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St;:\I~L·\RY 

In UH;.-,. the .Joint Chiefs of Staff requeste :i that the Secret· · of Defense initiate research 

todl'tt.·rmine the feasibilit~·of destroying larg areas of fore· or jungle growth by fire. Tests 

Three targets, each 7 km on a side (app 

resentative jungle u.rea.s in \\'ar Zones C and • Eac area was double sprayed with honnone­

typt> defoliant chcmic.als, and half of each are w also sprayed with a contact herbicide. On 

the first two targets, ignition was effected b rating the target with 72,000 M-74 incendi-

ary bomblets. This ignition density was dou on the third target. 

In no instance was an appr_eciable amoun of forest canopy removed by the resulting fires. 

~leasu rement of the moisture c()lltents of ngle growth following application of defoliants 

showed that leaves were being desiccate t acceptable levels, but that twigs retained suffi­

cient moisture to prevent combustion. onclude that current defoliant chemicals applied 

in the volumes and concentrations now ope ational practice in Vietnam do not act as effec­

amese jungle growth by fire will not be possible 

eveloped. \ 
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The den:-:P n•:.:,t"tation l'~U1opit•:-; which are characteristic of tropical forest are~~s j>l'o\·jdt.• 

co\-l'r ~Uld C'IIIH'ea.lnwnt for tlw mon~nwnt :md activities of t"nemy forct.•s. Following an ~tbortt'd 

attempt (Opt>r:ttinn SHERWOOD FOREST) on :a :\larch 196;) to burn tropical forest ve14l'tation 

at Boi ~ .... oi \\·,>od in T:1y ~inh ProYince, Hcpublic of Vietn~m, 1.1 CINCP.:\C rcqut>:o;tcd that tht· 

Joint Chieis of St.:Lff expt.•ditc the de\'clopmcnt of ·~echniques whereby lar,.!.tJ an·as of tropical 

forest growth coulct ht.· efft.•cth·ely destroyed. Th .. • Secretary of Defense was requcstt.•d by the 

Joint Chiefs of Staff in December 19()5 to \nitiat·e a feasibility study to determine techniques 

for chemically desiccatin~ ve~etation and destro~·in~ tropical forests by fin•. The rt.'qut.•st 

was approved and ~cti\'e participation in this program by the Branch of Forest Fire Resear~h. 

Forest Service. was initiated by the Ad\·anced Research Projects Agency on December :!0. 

196S, under .\RP.\ Order No. 81~ (Project EMOTE). 

The ARPA-Fore..,t Service fire research program consisted of two parts: 

t. Pha.sc I - tbe technical support of au operational field test (HOT TIP) conducted 

hy the 1rmt...~i forces in South \·ietna.r.~ in 1966. 

2. Pha:-o•• Tl -the conduct of a tJlrl·e-t.t,-five yC'ar research effort clt·.·;i;.:·netllo de­

scribe tJJC chemical treatment and fiammahiJity requirements of tropical forests 

:-:o tli;!t lon.~st \'Cl4etation might bt• opt> rat ion ally modified for incendi.Lry attacks. 

The culmination of Pha.se I oc<..-urred on 11 !\larch 1966 with the HOT TIP opt~rational 

trial of forest incl'ndi:u·i.sm on Chu Pong moun~t.in in Pleiku Province. Tht» tar:.:.et .selcdcrl 

was of military intt·r•"~t and includt•d an :trea of 21 square kilometers. Or;mg-t: fk·foliant was 

spr:ln~rl 0\'l' r most nf tht• area hetwt•cn J :muary ~-~ uno February 6. Thi.s dry St'ason herhi­

cide application ctda~·t•d the onset of desirPd treatment efft.~cts, since thl' vc .. ~ctation was 

physiolo~icall~· dorm~ulL Illuc wa~..; applied on Ft~bruary 22 and 23 in an :1ttempt tu achit.•n.• 

----------
.L/ H n ·1t. f't :d. :"t·u t •·:tl i1.:tt ion of \' i••t Cong Sa.f•· llan.·ns: .\ Prt>limina ry Stud~ (1) Tt•<.:h. 

P:qu·r R\C-TP-1!11. J~Hi:-,, 7t pp. 
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PLEIKU PROVINCE 

Fig. 2 

OPERATION HOT TIP 

CHU PONG MOUNTAIN 
11 March !966 
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····n 1 ~~~~~ u~·i ll:...:11on 11 :\larch l!lt;l;, fifteen R-il2 aircr:Ut ciroppt•d ;.!.:-,.-, :\1-:~.-, inn·n-

-.:, r"' "Il ·:~·· ~.LJ':.:.d art"'a. This i;.:.nition strikt! "·as followed aflt."'r 1-1:10 hy 11 napalm 

<··n·..:.. tlw ~1: .. , ;J;:l :-:idt· of th<' tar;.:.l't :l.r<'a. Man~· of tht.> firl"' sets ffi('l"'t!Pd and dt•\·cll)pt.'d 

~·· "~ -.·t·t·t i· 111 l'• 1]u mn reaching to :!:!, 000 feet. Flames did not carry throu~ the t rt•t.• 

· .. "'l'l'pt ;tt ri~~:.:.t.'t•lps, nor were fin•storm conditions produced. hut tht. ... 17.a perct.•nt 

·: •d L~n f···n· ... t l':U1•'P\ was encouragin~ under the existin~ treatment conditions. 

· :.i. •11:.:;h tht• n·..;ul ts of HOT TIP on Chu Pong Mountain were inconclusive, information 

· !t: rin~ tht· npt • r:lt inn warranted arlditional testing. Following the evaluation of HOT 

:-:"'' t•ra.l npt'r:•ti•lna.l changes were recommended for forest incendiary prCJt,?;rams in 

\ wtrnm. Th•''t' tl':"t plan chang<'S involved chemical treatmt'nt, ordnance require-

~-·~ .. • .... ,·,rri~ out in February 1966, at a site in the Cen~'"Rl Highlands about 

: ,_ ·'t· · r,. 'nu ronK test area. Fuel moisture measurements were made of the 

• ,. ..~: '' •n·;"' tnaatNI at •Hfferent Umt_)R: 

,, . ",,.t• r ,, n·:a -- Sprayt.•rl with OrangP in late November 1965. 

J anu -t r-.. 1 n·a -- Sprayed with Oran.ce on 24 January 19•H>. 

: ~ 11wnt' t rnm th•· ... .- twtt areas indiet:.lt>d that tht.• moisture content of twiKS le~s than 1/2 

; o11 da :rm••t..t•r r•·nuuH·d at n•lativl'ly hi~h levels following chemical tn-atment and that their 

• . , . : j n· <"•)fltt•nt :t('tua.Jl ,. incl"t'aSt>fl ovt•r time. Thl' aver~e moisture content of all samples 

·,!; -1 n~t· rla~·s in t h .. ~ovt•mbcr art• a was ~5. 9 sx·rct.•nt; In the Januaey spray area. the 

·· "as ;to~J. l p•·r•·•·nt. Moisture contt.•nts ~ this m~nilude lndicatt•d that the lntt>mal 

r• · t ransl.,c·:Jt l<~n :---_\ ~lt•mR of tht• \'c•gt•tatiun \\'"'rc still funcUonin~ foJluwln~ cht.•m!cal 

···r1t. Thus. 1n•n· .. than half of Ow fint• fut!ls nt"t'clt•d to carry fin- into and thrc>U~h the 

:• '. ···t :d. 1-'·il·• ..... t Fire Ht·st•Jrch, Fin;l.J Ht.'l)fH1, Phase 1, Vol. I. Hc·quin·nwnts for a 
,,f l>•·str·,, 11:,~ F~~r .. st/.Jun;.!.lt> Growtb by Fin.•, Fon..•st St.•rvkt>, t!.s.D •. \., ;-,., pp .• 
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RELATIVE WEIGHTS OF LEAVES AND TWIGS 
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Fig. 5 

MOISTURE CONTENT OF SMALL TWIGS REMAINED 

TOO HIGH TO PERMIT COMBUSTION FOLLOWING 
DRY SEASON CHEMICAL TREATMENT. 

:;·. 
'· . 

. . . 
·-
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OPERATION HOT TIP 
March 1966 
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In order to mncHfy the moisture C<'ntent of these critical stem and twig fuel components, 

the nt>\\. guidelines \H.·re prepared to insure the following changes in chemical treatment pro­

Ct'du res for forest incendiary operations: 

1. An ear~y application l}f Orange or \\nite while the plants are physiologically 

active (prior to the onset of the dry season) to defoliate the upper canopy. 

2. A repeat spray application approximately one month later with Orange or \\bite 

to penetrate lower canopy layers. 

