,000 five hundred pound bombs ware dropped on South Viet Nam in these

6 years. This compares to 21 million estimated by Westing and Pfeiffer
1972). ' | )
It was assumed that the bombing was spread evenly throughout the
country; knowing the relative X of the total area of the country in each
of the four major land use categories (city land .058%; agricultural l,-d
17.23%; forest land 58.8%; mangrove land 1152), the percentages of bombs
dropped in each of these can be calculated., The number of crater produc-
ing bombs dropped in each land use category was then multiplied by the
cleared area produced by one bomb (.181 acre;). The following table shows

year by year totals for bombs dropped and cleared area.




YEAR  TOTAL BOMBS CITY LAND AGRICULTURE  FOREST LAND  MANGROVE LAND
{Cleared LAND (Cleared {(Cleared (Acres) ¢1p4
Acres) x10 Acres) x104 Acres® x1nb

1965 .96 Xx 106 1.2 x 102 2.9 10.0 .28

1966°  1.5%x 106 © 2.4 x 102 4.8 16.5 .45

1967 2.8 x105 3.2 x10° 8.8 30.0 .83

1968 4.3x 106 4.7 x10° 13.4 46.0 1.26

1969 4.2 X106 4.5 x10° 13.0 44.0 1.22

1970 2.9 x10® 3.3x10% 9.1 31.0 8¢

.

2. Herbicides.

In the six years from 1965 through 1970 a toral of 5,092,228 acres of

forest and 1,035,882 acres of cropland have been sprayed. Of the 5,1

million acres of forest sprayed 436,140 acrea were mangroves*. The acres

of defoliated land for each land use category were calculated in the follow-

ing manner:

First, Agriculture land sprayed was assumed to be 90% defoliated for

that year (assuming that scae land aight be replented in that year) and the

following yeer the land wa3: replanted.

Thus, caly one year's yield is lost.

‘Second, forest land ares sprayed was assumed to be 20% defoliated based on

statements from Meselson et a]. (1970) that "some estimates indicate that

one out of every eight or ten trees is killed by a single spraying and that

50 to 80 percent are killed in areas where more than one spraying has occurrad.

Therefore, a conservative estimate of 207 killed was assumed. Third, 90%

of Mangrove land sprayed was defoliated based on statements by Tschirley

*This area was neasured on official Dept. of Defense herbicide spray-
run maps, scale of 1:1,000,000; year by year totals for Mangrove land sprayed
are as follows:

1368 - 68,666 acres; 1969 - 90,155 acres; 1970 ~ 11,609 acres.

1965 - 4700 acres; 1966 ~ 96,330 acres; 1967 - 197,6C0 acres,
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{1969) that Mangroves are particularly susceptible to defoliants and that one

application =t the normal rate employed in Viet Nam is sufficient to kill

wost of the trees, and possibly because of loss of seed source there has

been little or no reestablishment of the forest. The following table shows

the year by year total laund herbicided and consequently removed from pro-

. dyction from each of the land use categories.

S L] SN R

i
L R T MR

YEAR TOTAL AREA  CITY LAND AGRICULTURAL FOREST LAND MANGROVE LAND

HERBICIDED AFFECTED LAND QUT OF OUT OF OUT OF |
W0t aece 107 acres DOUICTION  MNCTION mopoerion |
1965  22.2 " 6.5 3.0 .« 42 | j
1966 84.3 1.5 10.2 13.0 9.6 .
1967  170.8 2.8 22.1 26.0 - 19.8
1968 133.1 2.6 6.4 24.0 6.9
1969 128.7 2.4 6.6 22.6 9.0
1970 25.3 .6 3.3 4.2 1.2
"
3. Rome Plowing Operation.

With available information 350,000 acres of forest land wére estimated
8 being cleared from 1968 to 1970 by the Rome Plow Operatioﬁ. Westing and
|Yfeiffer (1971 and 1972) have calculated the area of plowed land at appro&i-

Mately 750,000 acres. They further estimate tha:ofthisﬁZS,OOO acres (were)

:ergii;; timberlands accessible to lumber operations, and 2,5C0 acres qf
producing rubber trees.” Thuese figures do not include prime timber land
that is not accessible to lumber mills but contributes to the total energy

budget of South Viet Nam. It was assumed that 350,000 acres of forests and 90,000

acres of agricultural land were cleared by the Rome Plow Operation. The land

areas cleared each year were assumed to be equal, bocause it was assumed the

operation proceeded at a constant rate.
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YEAR AGRICULTURE FOREST
LAND TAND |
10% acres 10% acres
1968 3.00 11.66
1969 3.00 11.65
1970 3.00 11.66

214
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Appendix C

1965
1966
1967
1968
1969
1970

Fuel to South Vietnam (thous. metric foné) (pérfirdi dcfc) -

1966
1967
1968
1969
1870

Imports

2,159
2423
2,269
2,367
3,469
3,358 %

1.005 2.
0.8622
I.OGZ:‘
1.128 °
1.210"%

(thousands of metric tcns)

3200 ] A

-

2800 ~

"VIETNAM ..
h STATISTICAL
2400 ~ YEARBOOK
4 7 970"
2000 T

L]
64 65 66 67 68 69 70

-

Il2 -y "
- \//.
0.8 = '

-

°~4"2 VIETNAM STATISTICAL YEARBOOK
1967-

0 L IR ] L R
64 65 66 67 63 69 70

Money Spent for Goods & Fuel by Vietnam

(inport arrivals) (millions U.S. 8)

"VIETNAM STATISTICAL YEARBOOK 1970"

1968"

IS65 387,7 800
1956  607.2
1967 744.0 800
1568 707.5 400 .
1969  837.7 ANNUAL STATISTICAL
1970 7i5.1 200 BULLETIN NO. 14"
é o 71 1T 17T 1T
64 €5 66 67 68 69 70
Sfrucfure Destroyed by War (thousands of ucres)
: 1965  2.12 ,
1966  7.34 iz_ﬂ
1967  12.12 A
‘ 1968  12.87 g -
i 1969  8.89 -
d 1970  4.54
4-<
% Only six month figures were given R
for these years, so figure was Y T 1 1T 17

double! for year total,

e~

-

L
6465 66 €7 68 63 70
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7. Simplified Simulation Model of Vietnam
and the Impact of Herbicides

" J. Zucchetto

Iﬁ Fig. 1 is a simplified version of the more complex model of Vietnam
given inSectioﬁ 6,Fig. 1 hag agriculture, non-human ecosystems, and urban
settlements that depend on outside sources of natural energies,.purchase of
fuels, purchase of goods and services inputs, inflow of money with U.S5. aid,
inflow of war equipment and disruption of war equipment by.communist energies.
The model has the feedback of disrupted structures to a storage of disordered‘
parts (e.g., land &estroyed‘by bombs and herbicides) that react with
available.energies to produce net structure. Table 1 has a translation of
the equations in Fig. 2 which mathematiéally describe the system configuration
in Fig. 1.

From the data. that were assembled for the larger descriptive modél,
storages and flow rates Qere estimated and these were used for the pathway ;

coefiicients as given in Tables 1 and 2. The scaled equations are given

in Table 3 along with the scaling factors in Table 4.
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General Equations

O
[
]

- n - - -
S+ KQ, ~ KQ 0N - KQ - K, QH - K, QQM

o
»
[}

KM+ ROW (Q) + Q3 +Q)) +KyH (@) + Q) - KQ,QM
O = K QM - KgQy® - KeQy - K@ 8

Q = K13 90M - Kyp0, - K Q)W

=K.,Q +A ‘_.’(15“ R SPLI

Fig. 2.
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Footnotes for Table 1

Figures are approximately 1965-66 values.

Assume that the nacural energies balance the losses to maintain a sceady—scatc

_ in the natural system. Thus, . - e -

S =X Ql where it is assumed that K Q = 0.02 Q = 2% of Ql/year

Storages:

18.5 x 106 acres

Ql: Ecosystem lands - Upland forests
0.691 x 106 acres

Mangrove

iton

19.19 x 106 acres

QZ: »Disordeted parts - Bombed

Agriculture: 31,000 acres
Forest:’ 9,030 acres in craters
City: ) 890 acres

4.092 x 10° acres
Herblcided

Forest: 150,000 aires
Agricultuce: 5.94 x 10” acres

21 x 104 acres
TOTAL: Q2 = 25 x 104 acres
Q3: Agricultural land = 7.31 x 106 acres
14t Urban land = 2.47 x 104 acres
M:  Capital in city = $281 millien

L
Herbicide use -~ Agricultural land: 198 x 107 gallons

Upland forest: 455 x 107, gallons
Mangroves: 11 x 10° gallons
644 x 103 gallons

C: Communist energies - 140,000 men or $555 miliion

Flows in Sygtem:

Rate of growth of urban land: K11Q1Q2M = 1235 acres/yr.