3. A spray application of Blue, a contact desiccant, approximately 10 days prior 

to the strike date to desiccate those ground level species that were not suscep­

tible to the hormone type chemicals. 

ll'CENDIARY ORDNANCE 

The ordnance plan for HOT TIP called for the mass ignition of the target area using 

closely spaced small fire sets. On the H<Yr TIP operation, the Ignition pattern using M-35 

clusters was fairly satisfactory within a strip but spacing between strips wa8 too great. 

Consequently, ordnance requirements were recommended to provtde an increase lD ignition 

density and a reduction in spacing between aircraft strips. The recommendation specified at 

least one ignition per 8000 square (eet ol forest area ·and a contiguous pattem ol flight strips 

tG insure s~'Uration of the target. 

\\.EATJfER REQt1REMEm-S 

Moisture content sampling during HOT TIP indicated a more rapid dl')·ing response of 

leaf litter and attached dead leaves follow~ a rain shower than was expected. These ~suits 

pt~rmiat•cl the casing d restrictions in the weather sptciftcations for buming tropical forest 

fut•ls. The HOT TIP s~ciftcations of 2 drying days heing required after a li~t rain and ~ 

cfays afkr a he~ a\)' rain were lowered for PINK ROSE planning to 1 and 3 drying days, l"E'Spt•c­

tin·I)·. A li~t rain was r(>dcflneci as on(' with lP.ss than . 20 inch of rain instead of • 10 inch. 

S1wci..J icalions f,,r a drytn~ day were: 

(l) ~'' rain has fa.Jlt·n in tlw precP<fi:tg 24 hours. 

(;.!) ~~ ini mum n.·l:lth··· humidity drups hdow 70 Jlt.'rct•nt • 

. P> .\Jtcrnoon d•)ud CHH·r is kss than 3/li._,...,.~ .... ., .. ,. 
10 
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I,.~CENDIARIES TENDED TO CLUSTER IN STRIPS 
OPERATION HOT TIP. 

March 1966 
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OPERATION PINK ROSE, 1967 

As a part of Phase n of the ARPA sponsored Project EMOTE program, the Forest. Serv­

ice agreed to provide technical support to future forest incendiary operations. On 11 August 

1 ~)tJ6 CINCPAC approved the utilization of ARPA/Forest Service advisory services on Opera­

ti0n PLl\JK ROSE, a full scale field test to study the feasibility of neutralizing Viet Cong safe 

havens by fire. 

On 15-16 September 19~6, two Forest Service representatives visited CINCPAC head­

quarters to discuss the status f1 Operation PINK ROSE. The outcom.e o~ this meeting was an 

outline for the preparation ~PINK ROSE test and evaluation plan. On 30 October to 8 Novem­

t>er 1966, a four-man Forest Service team worked iD Saigon assisting th~ PINK ROSE project 

officer in preparing the test plan (see Appendix J). 

Based on experience gained «ktring previous incendiary attacks, PINK ROSE was planned 

as a definitive test of the hypothesis that tropical forest areas could be destroyed by fire uti­

lizing only currently operational materials and techniques. 

Selection of PINK ROSE Targets 

Three tropical forest areas were selected for PINK ROSE incendiary tests in ·war Zones 

· C and D. Areas A and B were located In War 7~ne C and Area C was located in "tNar Zone D. 

The coordinates of the areas were defined as follows: 

1. Area A - XT 5277, 5284, 5984, 5977 

2. Area B - XT 0975, 0982, 1682, 1675 

3. ·Area C - YT 3441, 3448, 4148, 4141 

The three areas selected ranged in fuel conditions from marginally light and pate~- '-'~B). 

through optimum 'density and dtstribution (Area A), to such heavY tripl~ ~~- 1..r--.·~ •·r 

~·nccessful desiccation appeared unlikely (Area C). 

ClfE:'\llC.-\L PH.ETREATME!'."T 

The initial defoliant spraying was completed as rapidly as ~-~ • · 

J ··:..:.ubr spray OJ~~rations. Standard swaths were applied, each cl.l ~ -~ L.:::,-

SEtREf- • 
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Fig. 7 

OPERATION PINK ROSE 

January-April 1967 
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Fig. 8A 

PINK ROSE TARGET AREA A 
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AREA A FUEL: 
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Fig. 9A 

Plr~K ROSE TARGET AREA B 
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Fig. 98 

AREA B FUEL: PATCHY SECOND GROWTH 
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··· •· :, :, :-\\~llh !Pngth across on€.' of the test areas.~.· For.,t•acl,l aircraft ~ortk. only 40(} gailon~ 

:. '· · ~-l. (·on;-; idt•rl'd as delivered within the area. Thus. the data for the first t rcatmt>nt (~t·e 

T .t:lk 1) n•:l~· shm,· sli~htly less than tht' ht'rbicidc rate actually appl!ed. 

Thl' st:'cond spray treatment was done as a special joh with all the spray material applil•d 

'' it11 in the 7 Km. -square areas. \\'idth of swath was reduced and spray discharge was adjuster! 

so that each sortie co\'ered 3 swaths across an area -- a total of 21 Kms. per sortie. 

The thirrl spray was applied Ll a similar manner on one half of each area. 

The initial spraying of Area A was completed on 5 December, with most of the acre~e 

sprayed during the last half or November. Area B was sprayed over .1 3-month period ending 

19 December. Area C was sprayed mainly in November, ending 27 November. 

The second spraying was done on all three areas about one month later. between Decem­

lx·r 16 and 29. 

The third spray was applied 5 January on one area and .between 16 and 21 January on the 

other two areas. 

The initial spraying on each area was dooe with either Orange.!/ or \\nite, .Y depending 

on the chemical supply available when each mission was flo\\11. After 15 November, all or the 

spray on Area A was Orange and much of Area C was Rprayed with Orange, but \\"bite and 

( lr~m~c werE' used in about. equal amounts on Area 8. All of the second spray on A~as A and 

C ,,·a.s Orange, and all on Area B was \\'hitc. Bluc_;y was used in the third spray on half of 

t·:u:h arra. 

_!/ ~:!~:~.!!~ 
~,o'. !!-hutyl eAter of 2, 4-cUch lorophenoxyaceUc acid 
.-,o•, '!-hutyl ester of 2, 4, 5-trlch lorophenoxyacetlc acid 

~ '~!l!t!: rrordon ltll) 
:Hr 4-amino-3. :l,li-trichloroplcoUnic acid as the trU:.;opropanolaminl' salt. 
70'. ~. 4-dichlorophenoyacetlc acid aK the trU~topropanolamlne salt. 

~:/ J~·-~~ IJ'h.vttr if.O) 
"-;· til nwthy l:trsi nk add :11'4 !iOdiu m cacodylate 
I:: danwtby l:lr . ..; i nic add 

SEORET a· 
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I ;thlt- J - ll~~rhicide Trt.•atmcJJts.on Arl·.a~ A, n, anciC 

Art.•:l 
r .. ,. l{l))l•nl nat<• Ill' r4) i<.' ici<• 

A n c 

gallons appiL•d on area 

Fir~l ~t·pt. ::!·t-:!9 t;nknown 3.600 
Oct. i-10 t:nknown 3,200 
( ){'t . I "'-:10 \\'hitc 3,200 ] '600 1' 600 
( k.·t. J~-JO Oran~c- 1,600 4.000 
~0\", J -1:) \\bite 5,600 3.600 4,000 
~0\'. 1-J;'; Orange 1,200 10.000 
~0\', 16-27 \\'bite 4,400 4,200 
~0\', 16-27' Orange 12,800 3.000 13,200 
NfH'. 16-27 BoLt 3,200 1,200 
(Jt.•c. 5-9 \\'hUe 1,800 1,600 
Oc•c. 11-J 9 Orange 6,300 

T<JTAL 27,800 33,100 34,000 
Per Acre 2.30 2. 73 2. tH 

Sc•l'cmcl llt•c. ]6 Orange 12,600 
f>t•c. 26-30 Whitt• 28,800 
'"k't:>. 26-:10 Oran~o.re 23,400 9.900 

TOT.\L 23,400 28,800 22,500 
Per ..\cr(! 1.93 2.38 1.~6 

Thit•d .Jan. .;-7 Blue 10,800 

·'·'"· 16-1~ Blue 1<1,200 
.I an. 19-21 Rlue 23,700 

TOTAl. 14,200 23,700 10, f400 
Per ,.ere 1. sr,.Y 3. 9J.Y l. 7H.!!J 

_!_; l~ltll' w.ts applt.·d nu afullUt o. r, nf tht.• total acrcagt• In Area A, making an avt•ra~c r-.1tc of 
;&ppro~imakh I.!)., 1h. /a --on the.• wcl'4t 16hk• ul th~ area. 

:lJ I :hw ,,·as app! lf'cl on tht• Mouth half of Art•a B, hut much of the flrMt swath:-~ drlfh.•d to tht.• 

...... ~tJt h orr liH' ;. r•·::. :\,·tua 1 ovt•r:t~t~ rate on the arc.•a is not ki'W'wn hut l!i much lwlnw tht! 
::.~'I It,~. a . 

J l:Lw \\.1 ... :&l•ldwd c•u tlw south half of Area<.: :ll about J. 7H lh!oi. /a. 

LsfeftET 
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l ~ i t • 

. ; . ! l 

'd- ;:, ~n~ t:''•,di.in Clu~tt·r n,,mi) \\a~ l"host.•n for tlw PI~h. He t!-iE in('f ndJ.tn 

·r;;;lir;- -· -;-.-.. '"i:n.:.- nl PT 1 in(·t•ndiar~· fillin;.:.. ThP homh clustt.·r \\a;.; lu-...c d (11 !IJit·n ~tl :m 

•]\,t.:•:•· ••I :t;';'l'u:\im~nd.• .-,uno il'l't. Pl:u1s fnr i~rnition ul Pl~K fl'_)SE Llr',.!.l'tS •·:t"llo.-d lor a B-.-,2 

-; :·iht· 111 :;u ain·raJt. t.'al'h carr:;mg -t~ :\1-:~:-, Incendiary Clustt.•r Bomhs. t~im.! this ignition 

i ... ·de·. 1111t.· n-.-·:21". •ddt•.., :lpproximatl'l~· ont' i;.:.nition sourct' for eacht):.!OO squan.• ft•f't throu;.:.h-

·'ill :t ··:ntc•rn il)(l le.-t "idl' h\ :!1. noo ft.•ct Ion;,!. Th(' total B-:>:.! strikt.> would s:tturatt· :Ul an·:t 

~ l. •Hnl fet·t •m a :-oid(• "ith 7~. OW) individual i;.:.nition ~ourct.'s. .·\\·('ra.gt.• spacing l.>t•Lwt.•t.·n i~'l1i-

PL'\K nosE T tr~t't C, ·t.; miles nort.h~ast of Saigon in War ZoneD, was ij:;nit('d as pl:mnt.'d 

on l ... • J:mtury uu;:-. Tht.· tai"'~l't flnx was situatt~d .iust north of tlw Dong· ~a.i Hi\·•·r. ..\ smallt' r 

~trw ·am d r~t iJwd lht· f'a~tt>rn half of the ta~('t · anrl a north -south road bist•l·ted tht• area. ~\n 

:1handnn•'d air .;trip wa;.; locatl'd on the north ("CI~e of Area C. The vegetation ·.·.-as <'h:tractC'r-

Ult"•Jm.:.!lnut thf' t.: r-,.:t·L. Tht.• topc'J.! raph~· in tht.• area was flat and the el~vatiun wa~ arpn)xim;ttt'-

h I .-.tl ft•t•t. 

( )n l ~ .J;u~ua1·'· I Jtt7. atmt>~piwric CPndition~ for burnin~ fun•st fut•ls wt•r.- ~t·ncrall.\" Wl­

I:!\·,ra~,lt-. The· .ti, ··.;L"' C'uol. mtJist and Rtabh·; charactcribtic of periodic lull;-; m tht• wintt•r 

!lt~t1h•.•.t:--t lll••n~· .. ,ll. ,.\IJ South \"klnam was und(•r tht· inilut>ncc of tlw l'4nutJwrn portion of tht.• 

Si!"·r~:m ffi;..!h. 1."'' kn"'l wind!" \\t.•n.• li~ht and nortJwrly up thruu~h tht• ~racht·nt ''ind lt-\"t·l. 

~·uthc·., ..... tc·r·J.' lin'' 1:,n1 Hw "i.";o mh tlln>UJ,!h thl• .-,c,o mb lc\'(')."' on .J~uary 17th '"'c~mw mu('h 

1nnrc· prnnounn d ,., th•· I "'Ul \\ itl1 th" dt.•\'P.lopnwnt of a stron~ antkyclonc north of tht• Philip­

;•JJ.•· .... w Ulf' u,Jt~·r ; •. \f>!:--. thr,~gh :.!flfl millibars •. Thi~ rdali\'l•ly l'4tronj.! and dc·t•p :--outlw:l:-;t­

• r)· .. tj .• ,. ·•· .. 1·· 1'•·.-lk•ll..,j!,lc· lor tlw ;uht•etion ol consitlt•rahh• moisture a.t all h·\·d:-;. 

;, .. , I>T l·n· t~w n,, .. l lln:a :-otation from J~, ,J:umary throu~h :.!1 ,J:muar.Y l!tti7. FL:.ut·•· 1., :-;ht)\\...: 

.. •· •::.:!·r!.d t r•·r:d 1111 I" .J.uw:tl\. tJw da·,·.of tht· strik'·· 

13 
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geKET 
Fig. 14 

EIEN HOA 2PM. ·W-EATHER 
j .... 

\ . -. 

7-31 January, 1967 

TEMP RELATIVE PRECIP CLOUD 
DATE (of) HUMIDITY(~'o) (IN.) COVER(8ths) 

7 84 59 6+ 

8 84 57 6:· 

9 90 47 1·-3 

10 88 41 l-3 

11 88 50 3-5 

12 90 47 6+ 
' 

13 84 53 3-5 

14 83 54 3-5 

15 83 54 6+ 

16 77 50 6+ 

17 81 47 -6+ 

18 81 51 0.02 6+ 

19 72 70 0.08 6+ 

20 81 56 0.08 6+ 

21 85 51 3-5 

22 88 51 0.27 3·5 

23 88 59 0.02 3-5 

24 84 59 6+ 

25 86 5~ 3-5 

Z6 86 51 6+ 

27 88 52 3-5 

28 90 45 1-3 

29 92 43 6+ 

30 84 59 6+ 

31 88 45 1-3 
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r:~t · :w:tl't ·:-;t :-;t;tt itln l;tk ing uppt.'r air soundings ,,·as Tay Ninh, some :io milt•s to tht.· .:'\c, t·t.h­

.... ,.~·t 111 T.t!';.:.l't C. Tht·S(' sowHHn~s show a significant incrt:"ase in moisture aloft !)(.-.ginning on 

tlw 17th :U1d C'ontinuing- throug·h tlw 24th. At 1400 on the 1Sth the sounding shows a dt·t·p in­

\,. r:--itm f rc 1m ~nnn to .J "'iOO feet. The sky was completely overcast in the vicinity of ti1c tar:...!.Pt 

:tl'"a with :1 la~·.-r of clouds at !!r>OO feet and a second broken layer at 10. ooo ft. Vir~a was 

pre\·alcnt in tht.• \'icinity of the target area·. The FAC pilot reported light rain on his aircraft 

:tt l-t:.!7. se\·ent€.'cn minutes after the strike began. The strike began at 1410 and ended at 

11-t~. Ten D-il2 passes of three planes per pass effectively delivered all ordnance •furing the 

:h minute strike period. The strips were flo\\n from east to west, starting at the south end 

nf ti1e target box and working nonh. As judged from post-strike m imagery, the ordnance 

drop and iJa}ition pattern were excellent. 

As the incendiary strike progressed, the smoke spread in a shallow layer to the south-· 

west unrler the influence of the surface winds. The low inversion prevented significant con­

v~<.·tion and kept the smoke trapped below 3000 feet. Aerial observers noted occa8ional brief 

sur<~es where small convection colunms formed over hot spots and rose to 4000 ft. or hi~her, 

hut these lasted only a few minutes, and at no time •vas the column significant enough to be 

detc<..-.able by radar. 

Although at lt.•ast th~e secondary explosions were documented during the strike, fire 

spread was negligible except in the northwest comer of the target where fires started in the 

hi;!h grass of the abandon(.ro landing strip :md spread for several hundred feet into the adjoin-

in;! for€.'st. 

Ful'l n.>moval as calculated from the convective heat release amounted to G:>o powtds per 

:ten• or l~ss than ~; of the potentially available fuel • 

. \t 07-til on 1 !l January. an evaluation team moved iD by helicopt"r to assess the effects of 

tJw pn·vious day's raid. The only available landing zoor. was iD a swamp in the west central 

por1ion of tht• t·•~t·t arc3.. AlthouW1 conditior., were excellent (or obscrvin~ the pa1tt'm :uld 

lwhavwr of tlw ordnance, and the relative effectiveness o( the chemical prctreatnwnt. tlw 

:--•t rn•,· site "as too far removed from the northwest comer of fire activity for mcaning1.ul ob­

:-.c·rY;.Jtions cJf fire behavior to be obtainable. The complete post strike evaluation report is 

. il',.,\·n :ts .\pp.-ndi.\. II-.\. 
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Fia. 17 

FIRST STRIKE 

PINK ROSE T.ARGET C. 