Bare forest land returning to agriculture: K7Q1Q2M = 5600 acres/yr.
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Footnotes for Table 1 (Continued)

Assume 50X of agricultural land replanted. Thus,

. 4 .
RgQyCW = 0.5 [3.1 x 10* + 5.94 x 10%] = 4.5 x 10% acres/yr.

Ecosystem lands destroyed:

K3Q1CW = 0.05 [(9.03 + 150) x 103] = 7.95 x 103 acres/yr.

War appropriations from U.S.:
W = $200 million

U. S. aid:
A = $250 million

Purchased input amounts to:
K4H = $50.3 million

Amount of structure destroyed:
. |
KCW [Q, + Q, + Q] = 40 x 107 acres/yr.

Amount of money'flowing in dve to sales:

The amount of money flowing out to purchase goods and fuel:

~ a
| (X5 + xls)u = $130.5 million Kle" = $8C.5 million

Bare land returning to agriculture:
= 14 .
K6Q1Q2K 14,000 acres/yr

Amomt of natvral land changing into urban land:
KllQlQZM = 1235 acres/yr. ‘

Amount of natural land converted into agricultural land:
K7Q1Q2M = 5600 acres/yr.

Rural destruction:

KBQSCV ® 4.5 x 104 acres/yr.

Rate of return of disordered land to natural land:
K, = 1.25 x 104 acren/yr.
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‘ Total herbiciderdestruction:

Food

Ecosystem destruction due tg

notes for Table 1 (Cont.)

herbicide:

- . 5 ,
KJIQIH = 1.5 x 107 acres/yr.

Agricultyral land destroyed
. 4
K30Q3H = 5.94 x 10 acr

KZIH(QI + Q2 + Q4) = 21

Urban bomb destruction:

K1304CW = 890 acres/yr.

by herbicide:
es/yr.

x 10° acres/yr.

Total bomb destruction:

Total ecosystem transformatio

K2Q1Q2H = 1235 + 5600 =

|
- Assume approximately 22 recycle into Q2 from Ql' Q3 and Q4=

40 x 10° acres/yr.

L into rural and urban:

E6835 acres/yr.

RS
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Coefiicient values:

Syl

n

i

14

i

i

i

it

]

n

0.05

0.355 x 1673

0.373 x 10”2

0.179

0.136 x 1077

0.104 x 100

0.0403 x 10710

5.55 x 1078

0.0092 x 10710
32.5 x 10°°

5.5 x 100

0.179

0.286
-2
0.79 x 10

0.812 x 1072

&, =K, = 0.02

9 12
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. Table 4
; Scaling Factors
?
% q QcH
‘ G —_—
5 30 x 10 12 x 1077
Q,
2 ¥Q,Q
1v 30 x 10t/
Q, QH
3 1
10 30 x 10°
Q, ¥Q,
1% 10+t
_ M4 QH
! 10 7
i 10
c
2 x 10°
¢ 2 W
; 6 x 100
| N
i H
!
: Q.CW
; 12 % 1013
| I S
360 x 10%2
3
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Results of Computer Runs

In the first ruﬁ (Fig 5) the syster was nc*: pulsed with a 5-year input
of herbicides. As can be seen from FPigz. 5 the various state variables in the
model eventually achievz z steady state value, the urban sector taking the
longest to zchieve steady étatel Notice in Figs. 6 and’'7 that the effects of
a 5-year herbicide pulse or a double intensity 10-year herbicide pulse ptoﬁuce
perturbations in the system variables during the first 10~15 years, a time
during which the rates of change are different than in Fig. 5. The system
has enough inherent stability to damp out the perturbatiqha and to'eventually
proceed to similar steady state values irregardless of whether tbere was a
herbicide pulse. The interestinquuestion ariseé as to the limits of herbicidal
disordering and destruction beyond which the system woﬁld not recover and a
completely new steady-state situatioﬁ would result. Of course, the stability
and recovery of the system are linked to the input of natural energy (soliar to
photosynthetic growth} and fossil-fuel and resource energy. Without thesé
order-directing pathways the system, under intense destructive energies, would
end in disorder with a much slower recovery rate.b |

Fig. 8 presents resultsbunder the assumption_that there is no flow, KoQZ’
from Q2 {digsordered parts) to Q1 (natural ecosystem). This situation might
arise if a political decision is made to develop thé devastated natural areas.
The system recovers to the same steady-state values as pefore except for
ecosystem lands which end up at a lower value (app. 162 lower). It is interesting
to notice in all the graphs that urban development follows a kind of pseudo-loglatic
curve even though there 1s only a linear depreciation outrflow and a constant
yearly rate of energy input (U.S. aid). The question arises as to what kind of

growth will arise if there is a square term depreciation outflow from Qa,
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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 tne parts. Fig. 11 i1llustrates thc

response with a KQ42 outflow from the Q4 storage.

wavéhr - Since the devglopggn;ané»;ecpveryApfrphgxgys;em 13 so dependent on

4 U.S. aid, i.e.? on fuels and resources, it is interesting to look at the

Vo response of the system under different levels of subsidy. In Figs. 9 and 10

. are the results for urban and agricultural growth for three different levels

' i - “of U.S. aid. As can be seen there is not a linear correspondencé between

U.S. aid ‘and growth. In fact, there seems to be a process of diminishing .

returns taking place in that the percentage increase in growth is decreasing with

equal increments of U.S. aid. This effect was definitely seen for the

agricultural growth in that there was virtually no chenge between 10 times ard

30 times the base level of U.S. aid. Both Figs. 9 and 10 assume that there is

.-

20 natural recovery from Q2 to Ql'

Perspective in Comparison of Herbicide Impact ;
with‘gther Disruptions :

1 |

Examination of the simuljlicn curves suggest magnitudes of impact of the

herbicide spraying period om t| » total energy flow of the Vietnam system. As

_shown in Fig. 6 the percentage‘kf energy lost, as a fraction of the area under

the disordered parts curve until steady-state is reached, 1s approximately
5-6%. The impact of herbicides exerts a short range effect, damping out

within a period of 5 years, as long as foreign aid 1s stimulating reordering.

.
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8. A SIMPLIFIED SINULATION OF THE I#PACT OF HZABITIDE A%

WAR CN PRODUCTIVITY IN VIETNAK

C. SWALLOWS

The destruction caused Ly war has a functional feln-
tionship with those materials which have not been affecte?
nor degtroyed. In energy terms, the stress of war upon
structure creates disordaring energies which 1ntefact with
ordering enerzies to assist the reestadblishment of order,
Ffor example, natural Slodegradation processes generate
nutrients from the organic matter of fallen trees which
will assist in the fertilization of the golil for the bene-
fit of tuture.trees and other plant life,

The disordaring energy in effect catalyzes the order-
ed energles directed to form new ztructure., This forﬁaticn
of new structure i3 a function of the rate of catalyzation
which in turn is a function of the quantity of the disorder

generated and the ordered esnergy avallable for the catsa-

~1ytic process,

A basic model of the Vietnam conflict is shcwn in
Fie, 1. It Aepicts basic interactions among the various
components of war, structure, disorder, an& ordered enerzy,
The application of stress upon the structure wili
nbviously decrease the quantity of thz structure, but
wnat effects does the stress have uvzen recovery time and

the steady~-state levels?
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consideration of spatial relationships. The forcing

.- .t

In the agrarian system of Vietnam, the productivity of

_forest land and agriéultural land has been a primary basis

for that society. What was the quantitative role of herbi-
cide in forest and agricultural productivity? How long
were lands renderedbunproductive?, How fagt were repa@rwﬂm>
mechanisms released? How rapidly iéférbaréd lands and
released nutrients accelerating successions and regrowth?

| In thils section two models are evaluated and simuiated
to suggest regyowth patterns for the forests and agricule

tural uplands of Vietnan,

Productivity Model One

The model shbvn in fig. 1. 18 a macroscopic view
of the Vietnam confliqt which depicts the order-disorder
symbiotic process, In order to simplify the complex inter-
actions vlfhin productivity, the available agricultural and

forest acreage was lumped into a single storage wilthout

functicns which contributed to the growth and stability
were natural enérgy and included scme foasil fusl subsidies
to the rural economy. These forcing functions are shown
interacting with the disordering energy to reesatablish
disordered land t- productive land. Exports provide in-.
come and the model assumes constant price; earnings go

for fuel., Financial subsidies from the Unlted States are

3

)
1
v
i
1
{
i
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shown further zubtsidizing naturel energy.