1410 Hours, 18 Jan .• 1967 
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SECONDARY EXPLOSION DURING FIRST BOMB RUN 
PINK ROSE TARGET C 

1411·1413 Hours18 Jan .• 1967 (note difference in color an_d rate of rise of smoke) 
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Fia. 20 

FIRE S·PREADING FROM ABANDONED LANDING STRIP 

PINK ROSE TARGET C 

18 January ,1967 
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ROUTE OF POST· STRIKE SURVEY PARTY 
PINK_ ROSE TARGET C 

0745 · 0915 Hours, 19 January 1967 
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M-74 CASING RECOVERED BY 

POST STRIKE SURVEY PARTY 
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.\ rt.·a .\ is located about -1 mil~s south of the Camborlian bonier and 12 miles soutlnn.'st of 

.\n Loc. Two t rihutaries of th~ Sai~on River, Rach Trau and Cha Va, drain portions of tlll' 

targPt ar{'a. The \'('g<'tation consisted of adouble canopy forest stand with interspersed grass 

fidds :.lild cl<'arin~s. Bomb crat<'rs from a 8-52 strike in late 1966 were observed in Area A. 

Tlw topography was flat and the <'l~vation of the area Y'3S approximately 160 feet . 

.\rea.\ was h .. rnited at 1405 LST on 2~ January 1967 under nearly ideal atmospheric condi­

tions. Thl• northeast monsoon tlow was well established. No rain had fallen for several days 

:.lild the rlead fuels were well dried after having been exposed to strong solar r:uUa.Uon and 

n.>lath·<'ly warm surface.. temperatures. 

Under the influence of the Siberian High with a flat pressure pattern, South Vietna.n1 and 

target A were exposed to a well defined nortll~ast monsoon flow from the gradient wind level 

up to 300 mbs. A strong anticyclone was oriented over the north Indochinese peninsula O!l 27 

an~ :!~ January. The atmosphere was moderately unstable at Tar on the 28th rtue primarily 

to surface heating and dry air aloft. 

Tay Ninh, located abOut 25 statute miles southwest ~ Target A was the nearest regular 

rcportint-t station in the target vicinity. 

Tay Ninh 's surface weather for the week of 25-31 January is shown in Figure 24; the di­

urnal tn-nd for 28 January is shown In Figure 25; and the 1400 aamding Is shown In Fi..:urc 

2•). Xote tlHtt, in t."<>nlrast to the weather during ihe ·~rtke on area C, weather conditions be­

come more favorable for burning as the strike progresses. Cloud cover w:ut 2/10 or less 

throughout the r:Uci. \\'~ather during this strike was as nearly Ideal for incendiary opt.•raUons 

a . ..; <~an IX' ('Xl'M.'cted ln South Vit-tnam. 

Tht· ..\n•:t A strikl' used the sam~ ordnance and delivery pattem aa the 1~ January raid on 

.\rt•:t C. Th<' last bomb was dropped at 1443, ll'ss than 40 minutes from the start of th'' ~trikt.' . 

. \gain. ddin•ry w:u; on ta~et anci well within programmed time limits. 

ThP initial smok«- builrkap was quite impressive even though flaming combu!'\tion wa .... uh­

:--• n·•·d onl.\' ill Uw •>JX•n ~rass fields and In the Umbered ma~lns arowul opt•nin~s. Pu:o;t­

>trJI.•· color ph,,tn~raphy and :u•rbl n•connaissance flights indicated that tht.• cuml~stion of 

I ud s in t lw 1''"'"~~~s was fa.irly c. ,;nph•tt•. Even Huch large do" n fut•ls as upro()tt•d t n· .. s '' ,. rt• 
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· ·<. :·;:~·, l i o J. "h"i~J :tsh. This evid~nce of efficient burning can probably hl• at t rilmtt·d to the 

: l!,··.·un· dt:- in;.:. ,·>t !Jaels exposed to direct solar radiation in clearifli./.S and dearing ed;.:.t·:-; •. 

!'t'('(,nd;Jry (_~:xplosions within the ta~et area were noted by aerial obscrvl~rs during th~ 

inn·ndi:u·~· att:1.ck. Th~s(' S('conrlaries were distinguished from the burning of the natural fuels 

b_\· thl'i r acceleratl'rl rates of combustion. The F AC pilot on Area A report('d 1:> second~ry 

•·xplusion~ during tht.• course of the raid. 

The rate of burning in these areas where fuels did support active combustion was con­

sidt~rably ~rcater than on similar sites in Area C. The burning of clearings and t-d~es on 

..\rea .:\was char.1cterized by pronounced convective activity and the production of dense. black 

smoke. The appearance of this smoke was in marked cont&~t to the grayish-white background 

smoke evolved from the low intensity smoldering fires beneath the main forest canopy. Suf­

ficient energy was generated throughout the target box to create indraft winds. Smoke was 

dr..t\\n into the main convection column by these winds from all points on the fire perimeter. 

The con\'e<.:tion column soon developed to a height of 4000 feet and was picked up by the Tan 

Son ~nut radar within 7 minutes of the initial strike. The maximum height of the convection 

column (10.000 ft. by radar check) was re9.ched at 1445, just after the strike ended. Th~ fire 

dit•ci out velj' quickly. By 1457 the column top was down to SOOO feet and convective activity 

was esS«•ntially completed by 1530. 

:\ post strik~ ground recoonaissance mission was scheduled for OtWO on 29 January. 

Jlc>\H'\·er, inh•nsc ~round fire from the vicinity of the only possible landing zones precluded 

(Hrt.·ct growh• observations. Low level aelial observations indicated that cro\\n removal had 

bl~<·n minimal, and that. fire activity had been cont'im.~ to clearings. The complete post strikl' 

cvalu:ttion report ls shown as apJ~dix D-B. 

Two photo Htrtps were fio\\11 in A~a A on 30 January on an east-wc~t fli~ht pattern in th~ 

north h3.lf of &.."-c ta~et. These strips co,·crt.-<1 approximately 2200 acres, or 18.2 pt:>rcent of 

t}w area. All n~c,)hrnizable burned areas larger Ulan 'lne hall acre wen- m~. Some areas 

ol Jitt,·rhurn unclc .. ·r dcn:-;t~ canopy could have been missed. The remaining Vt1tt•tation covl'r on 

t!w humc•d an•as was cnmpa~d with the cover on the same areaB on tht• pre-strike black and 

· ... hit•· photo~raphs. The n.•sults an.• shown as Table 2. The photo comparhon conditions wt•rt• 
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~ 
--Fig. 24 

TAY N.INH 2PM -WEATHER 
7-31 January, 1967 

TEMP RELATIVE PRECIP CLOUD 
DATE (of) HIJ MIL>ITY(%) (in.) COVER(8ths) 

7 88 55 6+ 

8 87 49 6+ 

9 90 44 1-3 

10 88 47 1-3 

11 85 51 3-5 

12 84 49 6+ 

13 86 43 3-5 

14 85 42 3-5 

15 81 50 6+ 

16 74 49 6+ 

17 79 50 6+ 

18 . 79 54 T 6+ 

19 81 58 .01 6+ 

20 83 51 6+ 

21 86 49 6+ 

22 90 48 3-5 

23 92 38 .76 6+ 

24 88 55 6+ 

25 86 63 1-3 

26 90 45 3-S 

27 88 59 6+ 

28 90 40 1-3 

29 88 59 3-5 

30 90 56 3-5 

31 86 59 1-3 
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FIRST STRIKE: PINK ROSE TARGET A 

1405 Hours 28 Jan .. 1967 ;Not~ light cloud cover~ 
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THIRD STRIKE LINE OVER PINK ROSE TARGET A 

1416 Hours 2 8 Jan .• 196 7 

(Convection column from first 2 strikes is located 

in lower left corner of figure) 
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FIRES BURNED HOT IN CLEARINGS 

(~OTE RESIDUAL WHITE ASH) 
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••• t" : 't \::; !~1 

'r·:.:.t'l.U ion. 

Hnt ground fire; partial recklc­

tion of trPe canopy; probably 

h<>avy scorching of canopy. 

---··---. 
Pr<>-St rikl' Vq.;t>tat ion T.uw 

A. Low, secondary vegetation (undt~r l;j feet 

high, mainly under 5 feet) having a very 

open tree canopy. 

B. Other secondary vegetation with open to 

semi-dense forest canopy. 

A. Low secondary vegetation, with very open 

tree canopy. 

B. Open to dense forest canopy; but mainly open. 

3. Li~t grcJUnd fire; little or no A. .Low secondary vegetation, with vel")· open 

tree canopy. canopy reduction; possible 

scorching of canopy. B. Open, •eml-dense, or denae forest canopy. 

R•·sults of the comparison showed that only 7. 5 percent of tbe total area of the post-strike 

pho1u sample w.as altP~d by .fire ~e Table 2). 