The warring factions act as two large energy sources
which match eéch other in the medel as to the power they

send into the war,

Dtrrefential Equations:
V=N-<+ Kxo" - KSHA - KV - K13V

E

D

KB”A - K9MD

K4A + KgE - Kglt

<
L]

Wy = C = KWWy

A - KZWAWG

P
-
[ ]

Numbers usad for scaling are given on the energy flows
shown in Pig, 1 as obtained from the following Table 1.
Tt::se numbers indicate the quantitiaz which have flowed

from the sources to the storages or from the stbrages to
another storage,

Note that Tables 2 and 3 sre footnote:: of Table
4, Thase tables indicate thea scaling procedure followed

for this model, Table 4 stows the results of the scaling

process,
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6 &7 U.S. war appropriations and effort

8 Herbicide application
9 Communist war effort
10 Natural energy

23 x 1013kca1
2.4 x 1013kcal
8 x lolzkcal

2.45 x lolskcal

*
Table 1
‘Flcw Type of Flow Quantity Source
1 U.S. aid to Vietnam 5 x 10 %kcal 'Annual Statistical
Bulletin #14°'
2 Money spent for fuel by Vietnam 8.5 x lolzkcal 'Annual Statistical
' _ Bulletin #14°'
3 Fuel to Vietnam . 1.62 x lolokcal Vietnam Statistical
: Yearbook
4 Herbicide destruction of land 21 x 104actes Impact of Vietnam War
5 Exports 2 x 108Kg Vietnam Statistical

Yearbook
Impact of Vietnam War

Impact of Vietnam War

Rk

*Numbers were derived from data paper by Mark Browa (Part 6)

**For flow 1U: Insolation:

(4000 kcal/mZ/day)(hooO nz[g?rq)(é';71Qﬁ”ggrea1‘365ﬂgays/ysar),m o

- 3,5 x 1015 kcal/year

Gross productin of disturbed cover is approximately 1¥ of

insolation., Therefore, 3,5 x 1013 kcal/year,

For one acre of vegetation order:

(10,000 ¥cal/m?) (4000 n?/acre) = 4 x 107 kcal/acre

Turnover: 3,5 » 1019 kepl/year

4 x 107 keal/acre

= 0.9x 108 acre/year

therefore, the turncver rate is approxinately

orice per year,
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Table 2

Scaling

' 13
KW, = 10

| L ol3
KZWAWC 10
KA =5 x 1012

K,V =2x10

= 100
KB“A 1

K. oIM = 100

KV = 2x10
v

1013

- - -1
(23 x 1013 (8 x 10t%) 73 *x 10

1083

5

" o x 1019 = 0.12 x 10712

S x 1012

23 x 1007

2 x 108

10°
102

23 x 10

23 x 1013

10°

13 =4 x 10°%

-0.022

0.2

0

4 x 10-11

-l
6 x 109¢0.5 x 103 = 3.3 x 10

3

1.2 x 10

6 x 106

6 x 104

6 x 104

1012

0.5 x 102

2 x 108

10°

e e

-~ 2.x10°8

0.2



Table 3

Pot Setting
12, ,. 13
c 1§'§310 iglg L . oo 11 0.8 (10)
(107) (10*7)
(23 x 10'3) 10%5) .
e = 0.23 13 0.023 (10)
10° 10°
N R 36 0.1 (10)
6 x 107555 14528,
. L - 5 15 . 0.5 (10)
1.2 x 10'13)(1028)
K, o5 = 1.2 16 0.12 (10)
0.022) 103 _
3 K . 2.2 21 0.22 (10)
6
(0.2) (10%)
K, 108 - 0.002 33 0.002
Gox 10719 (1015,
X, 108 - 0.4 - B R
8
1) ()
K 00 = o0.02 35 0.01
1adh | 1 34 0.1 (10
X 108 o
5
-11,, 1
" iC 105 2(10 ) 0.4 24 0.04 (10)
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Pot Setting
(0.33 x 10“1?)(1013)'
K 100 - 0.3 26 0.3
2 x 10°%) 1013
. .
K., 106 ] 0.2 23 2
(1)(106) rl| 25 a
K f———— = 1 2 .1 Qo)
13 10°
13
2 (10 ,
Ky PSE = 2 | 22 .2 (19)
0.2) (10%y
‘ 3—:—1313—2— = 0.002 32 .002
v 10 }
K4 Initial Conditich 12 .386
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Table 4

Pot Setting Address

1 ' 0.08 (10) c
12 0.386' Kll
13 0.023 (10) A

14 - Upper Limit
15 0.5 (10) Kl
16 0.12 (10) K2
21 0.22 (10) K3
22 0.2 (10) KF
23 0.2 KlO
24 0.04 (10) K8
25 0.1 (10) K13
26 §f3 ] Kq .
31 0.4 K5
32 0.092 Kv
33 0.002 K4
34 0.01 (10) K,
35 0.01 K6
36 0.01 (10} N




The graphs resulting from simulations are shown in

Figures 3, 4, and 5.

Since the starting condition was calculated with a
steady~-state diagram, Filg. 3' shows a constant, steady-
state quantity of acreage avalilable for production without
‘herticide and war., The steady~state quantityvis apprdxi-
mately 0.4 x 105 acres and the financlal status cof the
country remains low, .

Fig. 4 depicts the effects of herbicide defolia-
tion upon the components when the Americsan war effort
steédily increases, The steady-state value for productivity
is approximately 0.2 xl105 acres vhich is one~half the
steady~-state value observedyin Fig. 3. However, the
capital in the country has increased due to th& financial
ald given by the United States, There is more money per
capita relative to less producfion. Therefore, a higher
standard of living accrues as result of the war if such

available monies are distributed among the citizens,

'«w'—H4VﬂF1g;4m5~wmahous the trancition to a new gteady~ -

state with a constant level of war effort, Herbiocide
applicatirts reach steady state levels rapidly due to the
constant American war effort. Note that the response

time for herbicide is about 1.2 years whereas the tran-
sition period for productivity is about three'years. Tht:
lag denotes the length of time in which the herbiloclde

damage resaches steady-state with regrowth,

250
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Productivity Model Two

As showm 1q pggwgou:ce graphs in section B., the _

application of herbicide in Vi "nam followed a five year

pulse, Such a pulse waz aimulated on a slightly modified
modeal shown in Pig. 6. The graphs, shown in Figures
- ——-g—through 11,  predict the steady-state levels of the
various 1ntefaéting somponents in productivity model two.
Pig. 8 -shows the natural steady-state levels of
productivity when there 13 no herbiecide application. The
values are the same aé{those in Fier. 3. ‘
Ptgures. ey 10 and 10A. show the effect of
ﬁhe five year herbicide pulse upon Vietnaa's financial
status and_productlvity over different tine periods.

Pigures 10. and 10A, alsc show the resulting quantities

of disordered land within the system. Eventually, disorder

. |
will zradually return to zero but the surge o?ﬂdiaorder

|

the preductivity to its former steady-state 1é1e1 as the

und the resulting new order-disorder balance

application upon the basic productivity disappear within
two years in this model, Cﬁmpare this two year lag with
the 1.8 year laz observed in productivity model one, The
recovery time is relatively fast considering the amount

of land momentarily rendered unproductive,

253

__herbicide pulse fadas, . Note that the effects rUf herbictde -~
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in Fig. 11. the herbicide pulse width had been

increased from five to ten'years‘to deternine the effects
upon productivity, rinanclal‘atatus. and disorder, The
effect uponvdisorder 18 the only noticeable dissimilarity
between Pigures 10 and 11, Intuitively, disorder

Vbehgygs Asrgxpected since it 18 created by stress ahd,
thua the longer fhe stresg the greater the disorder.