Table 2. Percent (i Tropical Forest ModllicaUon by Incendiary Attack, Area A, 
2H January 1967. (Baserl on Pre-strike Black and White and Post-&..rik~ 
Ektachrome Aerial Photo Cover.age of 18.2 Percent of the Total Target) 

Percent of vegetatlm burned 

A•·rtal Photo Degree or by vegetation type 

Strip Bum A 8 Total 
AJ;ree 'l Acree 'J Acres 

,., .. 

Sorth 52.4 3.7 56.1 

South 27,8 L 27,6 

Hnth 80.0 3.6 3.7 0.2 83.1 3.~ 

Sor1h 2 5.7 28.8 34.3 

'nuth 2 ~ 4,5 ~ 
I \c 1lh 2 27.2 J.2 33.1 l.:i 60.3 •) --·' 
~nr1h 3 6.3 8.9 13.2 

Sn\llh 3 0 ~ 8,2 

!·;.,th :s 6.3 0.3 15. l 0.7 .!1 ... I.U 

i •. !.d 11 :J •. -. ;, . 1 51.9 2 ... 1t;S. I I, I 
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Fig. 29A 

1412 
Hours 

Fig. 298 

1420 
Hours 

CONVECTION COLUMN DEVEI "DMENT 

PINK ROSE TARGET A 

28 January 1967 

Sf:CRET 



• * .. _ ..... ;: 

Fia. 30 

EXAMPLE OF PHOTOGRAPHIC CLASSIFICATION 

OF BURNED AREAS. PINK ROSE TARGET A. 
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; .. ,l 1 ~·~"~ill\ .11 :1~ ca.ku latt>d from mea.surell)cnts ',y(Ctlnvective activity amoWltc..•d to :.! •. -> . 
. '~·~:: .... ~~t~ ·:·;:.~~~>·:;- <-·;··,~· ;,.~.~·~· . ~ ·~;,1:;: .· ./>::~--~ ·::. ~ ..:· .. ~~ 

::: . ..; :~·r :tlTt' or :-~hnut L'J1
.' of the total a\·ailable fuel. This figure agt·ees well with thl' esti-

J~~.1:t·~ m:tdt' durin;..:; the ~9 J~muary obsen·ation flights. but is twice that determined from the 

Pl:\K ROSE ill - AR£ .-\ B, -1 APRIL 1967 

A N'a B is located in \\'ar Zone C, about -1 miles from the Cambodian border and 16 miles 

nonh-northwcst of Tay Ninh. The confluence of two small streams, Ky and May, near the 

northern center of the target box forms the BenDa River. National Route 22 between Tay 

:\inh and the Cambodian border cuts across the southwest comer of the target area. Highway 

:.!47 "ilich runs nearly east-west forms the southern boundary of the target. The \-egetation 

on the area \\·as comprised of a fairly dense stand of secondary growth with a patchy mature 

ovt•rstory. Except along the banks of the Ben Da, the target waa comparable In species com­

position and cover den,ity to research site TBNW (described later ID thiB report). The to­

~Y~ raphy WaB flat and the elevation WU approximately 60 feet. 

The incendiary raid on Area 8 began at 1400 LST on 4 April 1967. Weather conditions 

wen: less tLan ideal. but more favorable than those encwntered during PL'iK ROSE I. The 

week preceding the str-ike was typical of the transition period between the dry northeast mon­

,;oon and the wet southwest monsoon. 

A low rreHsure center over not1hem Indochina was already apparent from the surface 

th rou~h the H:'JO mUlif>ar level, and accwnt.ed for the southwesterly now over the southern 

hall of South Vit!t.nam. This southwesterly Oow ~:ua supported by anticyclonic stnaamllnt' 

fl,)w from a centt•r located Just ~the South Vietnamese C\>aBt, whiCh at Urnes durin~ the week 

"as lcx·att•d aA far east 3.8 the Philippines. The two flows cauwd thea developmeDt ~ a coo­

\ (·r·~t·nn.• zunt.' ov~r the mainland intermittently durtn~ the ~rtod. Recorded rain feU only on 

tJw :trrt of April at Bit•n Jloa. No other moisture ~·as nott•d other than f~ at many Ht.atit>nH in 

~ 1ulh \'1,·U1am (!Jut not ill the t~u·~t·t arc~ on the mom~H oC 2 and 4 Apr I. 

''n ttw mommJ~ of Uw :;trilw, thr. 11ky o\'er tb~ ta11eet wu cuvert'fi with a duuhle doud 

I.<. I· r; :-.olld stratus ~It :s:-~oo ft•t.1 and brokt-n altostratus at 7000 ft't•t. ny 1300 thl.' alto~t ratus 

!, ;'~ d; .·-.ip:&t,·d ;Uld J,(':a) thc·rmal '-·unve•ction had hrolwn lht.~ stratus to fum1 a 7/10 l'O\"t•r ol 

•• SE£RET----. 
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-: !. t! · •n: mulu :-. "it h ha~t·:-; at ;~.~00 ft.·et ~md tops about -t~OO feet. This persistent mom in~ o\·l·r­

(':1:--t \\t)ulcl ~ignitil.':mtly n.•tard dew evaporation. ancl ful'l moistures were unduuht«•(lly higher 

.ll Tl lT th:u1 would IJt• l:Xpcctcd considerin~ only temperature and relative humidity. Tay 

~ inh 's su n·ace \\'C~thcr for l-;) April is shO\\n in Fih'Ure 320 

Tht' Tay ~inh up1~r air sounding station is only 10 miles south of the ta~et. The noon 

sowHling showed that condition~ were considerably more unstable than on the previous two 

st rik(•s. The le,·el of free convection was only ~200 feet and the surface free convective 

temperature was 99°F, only six degrees above ambient at TOT. 

For this strike o the B-52 force was reduced to fifteen aircraft, and the target box was . 

compressed to 2300 acres to provide a nominal incendiary spacing or 52 feet (80 feet was the 

nominal spacinA c~n the first two strike.•) 0 Compressing the target box permitted a strike force 

n~icployment such that all bombs were released v.·tthin 12 minutes. As in both previous 

strikt"s. bombing- accuracy was taxcellent. 

lk-cause of the higher fuel moistures and lack o( solar radiation, fire buildup wa.s notice­

ably slower than that on the 1~ January raid on Area A. For the first 20 minutes practically 

nothing burnt.-rl except lhe lilcendiartes. Fires did eventually spread, however, and by 1445 

Uw convt'ction column had broken through the cloud layer and topped .Nt at 5000 feet. Rues 

of spn.-ad were rlt'terminl'd from sequential infrared imagery. During the maximum buildup 

pt•ric"l (112:) to l·t-t;; hours) the rate of fire spread in clearings ranged from 2.4 to -&.?linear 

ft.•t•t pt.~r minute, about "hat one would predict for hardwood forest types in the c.s. under 

similar circumstanceR~ From 1445 to 1515 hours, spread was drasUcally redaced aa the 

initially ~rnitt'<t ~pots bumt'd out to leave thin rings of burning Utter. As ln previous strikes. 

11n•s Uwn dit-cl out quickly and were ,,.onfincd t.o a few scattered areas by 1530. 

In Uw t.•nsuin~ hour, an f!Xtrt•mely lntt.'rt.•Hting and rarcl~ documcntt.'d phenomenon occur­

n·d . ..\lthou·~h all major fire ;tctivity bact ceased, the nccumulated beat finally p'u~hect HUrfact' 

tc·tlll'14'r;tluf"f•s ahn\t' the Cr•••• c.·onvt•cth·t.• lt•,·c. A towering cumulus dcvcloJM.-CI over the ta~t.·t 

.Uld n·.tdwd ant•lt•\alion of 4:i,OOO tu t.o.ooo ft.•t•t,.!lwul more than l/2lnl·h of rnin fell m the 

; ./'I I~·· 1••\\t·r· ··~tam:tlt> as t:Lkt·n from tlw Tay !\inh sounclin~, tht• up&wr t•stimatt! from airl·r:t.fl 
"''··•·r·-.;ltl<~fl"· LI:Jurtullatdy no radar ohst.•rvationli wen• uhtaiJu"tl. 
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TEMP RELATIVE PRECIP CLOUD 

DATE (of) HUMIDITY(%) (IN.) COVER(Sths) 

: : 

1 95 42 0 1-3 

2 99 37 0 1-3 

3 97 42 0 1-3 

4 93 51 0 6+ 

5 93 51 0 3-5 

/ 

TAY NINH 2PM WEATHER 

1-5 April, 1967-

Fig. 32 
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TAY NINH SOUNDING 

A ftitude 

{thousand i feet I 
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INITIAL FIRE BUILD UP ON PINK ROSE TARGET B. 

1415 Hours 4 April. 1967 
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Fig. 35 

SOUTHWEST CORNER OF PINK ROSE TARGET B 

1440 Hours 4 \pril, 1967 
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Fig. 36 

INFRARED IMAGERY OF PINK ROSE TARGET B 
4 Aprill967 
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t.1r~0t area before the damage assessment party entered the next morning. Neither towering 

cumulus nor rain were reported from any other stations within 125 miles of the target area. 

Although this event qualifies as a true ''firestorm," it should be emphasized that this fire-

-~ induced rainstorm in no way affected the course of the fire nor the damage produced, since 

the fire was e~sentially over before rain fell. 

J 

I 
I 
I 
I 
I 
I 
I 
I 
I 
J 

Ground reconnaissance on 5 April showed that the results, like the weather, were inter­

mediate between those of the first two PINK ROSE tests. Dead logs and snags burned well. 

Fire had spread for appreciable distances In the sul'face Utter. Clearings burned, and some 

trees ~ the edges of clearings were bumed. But fire did not spread into the forest crowns 

and the effective increase in vertical visibRity was negligible. Because of the '"iirestorm" it 

was not possible to use ccmvection colu&1D sounding data to compute fuel removal. 

Stem and twig samples taken from defoliated trees and vines showed that the maximum 

depth of char was 0.11 inches. These samples were collected immediately adjacent to loca­

tions where down£~ logs and snags up to 9 inches in diameter bad completely burned through. 

This is taken &S additional evidence that chemical defoliants are not acting as effective des­

iccants. 

.SE6BET_. 
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FIRE INDUCED RAIN FOUND IN M-35 CANISTER 

PII'JK ROSE TARGET B 

5 April 1967 
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DEAD LOGS BURNED TO ASHES 

~ig. 38 

Fig. 39 

ALTHOUGH GROUND LITTER BURNED, 
THE FOREST DID NOT. 
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RESEARCH SUPPORT 

Bt..'hn'cn !l .J~mu:n:y 1967 and 1 March 1967, a 5-man fire :resear:~h team was detailed to 

t :1c .-\H P. \ Research and Development Field Unit in Vietnam in support of Operation PINK 

RnsE. The team consisted of an infrared reconnaissance expert, a fire weather meteorolo­

hi:.;t, a fuels specialist, a fire behavior specialist, and an herbicide specialist. The team 

:1ssistcd in the interpretation of weather data, provided advisory services as requested by the 

Project Officer, collected data to document the effects of the incendiaey attacks, and investi­

gated the flammability properties of tropical forest fuels on a defoliated area near Trai Bi 

Special Forces Camp south of Area B. 

Tral Bi is located 5-1/2 kilometers south of PINK ROSE Area B. Fuel sampling was con­

ducted during Januar; and February 1967. One sampling area (Trai Bi North-TBN) was 

located 2-1/2 kilometers north of Tral Bi on the east side of National Route 22. The other 

area (Trai Di Northwest-TBNW) was located approximately 1 kilometer northwest of Trai Bi. 

Both area~ received a single spray tJ."eatment. TBN was sprayed with Orange in September 

and TBNW was sprayed with Orange in Noveniber or December. Data from r-mchhand spray 

crews indicated two missed spray stripbl in the TBNW .u-ea. 

The vegetation at Trai Bi was quite comparable to the forest stands observed during 

flights over area B. The general vicinity was characterized by vegetation that was somewhat 

sparse in comparison with most Vietnamese fuels. This was in contrast to the more .optimum 

fuel distribution in Area A and the dense triple canopy forest in Area c. 

The vegetation at the TBN site was essentially a single canopy stand with scattered over­

story trees. The predominant canopy contained saplings and small trees from 12 to 30 feet in 

height. The overstory trees were 50 to 60 feet high. A stem tally on a 1-milacre plot at TBN 

produced a total of 38 stems from 6 inches to 20 feet tall. The largest stem diameters re­

corded on this plot were onE: of 3/4 inch and one of 1-3/4 inches. About 90 percent of the stems 

at Tl3N showed definite treatment effects. Of this 90 percent of stems with tre~tment eiT~cts, 

approximately 80 percent of the stems were completely defoliated and 20 percent retained 

dead ::tttachf.d leaves. The remaining 10 pe1·cent of the total stand had green attached leaves. 

The forest floor litV.!r of dead hardwood leaves was essential!y continuous, but the fuel loading 

(wei~ht/acre) of the litter was fairly low. There was practicaily no vertical continuity of fine, 
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Fig. 41 

GROUND COVER AT TBN SITE 

(Compare with DUC CO fuels in Fig .. 5) 
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Fig. 42 

DE.FOLIATED ·cANOPY AT TBN SITE 
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d~:1d fuel \\ithin this forest stand. The above vegetation description is characteristic of the 

er.tirc stand from the woodline north for 1600 feet to the TBN sampling site. 

The v~gctation at TBNW differed from TBN by having a more pronounced overstory. The 

trees at the TBN\V site did not approach a closed overstory canopy, but there were definitely 

rr.ore mature trees per acre. There were sufficient over story trees to classify the stanrl as 

being double canopied. An active logging operation was workingwithin theTBNWsite through­

out the field sampling program. The understory was from 12 to 30 feet tall and the over­

story was 70-120 feet tall. The contrast between treated and untreated spray strips was 

readily apparent at TBNW. Approximately 70 to 90 percent of the stems in the treated areas 

were completely defoliated. In the untreated strips both the understory and over story canopies 

retained what appeared to be a normal complement of green leaves. The hardwood leaf litter 

layer was usually continuous at TBNW, but there was little evidence of vertical continuity of 

fine, dead material. 

FUEL MOISTURE 

The moisture content of fuels was determined for samples collected at TBN and TBNW 

(See Table 3). The moisture content of hardwood leaves and grass was measured by x_1·lene 

distillation and by oven drying at 103°C for stems and twigs less than 1/2 inch in diameter. 

All moisture contents are expressed on a dl")· weight basis. The moisture content of less than 

1/2 inch stemwood was consistently high on the treated study areas. The moisture content 

of the stems was well, correlated with the condition of the inner bark layer (i.e •• phloem, 

cortex, and cambium)-. All trees with a green inner bark, even though completely defoliated, 

had moisture contents in excess of 100 percent (indicating a viable moisture translocation 

system). 

The cambium inspection of many stems showed that the large majority of treated stems 

retained a green inner bark layer and thus were at adverse moisture levels in terms of com­

hustion. At moisture contents above 100 percent it Is impractical to consider these stems as 

ava.ibble fuel under Vietnamese weather conditions. A few treated stems revealed a reddish­

br(mn to brown inner hark which may have been indicative of a species susceptibility to the 

chemical trc:1tmcnt. Only a very limited number of stems were killed by the chemicals cur­

rl:ntly being used in Vietnam based on the examination of the inner bark tissue at the sampling 

sitl:s. 
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Table :l, :\toisture Content of Fine Fuchs and 1/2-b ch Stcmwood at Trai Bi, Vietnam, 1 !)lj7 

1st 2nd 
Replicate Replicate Average 
Moisture Moisture Moisture 

Date Area Fuel Type Content Content Content Remarks 
Percent Percent PP-rcent 

14 Jan. TBNW Ground litter 13 12 12 Utter composed primarily of species 
of Uipterocarpaceae, Anonaceae, 
Guttiferae. 

14 Jan. TBNW Attached dead leaves 22 13. 18 

14 Jan. TBNW < 1/2-inch atemwood 129 46 Two different species; 1st replieate 
Litsea, 2nd replicate unknown. 

I 
15 Jan. TBN Ground litter 10 10 10 

I 15 Jan. TBN Attached dead leaves 11 10 10 Myrtaceae Family - Barrlngtonia 
longipes, Genus and species. 

15 Jan. TBN < 1/2-lnch atemwood 11 11 11 Euphorblaceae Family - Croton 
1 poilanel, Genus and species; no 

attached leaves; no visible inner bark. 

15 Jan. TBN < 1/2-inch atemwood 153 163 158 Euphorblaceae Family - Croton 
poilanel, Genus and species; attached 
green leaves and green inner bark 
present. 

16 Jan. TBNW Ground litter 12 13 12 

16 Jan. TBNW Attached dead leaves 9 10 10 Anonaceae Family. 

16 Jan. TBNW < 1/2-inch stemwood 120 114 117 Melastomaceae Family - Memecylon, 
Genus; green inner bark present, 

24 Jan. TBN Grass 12 13 12 Negrandia madagascariensis. Genus 
and species. 
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Table 3, Moisture Content of Fine Fuels and 1/2-Inch Stemwood at Trai Bi, Vietnam, 1967 (Continued) 

1st 2nd 
Replicate Replicate Average 
Moisture Moisture Moisture 

Date Area Fuel Type Content Content Content Remarks 
Percent Percent Percent 

24 Jan, TBN Ground Uttei" 12 14 13 

· 24 Jan. TBN < 1/2-lnch stemwood 126 129 128 This plant· had dead attached leaves 
and green inner bark present. 