'The recovery tisms time for productivity remains the same
although the period in which it is stressed had been
doubied. ' '

o b gt
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Differential uations

,Q"= Pulse Input

=.
L}

KW - KpM + KgV

D = KgW = KQMD

Scaling

The scaling in model two 18 essentially the same
scaling which was done in andel one except for the

. coefficients K3 and K8. K5 remained the saae,

KsW = 5 x 101Z keal

Ky= 5z %012 = 0.005

10

for the pot setting:
Ky: _(0,005)(10'5)

= 0.5 = 0,050(10)
1013
KaW = 10" Keal Kg = _2,2x 10" =27 x 107"
10'3

for the pot setting:
Kqt _(2.2 x 10711 (101%)
8 °
10°

= 0,27 = 0.027(10)

b e i AT 0 21

kv Eh SAMRTRLE 5,
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Conzlusions:

These simplified simulation models suggest that herbi-
cide application greatly decreases the'productivity in Viet-
nam'but for a relatiﬁely short period of time, The resulting
dieo;dered lands interact with the natural energies.And the
aubsidiéing energies to form a felatively fast recovery time
of two years., The recovery time 1s related to the natural
turnover rate of once per year, The amount of agricultural

and forest land rendered unproductive in the model during
the périod of herbicide application and the follbiing re-
covery time reduced the productivity by 8.25% during the
five years of herbicide application»and the two years of
recovery,

However, the financial assistance given by the United
States genefally increased in the same years as was the
herbicide applied to agricultural gnd forest lands, The
fihancial aid subsidized the export income., This would

imply more capital per capita although the productivity of

‘the country is low. Financially, the coiflict in Vietnam

stimulated the econeomy during these years and the energies
purchased may have added to energy subsidies avallable to
rural productivity as this model provides,

Observations in Vietnam indicate some validity of the
models. The recovery time of twn years observed in pro-

ductivity model two 1s substantiated forests which were

262



bonbed . several years agofthat have grown so dense that

~the bomb e¢raters cannog,be secen from the air, Alsb.

agricultural lands which have been sprayed with herbicide
or bombed sevéral years ago are now producing crops,

The increased influx of imports during this periocd of
herbicide application substantiafee the stimulation of
the economy of the country, For exampla.‘a very pobu;ar

import product was motorcycles,

e A 2 e -
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9. Effect of Aerial Application of Herbicides
On a Mangrove Community in Southwest Florida

Maurice G. Sell, Jr.

Introduction’

As asequel to the large scale spraying of herbicide in the Republic
of Vietnam, Dr. Howard Teas of the University of Miami initiated a project
to study the effects of aerial application of herbicide on a mangrove community
in southwest Florida. He was assisted in the actual sprayiag by Jerry Kelly,
one of his graduate students. Three sites were sprayed with Agent White

on December 15, 1973, and three additional sites were sprayed on January

19 1973. A study team from the University of Florida consisting of

T. Ahlstrom, J. Bruwd.r, and M. Sell also participated in this program by
obtaining measurements of parameters such &8s tree diameter, identification
of tree species and whether they are alive or dec., fallen green and yellow
leaves, number of live and dead seedlings. and number of snails.

By virtue of this spraying experiment a chronological account might
then be made of the events that occur following spraying. How long does it
take for the leaves to actually fall? What levels of herbicide are needed
before defoliation is 10027 What species show the ability to rebound after
spraying? What changes occur in those mangroves not completely killed but
obviously stressed? By what means do the mangroves recolonize a eprayed ar=a?
Once the leaves have fallen due to spraying, how long does it take a tree to
die if indeed it ever does? Hopefuilyq these and other questions will De

answered by this experimexi.

Methods

Some parameters studied at the Marco Icland, Florida site included

number of fallen green leaves, number of fallen yellow leaves, nuzber of

et o A 2
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crabholes, number of coffee shetl snails, Melampus coffeus, number of red

mangrove and black mangrove seedlings that were alive and also number that

were dead. The above parameters were counted in five plots that each

__measured 20 meters by 4C meters or 800 m2 in area. The five plots included

a plot in which all the trees were harvested, a control plot and three plots
that had been sprayed with Tordon 101R. Fig. 1 is a map of the sprayed
sites in southwest Florida. This {s a herbicide quite similar to one of

those used in South Vietnam, EKerbicide dosages for the spray plots were

=~ 71 1/2 gallons per acre (estimated), 3 gallons per ac é'(ééiiﬁéfeaj; and 2.2

gallons per acre (measured). In eagp plot counts o *Fhe parameters were made

in cach of 10 areas. These areas were 0.4 m2 at theHS-week interval and.
0.77 nz at the 20-week and 33-week intervals. Spraying of these plots was
done on December 15, 1972 with a helicopter. Sampling dates were in-
January, May, and August, 1973, representing periods of 5, 20, and 33 weeks
after the initial spraying. Sample areas inm each plot were chosen at random
to obtain representative counts for each parameter in a pld:. Sample areas
were different at each sample period so the data did have some scatter.
Growing tips of young red mangrove trees were also studied in each of the
sprayed plots. Trees were anywhere from two to six f;st in height, and the
smaller ones were also required to have branches. These trees were then
observed closely to deteimine if the growing tips were alive or seemed to
have beea killed by the herbicide. Counts were then made of trees with at
ieast one growing tip and also of trees that did noti‘ppear to have any live
Edve been killed

initially and new growth was emerging beneath the old tip ora side shoot.

growing tips. In many instances the growing tip may

The three sprayed ploté mentioned earlier were studied in this manner at

intervals of 20 and 33 weeks after spraying. Three othaer plots were sprayed

five weeks after the initiul spraying at dosages of 4.25 gallons per acre

(measured), 6 gallons per acre (estimated) and 2.4 gallons per acre (measurad).

For these plots the growing tips were counted at intervals of 15 and 28 weeks
after spraying.
In each of the sites sprayed December 15, 1972, (10 meters x 20 meters)

an area equal to 25% of the area of each site was mapped and the diameter of

265

each tree was measured., Live and dead trees were 2l1so discerned., This mapping

and measuring was also done for one of the control sites but for a larger

area (20 maters x 20 metecs). Mapping was done with an allodade and a stadii

Bt o Va0 S s UE 4 B e Mt ¥ 50 e 6 Wemim s o 11 o,



c-1

c-2
SPp-1
SP-2
SP-3
SP-4
SP-5
SP=6

265a

Legend to Pigure |

Control area

Control area

Spray plot 1 (1% gallons per acre estimated)
Spray plot 2 (3 gallons per acre estimated)
Spray plot 3 ( 2.2 gallons per acre measured)
Spray plot 4 (4.25 gallons per acre measured)
Spray plot 5 (6 gallons per acre estimated)
Spray plot 6 (2.4 gallons per acre measured)
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rod (used to get distance and direction).

Results

Density of Green Leaves

The number of green leaves was not deteimined in the clear cut plot at
five weeks after cutting and no green leaves were observed ai 20 and 33 weeks.
The control plot had 0.5, 0.6, and O green leaves per m2 at 5, 20 and 33
weeks. The plot sprayed with an estimated dosage of 1 1/2 gallons per acre
had 31.4, 0.1 and 0.1 green leaves per mz at 5, 20 and 33 weeks. The plot
sprayed with an estimated dosage of'3‘gallona per acre had 29.0, 0.8 and 0.1
green leaves per mz at 5, 20 and 3? weeks. The plot sprayed with an actual
dosage of 2.2 gallons per acre had 75.8 green leaves per mz

no green leaves were observed at 20 and 33 weeks.

at 5 weeks and

Density of Yellow Leaves

The number of yellow leaves per mz was not determined in the clearcut

plot at 5 weeks after cutting. The clearcut plot had 0.4 and 0O yellow leaves
per mz after 20 and 33 weeks. The control plot had 20.2, 1.2 and 2.7 yellow
leavea per mz at 5, 20 and 33 weeks. The plot sprayed with an estimated dosage
of 1 1/2 gallons per acre had 104, 0.3 and 1.8 yellow leaves per m2 at 5, 20
aﬂd 33 weeks. The plot sprayed with an estimated dosage of 3 gallons per acre
had 141, 0.5, and 0.1 yellow leaves per n at 5, 20 and 33 weeks. The plot
sprayed with an actual dosage of 2.2 gallons per acre had 304, 0.4 and 1.0
yellow leaves per m2 at 5, 20 and 33 weeks.

and yellow leaves are given in Table 1.

The results for both green leaves

Dengity of Crabholes

The number of crabholes per mz was not obtained at the sampling period
5 weeks after spraying for any of the plots. The clear cut plet had 14.9
crabholes per‘m2 at 20 and 33 weeks. The control plet had 14.2 aad 15.5

crabholes per mz at 20 and 33 weeks, respectively. The plot sprayed with an

estimated dosage of 1 1/2 gallons per acre had 6.8 and 13.1 crabholes per mz
at 20 and 33 weeks. The plot sprayed with an estimated dosage of 3 gallons
per acre had 13.2 and 10." crabholes per m2 at 20 and 33 weeks. The plot

sprayed with an actual dosage of 2.2 gallons per acre had 12.5 and 14.9



Weeks after

sorazinz

Clearcut plot

~ Control plot

Spray plots

1} zallons per |
acre(estimated) -

3 gallons per
acre(estimated)

2.2 gallons per
acre (measured)

hd Densitleg in =
of J2.4 m* each
weeks.
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TABLE 1

Denwity‘of Ireen leaves and yellow ieaveé 2
per mé follcwling aerial avplication of Torion 101°

: Number of grgen Number of sellow
« °  leaves ps- m~ leaves per o~
=2 2 32 - 2 33
== 0 0 - 0.4 0
\ .

0.5 0.6 0 _ 20.2 1.2 2.7 .
31.4 0.1 0.1 104 0.3 1.8
29.0_'0.8 0.1 141 0.5 0.1
75.8 0 0 304 .4 1.0

ach §lot are based on an average og 1) samplinz =:eas
at 5 weeks and ol areas of 0.77 m“ eacn at 20 711 33



LN

=

R

N

’

e e i e Smt—— =

o ——

e 5 e e o

RPN

e AR g g B SR R G T B o

269

crabholes per mz at 20 and 33 weeks. These results are given in Table 2,

Density of snails

The number of live snails were not counted at the 5-week intaerval

in tha clear cut plot but at 20 and 33 weeks the clear cut had 5.1 and 13.8

live snails per mz, respectively. The control plot had 38.1, 66.0, and

38.4 snails per m" atr 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
per mz at 5, 20 and 33 weeks, respectively. The plnt sprayed with an

estimated dosage of 3 gallons per acre had 45.5, 56.5 and 3.2 snails per m2

at 5, 20, and 33 weeks. 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 seedlings per m2 ar 20

and 33 weeks. The number of black mangrove seedlings was 3.3 and 2.3 m2

at 20 and 33 weeks, respectively. The centrol plot had no red mangrove

seedlings at 5 and 20 weeks but had 0.2 per mz at 33 weeks, The number of

black mang~~ve seedlings in the clearcut plot was 0.8, 0.6 and 0.3 at 5, 20

and 33 weeks. The plot sprayed with an estimated dosage of 1 1/2 gallons

per acre had 2.0, 0.2 and 0.5 red mangrove seedlings arnd 3.7, 2.1 and 2.2 black

mangrove seedlings at 5, 20 and 33 weeks, respectively. The plot sprayed

with an estimated dosage of 3 gallons per acre had 2.0, 0.4, and 1.7 red

mangrove seedlings per m2 and 7.3, 4.9 and 2.9 black mangrove seedlings per m2

at 5, 20 and 33 weeks, respectively. The plot sprayed with an actual dosage

of 2.2 gallons per acre had 2.8, 2.5 and 0.5 red mangrove seedlings per mz

and 4.4, 1.8 and 3.2 black mangrove seedlings per mz at 5, 20 and 33 weeks.

Density of Dead Seedlings

No Jead seedlings were observed at any time in the clear cut plot and

also the control plot. The plot sprayed with an estimated 1 1/2 gallons per

acre had 0.6, 0, and 0.4 red mangrove seedlings per mz and 2.0, 0.5, and

0.5 black mangrove seedlings per m2 at 5, 20 and 33 weeks. The plot sprayed

with an estimated 3 gallons per acre had 0.3, 1.1, and 0.5 red mangrove

seedlings pef hz at 5, 20 and 33 weeks. The plot sprayad with an actual

dosage or 2.2 gallons per acre had 0, 1.8, and 0.3 red mapgrove szedlings
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TabLs 2

*
Density OF cratholes ani of the coffee shell
snail iMslatpus ccffeus fgllowiny cearial

application of Torion 1217 g

*Numbar of grabholes Number of Enails
) ol Tallile il _ ner m
Waeks after ,
sprayinz -2 20 23 -2 20 5]

. . )
Clearcut slot IR VSE I T --- 5.1 13.8
Control plot -== 14,2 15.5 © . 38,1 66.0 38.4

; Spray nlots
5 1% gallons per ,
| acre(estimatel; -—- 6.8 13.1 _ 4.7 68,3 54.8

3 zallons per , A . .
acre(estimatei) , --~ 13.2 10.7 4b5.5 56.6 3.2

& 2.2 zallons per :
| acre{measurei) --~ 12.5 14.0 ?77.7 15.7 15.5

* Densities in egch plot are based on &a averaze of 10 s%mpling
areas of 0.4 m™ each at § weeks and of areas of 0.77 m“ each
' at 20 anl 33 waeks.
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per nz and 4.7, 0, and O black mangrove seedlings per m2 at 5, 20 and 33 weeks.

Study of Red Mangrove Growing Tips

The plet sprayed with an estimated dosi>2 of 1 1/2 gallons per acre had
50 young red mangrove trees with at least one live growing tip out of 84 trees
that were counted. The rest of the 84 trees had no live jsrowing tips. The
count was made at 33 weeks. The ﬁlot aprayed with an estimated 3 gallons per
a.re had 45 trees with at least one live growing tip out of 109 trees that T
were counted at 20 weeks and 56 out of 74 counted had live growing tips at
33 weeks. The plot sprayed with an actual dosage of 2.2 gallons per acre had
43 trees with at least one live growing tip put of 107 counted at 20 weeks and
92 out Ff 158 counted had live growing tips at 33 weeks. The plot sprayed with

- on ac:al dosage of 4.25 gallons per acre had 144 trees with at least cone live

growing tip out of 236 trees that were counted at 15 weeks and 134 out of 177
had live growing tips at 28 weeks. The plot‘sprayed with an estimated dosage
of 6 gallons per acre had 59 trees with at least one growing tip alive out of
195 counted at 15 weeks. The plct sprayed with an actual dosage of 2.4 gallons
per acre had 53 trees with at least one live growing tip out of 224 trees
counted at 15 weeks. No counts were made for these last two piots at 28 weeks.

Figs. 2 to 5 are maps of each of the first spray sites and a control
site showing the mapped areas and the identificatipn of the tree species along
with the diameter of each tree. The data on the maps are summarized in Table
5.

Discussion

Table 1 shows that the effect of the herbicide application 18 to cause
early abscission of leaves while they are still green. The highest number
of green and yellow leaves lying on a square meter of forest flocr occurred in

the plot sprayed with an actual dosage that averaged 2.2 gallons per acre over

the canopy. One reason for this may be that the actual dosages reczived by the

other two plots may have been much less than the levels desired. Another
possibility 1is that the other two plots have a greater number of black mangroves
than red mangroves. The plot with an estimated dosage of 1 1/2 gallons per
acre was 76% black mangrove (F.g. 3) and the plot with an estimated dosage

2

of 3 gallons per acre was 607 hlack mangrove (Fig. 4). The plot with 2.
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TABLE U

gffect of aeriél application of Torion lOlri
on the growinz tips of Anizophora seeilinzs

Number of seeilings Number of seeiling; Aatio of
with at least one with no live'growinz 1live to
1lve zrowinz tip - tips eai
Weeks after .
spraying 15 20 28 13 15 20 28 15 20 28 13
Spray plots
1% gallons per
acre(estimated) « == 50 e 34 ——— 1.47
3 gallons per - -
acre{estimated) bs 56 - 6b 18 .70 3.11
2.2 zallons per , f
acre{measurel) 43 32 64 - 66 0.67 1.39
4.25 gallons §er ‘
~acre{measurei) 144 134 92 43 1.56 3.12
6 gallons per . o '
acre(estimated) 59 - 136 ——— 0.3 -—
2.4 gallons per . :
acre(measured) 53 = c-w 171
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Legend to Figures 2,3,4,5

Live Rhizophora mangle

Dead " "

Live Avicennia nitida

) Dehd T n "

Live Laguncularia racemosa

Dead L "
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Table 5
Composition of Mangrove Forest at Herbicidc Zxperiment Site
on Marco Island Prior to Spraying
Control Plot Spray Plots

Measurement 1 1 2 3

Numper Rhizophora mangle
Live (diameter < 1") 0 13 41 45
Dead 19 9 13 9

Number Avicennia nitida

Tive (diameter < 1") 150 41 63 14
Dead 50 31 43 3

Number Laguncularia racemosa
Live (diameter‘i ") 0 o] 1 5
Dead 0 0 3 4
Percent dead to total standing 31.7 42.5 64 20

trees




279

gallons per acre was only 22% black mangrove (Fig. 5). 1In this study the
first trees to be completely defoliated were the white mangroves

(Laguncularia racemosa). Red mangroves were also very susceptible to

harbicide but loss of leaves took longer. The least susceptiblé were the
black mangro—es which helps to explain the lower legf counts of the plots
~with the estimated dosages.

~ By the time 20 weeks had elapsed th2 number of fallen green and yellcw
leaves on the ground‘ﬁad decreased to levels equal to or slightly'lower than
the control plot levels. The 2.2 gallons per acre plot was defollated to such
an extent that no green leaves were observed on the ground at 20 or 33 weeks
after spraying. The low values for all of the plots at 20 weeks indicate
that defoliation had'ptogressed as far as it was going to by that time.