25 Jan. TBNW Attached dead leaves 12 14 13 

25 Jan. TBNW < 1/2-lnch stemwood 14 14 14 Dead logging slash on the ground. 

5 Feb. TBN < 1/2-inch atemwood 6& 75 72 Brown inner bark. 

5 Feb. TBN <1/2-inch stemwood 112 116 114 Green Inner bark present. 

\ 
\ 
\ 
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T!1c amt>unt of surface fuel available for combustion was determined h~' collectin14 one 

squ:lrt' foot plttls of lca.f litter. Three plots were colle~ted at TBN and two plots were col­

lcch.>tl at TB~\\·. The plot samples were oven dried at 103°C. and the litter quantity computed 

in terms nf tons per acre of or~anic matter. The average sampled quantities of litter were 2 

tons per acre at TBN and 4-1/2 tons per acre at TBNW. 

Although the total unit weight of surface fuels wa3 low, the distribution of the litter was 

usually continuous over both areas. The continuous distribution of fuel was not maintained in 

the vertical plane. The vertical orientation of fine dead fuels was limited on the sampling 

sites and few ladders existed between the surface litter layer and aerial fuels. 

FIELD BURNING TESTS 

Small test fires were ignited near Trd.i Bi using white phosphorus and incendiary gren­

ades. Fires were set in concentrations of logging slash at TBNW and in the hnrdwood litter of 

chemically treated forest stands at TBN and TBNW. The presence of the logging slash per­

mitted the comparison of fire behavior In a fuel configuration which simulated native slash 

and burn practices with that of the PINK ROSE fuel orientation. 

Litter Test Fire, TBN, 15 Januar;y, 1967 

Tiae ha.rdwooo litter in a treated forest stand v.·as ignited with a white phosphorus gren­

ade. A few i~Jtion points were estaillished. but fire spread was practically non-existent and 

spot fires were confined to areas of approximately one square foot. Combustion was S\!3-

tained for only a short period of time within those small spots. The air temperature at 1640 

near this burning site was 85 °F. and the relative humidity was 49 percent. The moisture 

content of the ground litter was ten percent. 

Slash Test Fire, TBNW, 17 January. 1967 

One white phosphorus penade was thrown into a rather heavy concentration of logging 

slash consisting of large limbs, branches~ and dead leaves. The slash fuels were contained 

within a perimeter of 114 feet. Flame heights of 10 to 15 feet were observed shortly after 

i;.:,nition. The weather observation at 1435 at the slash fire site indicated ~·• air temperature 

of ~o5l °F. and a relative humidity of 47.5 percent. The fuel mo!sture at 131!'i was 12 percent 
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Fig. 43 

LITTER COLLECTION PLOT AT TBN SITE_ 
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FIRE IN SURFACE LITTER AT TBN SITE 
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t.•:· k:1f i;:~~·t· :'•" 1 i'l PL'l"l:l'nt for dead attached leaves, The rcl:lti\'e humidH.\ at 1.-,J.) was .-,n 

lh..'rL···nt. n.,. 1.-,:::1 t!a.• :"ire had consumed a large amount of the fuel within the slash eon<.'l'n­

tr::ti•~n. :-: •• thin:.:: n.~m:tincd hut white ash and charring limb and braneh matcri:tl, The..· fire did 

lll)t :-:prL·:·d ,·!, l\\11\\"in,J into the sparse leaf litter. 

Slash Test Fire, TD~\\', 2:J .January, 1967 

At 1:::>.> one incendiary grenade was thro\\11 into a concentration of dead loggil1g' slash. 

Combustion was rapid immediately following ignition, but fire spread was not sustained 

throu~h~ 1ut the fw·l bed. The fuel in the center of the slash pile was consumed with practi­

cally no spread hc~·ond the point source of ignition, The slash fuel was aerially arranged 

without much fine surfrrce fuel. The air temperature was 87°F. and the relative humidity was 

61 percent :1t l:lili. At 1420 the moist~ content of attached dead leaves was l:J percent and 

the moisture content of small diameter slash branches was 14 percent. 

Litter Test Fire, TflN\V, 2!> January, 1967 

.\t I.) 1.1 t w·1 J n~:c11<Uary grenades were thrnwr into a continuous bed ef l,.n·dwood leaf 

!itter. The litter \\·3s ignited but fire spread in the natural fuel was not sustained followin~ 

the burnout of tht t:~n~. Fbme heights were on the order of 4-6 inches ru,r' ~he final size 

of fin.· spnt;.; 'La~ :a. )t.C l! 1.ck hes in diameter. 

HardwocJtl lit:cr ~~:.:llh the predominantly single canopy stand was ignited at 120:; with a 

white phosphorus ..:.n~n~uk·. Th~ fire at the impact point spread slowly and by 123.~ had burnt~d 

an a re:1 apprn:o-;i m~H•·h z;-, fe~t in diameter. At 1 :!-lO flames 3-5 inches high wen' spreading 

n:>J'Y s lmd.\· into 11'1L.trnl'd ha t·dwood litter. Thi~ spot .closely resembled sunw of th~ ihrnit ion 

points nh:-:t>n·(·d in PIXK ROSE Targ-et A whil~ flying over the area on February 3. t;nder the.> 

<":i nop.\· in t a r~t't a n'a A. the ordnanc~ ignition points were confined to small a rc:•s. Sustain<>d 

t''Jmhustion f)f tlw I itlt•r did not occur following ordnanct.> burnout. 
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:\ spot fire also started .about 50 feet from the grenade impact point. This spot was 

ch:t racterized b~· a continuously spreading fire perimeter in all directions. The firt.> spread 

slm' ly ~md m:.1intained a circular configuration. At 1221 the perimeter of this spot fire was 

100 fet!t. It was apparent by 1223 that the present perimeter would be close to the final fire 

size. Flaming zones around the perimeter were quite scattered. Backing flames w~re 6-9 

inches high and the flame depth was about 2 inches. The leaves burned to a black ash with the 

leaf structure well preserved. The black ash readily disintegrated when touched. Some of 

the residue was in the form of white ash. 

The only po~ion of the area still burning by 1227 was on the northeast and east sides, 

where flames were backing into a slight wind. By 1240 the fire spot was almost out. There 

was no vertical continuity of fine, dead fuel in this area and the fire remained a surface fire ,· 
throughout the burning period. 

The weather observation at 1200 on 5 February indicated an air temperature of 86 °F. and 

a relative humidity of 55 percent. 

DENDROLOGY 

The species composition of the vegetation at TBNW was identified on 7 February by a . 

botanist from the Botanical Garden in Saigon (See Table 4). The identification of vegetation 

is important in interpreting the response of different species to spray treatment. The iden­

tification was siratified by understory and overstory vegetation. There were instances where 

the same species were defoliated in the_ overstory but not in the understory. An explanation 

of this disparity in treatment effects might be aU::ibuted to the logging operation in the area. 

· At the time of treatment the overstory ~1ay have been more extensive, preventing good under­

story contact froL1 the single spr..Ly flight over TBNW. Or spray drift may have affected 

overstory trPes in the missed strips at TBNW, but not come into contact with understory 

vegetation. The majority of the overstory trees at TBNW were defoliated. More ~reen leaves 

remained in the understory at TBN\\' than were observed at TBN. 
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T~blc -t. Understory and 0\•erstory Vegetation Identified at TBN\\' 

UNDERSTORY 

Ccnus Species Family Remarks 

Croton poilanei Retained green leaves 

.-\cronychia laurifolia 

Grewia paniculata 

.Aparosa filicifolia Retained some green leaves 

Nephelium chryseum Sapindaceae 

AncistrocladtAs cochinchinensis Ancistrocladaceae 

Sindora cochinchinensis Leguminaceae Reta~ned g-.... een leaves 

Callophylum retusum Guttiferae 

Popowia aberrans Anonaceae 

Cal om us Pal mae Low. green herbaceous plant 

Cinnamomum zeylanicum Lauraceae 

Pasania or Fagaceae Retained green leaves 
Lithocarpus 

OVERSTORY 

Genus Species Family Remarks , 

Eugenia Myrtaceae Retained some green leaves 

Parinarium annamense Rosaceae 

Dillenia ovata Dilleniaceae 

Anisoptera cochinchinensis 

Sir.dora cocbinchinensis Leguminaceae No leaves ln overstory tree 

~tangifera cochinchinensis Anacardiaceae 

Adina ~'llycephola Rubiaceae 

Irving-ia oliveri lrvingiaceae Retained green leaves 

Diptcroca11>us intricatus Dipterocarpaceae 

Diptcrocarpus alatus Dipterocarpaceae Retained some green leaves 

P;t'iani:t or Fagaceae No leaves in overstory tree 
I .ith,carpus 
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!...\l)l)!\.\Tl lH\" FUEL DESCRIPTION 

.'.j)proximately 35 p<Junds of hardwood leaf litter were collected near Trai Bi and shipped 

to the :\ortl1ern Forest Fire Laboratory for fuel testing purposes. The leaf litter was mea­

sured and described in terms of properties which influence fuel flammability (See Table 5). 