One of the fauna occurring 1nlsignific5nt numbers in every plot was the

coffee-shell snail, Melampus coffeus. This animal occurs on the forest floor,

on the prop roots, the pneumatophores and ‘the mangrove trees and is a grazer

of detritus and algae in the mangrove community. Although a count was not

made before clear cutting, the counts made after the fact were very low

compared to the control plot. This indicates that the snail has left the clear

cut area for some reason. The same phenomenon was observed in the plots

sprayed with an ac;ual dosage of 2.2 gallons per acre and an estimated dosage of

3 gallons per acre. The plot sprayed with an estiméted 1 1/2 gallons per

acre has also shown a decline in the number of snails with time after

spraying but not as noticeablé as the other two plots, The reason for this

decline in snail numbers may be due to the presence of increasing amounts of

solar radiation reaching the forest floor. 7This would have the effect of

heatingrthe water and the soil to,températures that are_ too high.-for the snail

7}; foierate, The question that arises here is whether the snails leave or do

they die. '
Ancther animal that is commonly found in mangroves is thbe [iddler crab which

i3 represented by many species in the genus Uca. Fiddler crabs dig burrows and

g0 to obtain a rough estimate of the numbers of fiddler crabe the number of

crabholes per m2 was counted in each plot. Table 2 shows that there 1s very

little difference in the number of crabholes as the time after spraying increases.

The validity of using this technique as an indicatnr of crabs present is

questionable. Obviously, the presence of a hole is not a positive indicator

that the crab is still there. However, based on the available data it does

not appear that elimination of the canopy significantly eff{ects the fiddler

crab population in the sprayed and ¢.ear cut plots.
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Table 3 shows thac the overall effect of spraying was to decreass the

number of live rsecdlings as the time after spraying increased. Another cause

of seedling deatt was probably from the many investigators walkivg In the

plots. Al:hecugh the mua:cr of live red and black mangrove seedlings decreased,

the number of d~ud reug .4 black mangrove seedlings did not correspondingly

increase ve » r ~u. Tre Ciscrepancy here may be due to the sampling

technique. D’fferert 4 .18 ‘were sampled at each sampling period after sprayiny

and there may be s3rme u.. utentional bias entering in here. Dead red mangrove

seedlings do ap;ear t~ . .rease in two of the three sprayed plots and remain

reasonably const. .* in ¢.: c*her plot.

Because no de. tni.e conclusion can be made as to why live seedlings are
decreasing and dead bla I wmangrove seedlings are not correspondingly increasing

but are instead decreasing, another means of measurement was devised to find out

if the herbicide was influencing seedlings., The number of seedlings with at

least one live growing tip were compared to those with no live growing tips.

Table 4 shows a column indicating the ratio of seedlings with at least one

growing tip to these with no growing tips. In every spray plot where two time

periods have been obsgserved this ratilo has increased. The significance of this

is that those seedlings with no growing tips are beginning to recover from the

spraying. The dosage in the understory where these seedlings are found was

found to be about 0.5 gailons per acre when measured. The effect of the

herbicide in many instances was to kill the growing tips but not to defoliate

the older leaves.. Apparently this has enabled the young mangrove trees to

recover. An effect of the herbicide {s noticeable by the occurrence of the

new growth coming out a side shoot rather than 1its normal position which was
killed by the herbicide.
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10. Section {n Part A Baaed'on Fla-NAS Contract

The following 1s the section prepared for Part a of the report to Congress and
Committee approved July, 12, 1973. It summarizes some findings of the contract.

VIII. EFFECTS OF HERBICIDES ON ECOSYSTEMS

The NAS Committee was asked to: '"Investigate the ecological and physio-
logical effects of the defoliation and croo destruction programs in SVN."

Results and conclusions of greater or lesser degree of confidence, dependent on a

irvariety of factors, flow from such a study. Ome caution in interpreting such

a study is to avold the common tendency to assume that all changes are effects
only of the impact of the.agents (herbicides) being studied. Such an interpreta-
t{on would be inappropriate in this case since it {t known that many changes
were taking place independent of herbicide sprays in the period siance 1962.
Another common error is failing to consider secondary interactions, feedvack
actions and time delays. To recognize and evaluate such complexities while
visualizing the relatlonships of man and nature in overview, systems diagrams
are helpful. For example, a simplified overview -¢ Vietnam's energy basis is
drawn in Figure 1. This diagram shows the actic. ot war and herbicide accelerat-
ing recyclic reuse of disordered lands, building materials from damaged townms,
displaced populations, and nutrient chemicél elements. These are all parts
out of which new order is generated when they are fed back to stimulate re-
titative evaluation >f the rates gives perspectives on what is imporiant, and
computer calculations are used to show cumulative effects.
The defoliation and crop destruction programs in SVN had undeniable

ecological, physiological, social and economic irpacts. Similar effects from

"different causes are present in many areas of the worid ircluding Vietnam.

In Vietnam, as a result of the war, there wer --s8ive social and economic

changes associated with the transformaticn of the economy and movement of
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peoples; thera were vast areas exposed to destructive forces of h._ubing and
shelling. The Impacts of defolfation and crop destruction must be considered

and Lnterpreteq within this context. The relative magnitudes of comporent

tive.

Lafge scale systems of man apd nature such as inland forest, mangrove
forest, agricultural countrvside, and urban areas undergo continuous processes
of’cbnsfrﬁgéiﬁn,rsélf main:enance; and recoqstrﬁctiop tﬂat tend to increase
or replace the amount of organized structure in the form of, for example, human

settlement, trees, 8oil, or wildlife. At the same rtime there are natural

tendencies for structures to deteriorate with time. Thete are also upecial

disruptive prucesans auch as earghquakes, hurr'canes, and war, iuciuding,for
example, the defoliation and cvop destruction programs.

Viewing Vietnam's processes ag a whole assists in gaining insight into the
relativé magritude of any one disruptive process. One way of doing this is
to combine understanding of relationchips in oimplified systems diagrams like
that in Fig. 1. Simplified summarizations are soﬁetimes called models. Dia-~
gramming and quantitative evaluating of the parthways of causative action are also
a means of recogrizing and presentir3 mathemazical relationships, which can then
be combined in zomputer calculations to make pradictions as to the effect of
mathematical equations. Along with human intufrtion and judgment the "systems
modelling methods' have been demonstrated as a useful tool for obir :tive fore-
casting of the relations of parts of the enviromment to show consequences in
time of their interactioras. 1In our study several modelas and computer simulations
were made {ncluding the conditions of temperature affecting mangroves in bare
mud micrchabitat (See Part B), the flows of rnitrogan and phosphorus affecting

the reforestaticn in the Rung Sat estuary (Fig. 2), the effect of seedling
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supply énd wocd cattirg on mangrove reforestation (Fig. 3), and the impact of

herbicide on the overall erergy budgat of Vietnam as a whole.

Herbicide and Other Effects on the Mangrove Ecosystem

Particular attentlon was given to the mangrove forest because the mag-
ni&ude bf disruptisn by the defoliation program wasrobviously greater than
for other vegetative tynes, and because the most affected mangrove area (the
Rung Sat) was avallable for field study ro obtain basic information used in
the systems model.

Before herbicide spraying (1958} about 51 percent of the Rung Sat was
mangrove forest. The rest was water (22%), bare soil, brush, and agriculture.
The fish and shrimp food chaiﬁs in the waters were receiving organic
matter from thrée sources: (1) three inflowing rivers, (2) the mangroves, and
'(3) photosynthesis of phytoplankton. The vigorous eight fodf tide was ex~
changing the estu;rine waters with the South China Sea every few days. Oxygen
levels in the water were apparently between 5 and 6 ppm, which is slightiy
bhelow gaturation as expected where there 1s much conaumption of organic matter
irflowing from rivers and swamp. Acldity was in the range of pH 6—7 in low
salinity zones, grading to the usual 8,2 in the open sea. There was a fighery
using non-mechanized means by pr.ople in the mangrove areas. Waters were slight-

1y turbid as characteristic of a river delta region.

~_ Data available before spra;ing were used to make some inferences on the e

estuary and some inferences were made by a comparison of the waters in defoliated
and non-defollated sections of the Rung Sat.

After spraying, and as examined in 1972, defoliation and other eﬁanges due
to war auch as increased river traffilc, dredging, and more use of motorized
fishing vessels had affected the aquatic ecosystem in several vars, Increased

turbidity of water due to srganic detrituz from decomposing mangrove and greater

ER.

PRV



siltation’ cortributed to decreased phytoplankron ahd zooplankton, thereby lower-

iag oxygen lervels to betwr~en 3 and 4 ppm. There vfs no significanc change in

pH during this neriod. The total, fish catch pur ‘%Lt effort of fishing vessel

declined confirming information from interviews that stocks were
8

down. Since motorized fishing has been introduced |we do not know what part of

the decline in fish catch per unit effort was due to overfishing, to loss of

mangrove habitar, increasad water turbidity, or other factorr.
Because some of thc foods for aquatic life in

}
tained by decomposition of the residual snrayed manproves a continuing decline

he estuary are being sus~

in this fraction of\tbe cstuary's nutritional status is anticipated. if there
* j, i

1§ a

1 i

delay in recolbnization of the msagrove area, there may be a delay in
. | :

restoring the mangrove component to the fishery foo% chains. However, the

fraction of detritus that comes from the river is not expected to change much

\
\

and phytoplankton contributions may increase again %s turbidity deccreases.

. 1 ,
One major impediment to recovery of sprayel mangrove forests ig the avail-

|
ability of young trees. Some mangroves, e.g. gbizoéhggi reproduce by means of

large seedlings which‘do net drop from the pareut tr%e unvil they are 8 inches

long or more, others by nut-like fruits, e.g. Aviccn%ia.

|
grove the seedlings or auts float and are dispersed by tidal water.

In all types of man-

In Rhizophora
because rbe seed]iné are large, relatively few can be produced by a tree in a
F B

year. In managed Rhi zophora mangrove forest recommended practice for artificial

regeneration {s to start two seedlings per square meéer.
E
Rung 3Sat, few trees remain that are capa’le of supplying the quasiity of seedlings
\
Cuttinz for ﬁirewood is now concentrated

See Table 1. In the

or fruits required for early regrowth.

E
in the small arez of remaining mangrove 8o trees are kept scrubby with few large

i
seed~yielding trees left. Only trees oz the edges of| water courses relezse a

significant number of fruits or seedlings into water for distribution to bare

areas. There 1s also a large mortallty of fruits and seedlings ba2tween the

i

time of release and establishment of a sapling tree.
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Seedlings Numbers for Reforestation of Rhizophora

Data on Seedlings

Seedlings per Acre

Recomended planting for reforestation”

Now sprouting in central Rung Sat by 1972b

Number produced on an acre of. larger, well-

nourished trees®

Number surviVing within a scrubby, cut-over
furest in Vietnamd

Number reaching open water from seed source
areas® .

Number colonizing bare areas by
calculationf :

8,000

o5

28,000

14,400

450

ury
[ ]

Computer Simulations (See Fig. 3)%

Number of scedlings starts from outaide
that must survive each year to achieve full
canopy in 50 years

Number of seedlings starts from outside
that must survive each year to achieve
full canopy in 15 yaars

15




ey

288

Footnotes to Table 1

Moquillon (1944), Noakes (1955 ).

Counts of seedling in so’groupgwphotqgrépb§4Equn}in»}???.

Counts from Puerto Rico, Florida and Vietnam.

Counts at Vung Tau, March 1972,

Seedlings producad on the edge of tidal canals where ratio of canal
margin to swamp area is about 2 m/lOO/m2 andABB seedliﬁgs overhanging

per meter of canal per year; seadling area 100 sz (Rookervy Bay, Florida).
One-quarter rwaching ba e areas and 10 percent of these surviving.

Assumes seedlings are introduced from outside each year, and that the
stated number of seedling: survives st least to the end of the first

year, theref~re to be subject to normal mortality. Regenerztlon will be

to an extent determined by land uses.
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In the central Rung Sat, the numt:r of seedlings becomlng established is
only a tiny fraction of that requircd for rapid reforestation. Table 1 has
SJU&’;thiﬂ;;ivﬂu&ier un seediing sources and needs. A model cof relationships

of some main factors is given in Fig. 3a. Computer calculation of ihe éeed

.production and distribution,.seedling mortality, tree harvest and other

_factors shows that 1f seedlings are not supplied and if wood cutting of seed =~~~ T

bearing trees continues the recovery time may be .s long as 120 years. See

Fig. 3b.

100 years could be saved by aerial broadcast of 1000 seedliﬁgslper acre,
for 150,006 acres, or 150,000,000 seediings. This would require the annual
seed yield of 5,000 acres of mangroves broadcast over the bare areas of the Rung
Sat. These calculations are based on aerial planting studies that suggest 10

percent survival of seedlings. If survival is less, more geedlings are required.

If planted by ground labor, fewer seédlings would Ee_reqnired.

There was greater seedling survival in shaded spots than in areas exposed to
full sunlight and drying, where quvtemperaturesvteach 1049 F. and briny condi-
tions and compaction have developed as a result of defoliailton on hlgher grounds.

One question that arises in any reforestation problem is the availability

- of plant nutrients, especially-phosphorus-and nitrogen:  Defoliation was often~ —

followed by woodcutters who completely removed the woody parts of the mangrove
trees, so that nutrients in the wood were removed from the system. Soil studies
indicate this is a small fraction of available nitrogen, but for phosphorus it
can be a larger fraction. However, the amount of phosphorus stored in mud and
coming into the Rung Sat from the riverflow éach year appears to be more than

ample to supply the quantity required for reforestation. Note quantities of
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phosphorus and nitregen in leaves and wood in Fig. 2 as compared with thar in

mud and flowing in from the river each year. The measurement made in ouir sampling

in sprayed areas showed adequate phosphorus held in soils. Thus,

nutrients do not appear to be nearly so limiting as is seedling availability.

An Overall Energy Evaluation of Herbicide Iﬁpact

Viewing Vietnam's processes as a whole assists one in gaining ionsight 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 is to

tabulate all of the main energy flows, constructive and destructive, those of
nature such as the sun, and those of the cities such as fossil fuels. Energy

of low quality such as sunlipht is expressed in equivalents of chemical poteﬁtial

energy after the sunlight is transformed by photosynthesis. Exprzssion of high

quality energy suchk as work of human labor and urban technological economy is

exrressed im cguivalents of fossil fuel required to generate this work.

The energy cost accounting method was used to estimate.overall impact of

military use of herbicides in South Vietnam. Energy effects produced by herbicides

ditectly and indirectly were compared with the total energy budget of all SVN.

The best data available to us for calculation of an energy budget are given in ;

Tables 2 and 3. Thesc data were used to construct a diagram of energy flow :

(Fig. 1) which shows the direct and indirect effects as they were used in cal- :

“eulations. T

Figure 1 shows that the main inflows to the country are purchased fuels,
military dmport of fuels, erergy in rivers and tides, gross photocynthetic
production in agriculture as stimulated by human activiiies using puichliased
inputs, and the very large photosynthetic production in natural vegetation,

including upland forests, mangroves, and the coastal waters.
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~Annual Snergy Budget of Vietnam in

Table
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1965 and the Impact of derbicide

|
f

Effect of Herbicide

- 1012 “Milllon T T
Kilocalories Dollars Interrup*ed
Item Per Year Per Year Energg Fer Year Percent
Equivalent*  10}1¢ kcal/yy Charge
* Human Settlement (fuels)? 101 7,230 2 -2
,Agricultureb 128 9,140 2.5 =2
" Inland Forest® 1460 104,200
Area Sprayed Once {l.ZZ)d 5.8 - -0.4
Area Sprayed 2 Times
or More (0.72)€ 5.3 ~0.2
1
Mangroves 61 4,360 4.9 -8
Estuarine Ecosystem Production® 29 2,072 1.8 -6.6
Energy in Riversh 644 46,000 0 0
Tidal Energy’ 152 10,860 0 0
Chemical Energy in Runoff 119 8,510 . 0 S0,
Thermal Heatingk 1680 '120,q00 0 0
Wind Absorption1 52 3,720 0 0
Total 4426 316,600 22.3 ~0.5

R S

N
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Foornotes for Table 2

14,000 kilocalories of ~hemical potential energy was estimuted to be
processed as work per dollar circulated.

Total séray acreages for five yzars of spraying were divided by 5 to
obtain annual values of herbicide disruption.

Sum of putchased and military fuel imports. ' Purchased fuel inoofts were

estimated as 103 metric tons and converted to calories of work by multi-

were estimated as 108 barrels per year and multiplied by 106 kcal per
barrel. Fuel use was estimated as disrupted 1.97 in progortion to 1.9%

of the land area sprayed affecting human activities for the year.

. Chemical potential energy entering the system each yeér éa 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/mzlday of
estimated gross photosynthesis and by 106 days estimated as the time crops
were in leaf each year. Two percent was estimated of this area

digrupted pér year during spray years.

Chemical potential enefgy entering the system each year as gross photosyn-
thesis of inland foresf lands was estimasted by multiplying area of

vegetated lands (2,5 xv107),areas by 4 x 103 mzlacre to convert to square
meters and estimated averages, and then by hot aynthetic rate includiny

dry season (40 kcal/mzfday) and then by 365 days of green cover to obtain

1460 x 1012 kiloecalories per year.

Herbicide disruption per year on single sprayed areas was estimated as
defoliarion of half of the leaves for half of the year on the l.47 of fo—a¢ted

land sprayed once per year.



e Ulsruption on area sprayed twice or’more was estimated as fifty percent
cf .77 of the forested area Lnrayéd more than onée per year.

f Chemical potential cnergy contributed each year by mangrove photosynthsis
was estimated us the number of acres (0.7 x 106)”9?}§}p}}gd to convert to

square meters (4 x 103 mZ/acre), multiplied by photosynthetic rate

(&0 kcal/mzldny) and multiplied by 365 days p.r year to obtain 61 x 1014
kcal/year. »

" Herbicide interruption was estimated to be half of the area of mangroves.

*
g Chemical potential energy from estuarine photosynthesis was es~Iinated as the

n

product of the area {106 acres), converted to square meters (4 x 103 m</acre),

the ostimated photeosyathetic rate (20 kcal/mzfda usin, values from Galveston
P ¥ Y Usiug

Bay which has similar turbidity) and the number of dayé por year (365),

Interruption due to herbicide was estimated as that part of the estuary
within the herbicided area (about 33%).
h  Erergy in rivers was estimated as the potential energy againsr gravity in
the aﬂnualvrainfall (2m x 1.72 » 101 square m in RVN) which is the
volume tires averaz: height of RVN (800 m) times density of freshwater

_(103 kg/mB) times the accelevaticn of gravity (9.8 m/sec?) znd wulriplied

by 2.39 x 1?’& to convert ircm joules to kilocalories.

i Tidal ener;

;t,was estimatcd as the potential energy of coastal water elevated
and then absorbed in frictional work. FEnergy was estimated as product of

warer volume [estimated area of 1.45 x 1010 n? timcs the height of the tidal

“

range each 4ay (ém including two tides per day)], the number of days per

year (365), the average height ui lifting water against gravity (2m), the

density of water (1.02 x 103

kg/m3), the acceleration of gravity (9.8 m/secz)
and convergion frcm joules to kilocalories (2.39 x 10'6).

3j The chemical potential eneriy in 1/3 of rain reaching sea in rivers reacting




o,

with salts was estimated using enprosszion for
e (),.- . a
AF= AF, + RV n(C2/c

mulcipliie”? by the moles of water flewing per year (water weigbt diviaed

energy Lo one wole of wuaiter

by the mrlecular weight, 18). Water was estimated as Im times ares

7 ) .
{(1.72 x 10ll m~) times.1/3., Change 1In water concentration in joining

the sca is that of a chemircal from fresh to sea water {, = .965 and

-

€1 = 1, R is gas constant(198), and temperature is 300°x aad AF, = 0.

Wind erergy generated by temperature gradients generated by sun's heating
and that due to downward diffusion of wind into the air space that may

be counted is part of the country, If the heatr gradient ‘AT) generatod
between land and air is maintained at 2°C the potential weneryy available
to atmospheric heat energies is the product of the Carnct ratio and the
Kelvin temperature (300°) and the total heat flux generated in abscrbing
the sun's energy (4,000 kcai/mz/day times area 1.72 x 1011 o) times

365 days.

The energ; from ;ind eddies that are externally gencr-ted was estimated
as the kinetic energy at BQOm’tiaes the eddy Jiffusion cozfficient

(104 em?/sec) rransferring mcmentum downward whére it is absorbed ‘in
stirring the lower laysrs. The kinecdc mwwly, - o rublc certimeter is the
producf of half of the mass (air densiry lO‘Bg/rmB) times

the velocity (444 er/see) and the gradient {s cbtained by dividing by

height of the laver (30,000 em). Fe. the whole country, multinly by
1

n

\
area {1.72 x 1077 cm*). To convert ergs to kilscalories multiply by

2.29 x 10~} and for a yecar 3.15 x 107 sec'yr.



Table 3

Cumulative Disruption Estimated 1565 Tnrough 13858

Disruption Assumed Lengzh | Cumulative Effect of Cumulative
Per Yeaor of Time Energy Disrupticn on
(See Table <) of Disruptien Disruption Total Energy
Item : 1012 kcall/yr Years 1012 keal Econon}y+2 Fercent
Huzan Settlement? 10 1 _ .10 : U.uUs
. Agficultureb 12,5 1 12,5 ' s e
Inlard Forest
Spravod Once© 29 0.5 7 v.u2
Sprayed Twice or Mored 29 10 o .18 ' V.61
Hangrovese ‘ 24 ¢ 20f 245 U.69
Estuarine Preduction® 9.66 5 2.5 0.06
Total® | : 515 L.a4

“potnotes to Table 3

a Estimated as the energy disrupted times th~ number of years disrupte?.

_ (1.9% of the area for one year)

-

b DMisruption was estimated as that in Table
times 5 such year.,

¢ Disruption was estima_ed as half of the pvoduction ir Table 2 of area _

sprayed once (1.2%) times half of a year.

d 'Disruption estimated as 3/4 of the produc?ion in Table Z of area sprayed
‘twice (0.7%) times 10 vears.

e Disruption was estimated as half of the oroduction rate in Table 2 of the

area spraved {57%) for 20 years,




Assumes a seeding program to supply seedlings to bare areas.

Disruption based on half of the production in Table 2 for the area

cay and dispersion of

sprayed (1/3) for five years during period of de
. |
turbidity, ,

Total energy budget in Tahle 7 (1780 x 1012 kcéi/yr) times 20 years

equals 35,600 x 1012 kcal.
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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

Figure 5 that have a solid line (energy) and a dashed line ($) ruaning in oppo-

site direction as payment for the work done. (Work is useful energy application.)

For these parts of the econumy, it is possiblc to calculate a ratic of money

to energy flow which in SVN was about 14,000 kilocalories per U, S. dollar. Thus,
if data for some part of the economy are in dollars one may estimate roughlv the
kilocqloties of work done all through the ecénomy in support of fhat work.

One Qay use the energy to dollar ratio in a reverse way to show moﬁey equiva-
lentrto the energy provided by nature in tides, ecosystems, photosynthesis, and
other work for which there is no exchange of money. 1In Table 2 the second column
has some dollar equivalents calculated with the energy/money ratio to give an
appreciation of the amount of work provided by nature, which we often.regard as -
"free." Agriculture gets part of its energy from the work of nature free of
money charges so that its total dollar equivalent is larger than the money that
exchanges in agricultural sales.

In the third column of Tabie 2, the impact of herbicide on the energy
economy is given for one year as best we can estimate it from available data.
Column 4 has the percent change due to herbicide. The total change estimated
for herbicidal effect is Ue3 percent of the tctal energy budget for each of

the years 1965-1971.

These calculations do not indicate whether a change is good or bad. For

example some who advocate that mangrove lands be used for rice believe that

mangrove clearing is good, whereas others regard the mangrove interruption as

a loss. It depends on what land use is intended in the future. There is also

the energy value of ships to and from Salgon not sunk because of clearing the

mangroves.

.

The herbicide disruption was estimated in Table 2 for one year. The

total effect depends on the time required for recovery. If energles are

s ek o A b A 44 i P S St
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available for reconstruction restoration may be rapld. The creation of dis-

rupted lands stimulates the recovery of these lands since they are susceptible

to reorganization by new energy flow. In the mangroves special factors of seed

shortage delay recovery. In Table 3 the time for restoration of the canopy 1is

_used to estimate the cumulative effect from time of spraying until recovery of

pnotogynthetic activity. For inland forest and agriculture defoliated after

one spraying this has been assumed to be one season or less since only part
of the canopy was defoliated and most trees have enough reserves to refoliate
once; ?or hadgrovés festoration of canopy takes much ionger.

The duration of mangrove interruption depends on delays €n a decision of ‘Wﬂ
whether to add seedlings or put the land to another use. The interruption

that i1s attributable to herbicides 18 calculated to the present. Future de-

lays in making a decision may result in a delay.in attaining full productivity of
the Rung Sat, but productivity losses due to delays in making a decision cannot
be necessarily attributed to the herbicide.

The model in Figure 1 was simulated c¢n computer to obtain curves of over=~
all value in energy units during the‘period of recovery, a time when other a
energies were also varying due to the war. Figure 4 shows one of the computer
grapﬁL suggesting the overall shape of interactions with and without herbiéidg.

: l
For the assumptions made about the factors controlling growth and for the datJ,r

used

'

e graph shows future patterns in Vietnam with and without the herbicidé

o

In the last column of Table2 the time of energy interruptions was com-

bined with amount of energy interrupticn per year to obtain an estimate of the

overall cumulative effect to 1980 on the energy, budget of SVN. This was shown to

be 0.6 percent. An analysis of the entire aystem shows that the largest energy
input of the defoliation program has been the destruction of .ingroves. If

during the same period the erergy increase due to U.S. ald were estimcted at

800 million dollars per year the effect in increasing energy value would be
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about 1.7 percent of the 20-year energy bud,:t of 81,180 x 10

(based on a conversion of 14,000 kilecalories per dollar).
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