The description of fuel properties will be used in support of subseque~t laboratory burning 

tests. 
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_!,I 

\\'e i~ht, \ · a.it \ l'Cfl 

lJ 
lfe:1t Content 

.\sh Content (~ . .:~aH~s) 

1 .eaf Density 

Leaf Specific GraYi~· ., 
~· 

Compactness nf 
l.itt cr Fut~ I Bed 

\\'eip.ht/linit Area 
1 . 

..!J 

\ sh Content ( Lt.':tves) 

T.t.':-tf Ik"nsit~· 

: .t.' ::f Spt..'(' ific G ra,·ity 

!/ 
C<'mpactness ,Jf 

I .it1t'r Fut..'l i\t'•rl 

English 

1 • 95 tons/ acre 

5.2'i 

TBNW 

4.50 tons/acre 

8264 Btu/lb 

10.4r4, 

17.4 lb/rt
3 

4.37 metric tons/hectarP 

0.255 gm/cc 

2 3 
2.2 em /em 

2 3 
58.1 em /em 

10. 09 metric tons/hectare 

4591 cal/gm 

10.4% 

0.270 gm/cc 

2 3 
4.1 em /em 

2 3 
55.0 em /em 

Heat content is expressed as the low heat value on an oven dry basis. · 

~/ Compactness is defined as the surfa~e area of the fuel divided by the void volume of the 

\'olumc of the fut..•i bed (ft
2 
/ft

3
). 

~~ c (Sig rna) is defined as the surface area to volume ratio of the fuel, or the surface area 
• d. :1 fuel particle divided hy the particle volume. Generally, the higher the value for 
si;.!.J.1:l the grcakr is the rate of fire spread since more surface area per unit volume is 
c:':}J'lS{.:d to conn~ctive and radiative heating. Incontrast tothe valuesforhardwood leaves, 

t':c a \·:due for i/2-inch sticks is 96 tt2/rt3
• 
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DISCUSSION 

The mar~inal results of HOT TIP in 1966 were attributed to ineffective desiccation treat­

ment of the vegetation and an inadequate density of ignition points. The absence of overall 

sustained and active combustion following the incendiary attack was interpreted to result from 

one or more of the following treatment deficiencies. 

1. The vegetation was not drying to low moisture content levels because single pass 

spray applications were not getting down to treat understory vegP-tation. 

2. The dry season application of chemicals was less effective than spray treatments 

during the wet season when plants would be more physiologically" active. 

3. Difficulties in the effective dispersal of chemicals could be caused by the moun­

tainous topography of Chu Pong. 

4. The ignition strips had been too widely spaced and this might ha\'e prevented the 

individual fire sets from adequately reinforcing each other. 

The PINK ROSE test requirements were planned to minimize all of these treatment defi­

ciencies. The new requirements called for double spraying during the wet season with Orange 

and White, followed by :4 desiccant spray application prior to the ignition of targets. Targets 

were selected in flat topography to provide optimum flying conditions for spray coverage. 

Ignition density was increased to saturate the targets with individual fire sets. 

Despite the modificat.ions of the forest incendiary requirements for Ope rat ion PINK ROSE, 

the three PINK ROSE tests gave conclusive evidence that tropical forest ve~etation was not 

appreciably- altered by fire under existing conditions. Fire has been used successfully for 

centuries in tropical regions by native people employing "slast -and-burn" agricultural tech­

niques. Shifting agriculture burning is characterized by the felling of all, or most, trees on 

an area and the dry season curing of this fuel just prior to burning. Tropical forests prepar£>d 

in this way have produced effective fires for clearing purposes. 

Prescribing similar clearing practices during wartime is not feasible in insecu rc areas. 

During the follow-up stages of the Iron Triangle military operation in Vietnam in l~li7, con­

siderable tractor clearing of land was observed. The vegetation was doled int~J windrows ~U1d 
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hun1ed. The results of such clearing appeared effective. but possibilities for widescale appli­

cation of this technique in areas which remained totally insecure appear questionable. Cost 

~stimates for achieving effective land clearing through aerial bombing with high explosives 

are extremely high ($840,000 per square Kilometer) . .!/ Also, such treatment may not satis­

factorily prepare an area for subsequent burning since the resulting craters destroy horizontal 

fuel continuity at the same time that they improved vertical continuity. 

In contrast to the optimum fuel arrangement established by slash and bum techniques is 

the less flammable PINK ROSE fuel model. This model, wl-ich developed following the defoli­

ation of 8tanding vegetation, was characterized by: 

1. A low surface Utter fuel load per unit area. 

2. A continuous surt'ace fuel layer in the horizontal plane, b.tt limited vertical con­

tinuity of fine, dead fuel; standing defoliated stems usually at excessively high 

moisture ~on tent levels. 

3. A minimallevel of solar insolation; although the stands are defoliated, the drying 

m surt'~ce fuels is not effectively assisted by solar radiati<m because ol signifi­

cant shading by branches, limbs and stems. 

The high moisture content of the numerous standing small stems combiDed with the other fac­

tors formed a fuel pattern which was incapable of ~ustaining active combutm roU~·tng igni­

tion. The low Intensity test fires observed near Trai Bi did not &81enle ... .-rru l'eCflired 

to influence even the small stems. Post-strike aerial ud 11'0118d ---~ IIDd photo 

reconnaissance of PINK ROSE targets revealed the aame re.wta: lptuoe poiDt aources 

burned out rapidly within forest stands with little a~rface spread and practically no vertical 

fire spread. 

\\'hen 1/2-inch stems are at a moisture content of 100 percent there is not sufficient 

energy produced from the litter fire to ignite these stems. If these stems were at 10 percent 

moisture content, the Utter energy level is theoretically capable of igniting the stems. So the 

.!./ Breit et al. Neutralization of Viet Cong Safe Havens: A Preliminary Study (U). Tech. 
Pa~a.r IL\C-TP-191, 1965, 74 pp. 
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problem to date in forest incenc'iary attacks in Vietnam appears to be the inability to effec­

tively desiccate the vegetation. It is evident that current defoliation chemicals, applied in the 

\·olumes and concentrations now iD operational practice, are not doing thf! desiccation job. 

Successful crown removal by fire tD Vietnam will not be achieved unless techniques of actual 

chemical desiccation can be developed. 
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APPENDIX I 

PINK ROSE Test Plan 

Sitkf1 
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REPLY TO 

~--·· 

DEPARTMENT OF THE AIR FORCE 
IIEADQtJARTERS SEVENTH AIR FORCE (PACAF) 

APO SAN FRANCISCO 96:107 

26 December 1966 

ATT~ OF: PL 

SUBJECT: Pll\'K Ra5E Test Plan (U) 

TO: See Distribution (Pages 100 and 101) 

1. (S) Th.~:: ~st plan Is effective upon receipt and provides for the operational 

evaluation of a techniq!le to clear forest or jungle growth by fire. 

2. (U) The nickname for the 1967 test of this technique· Is ''PINK RaiE. " 

3. (tJ) Task organizations will prepare supporting documents containing local 

procedures and directives as required. 

4. (U) Comments and/or recommendations for changes, additions, or deletions 

to thiA test plan will be addressed: Headquarters 7th Air Force (PLR), APO 

96307. 

FOR THE COMMANDER 

A. L. HILPERT, Colonel, USAF 

Deputy Chief of Staff/Plans 

S£8RH 

DOWNGRADED AT 3 YEAR INTERVALS; 
DECLASSIFIED AFTER 12 YEARS 

DOD Dm 52.00.10 

PL-66-00783 
RDFU Log S-0~5-67 
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PINK RceE TEST PLAN 

1. RcfcrL:necs: 

:t. Secret l\IACJ3 memorandum dated 7 Oct 66 to Commander 7 AF and JRATA. 

b. Secret COMUSMACV message DTG 050830Z Oct 66 to ~D. 

c. Secret COMUSMACV message DTG 011528Z Jul 66 to CINCPAC. 

d. Secret US De{Jartment of Agriculture Forest Service Final Report- Phase I, Forest 

Fire Research, Volume 1. 

2. Purpose: 

To detennine the techniques and conditions required to destroy large areas of forest or 

jungle growth by fire. 

3. Background: 

In September 1965, CINCPAC recommended to the Joint Chiefs of Staff that an imme- · 

diate requirement be established to develop a capability to destroy by fire large areas of for­

est and jungle gruwth In Southeast Asia. This request was approved by the Joint Chiefs of 

Staff and the Director of Defense Research and· Engineering directed the Advanced Research 

Projects Agency (ARPA) to. accompllsh the required research tasks. The Forest Service, 

under contract to ARPA, researched this problem In Vietnam and collected data. A test op­

eration w~.s conducted· at Chu Pong mountain (YA 88 02) near Pleiku. Burn of this area was 

accomplished on ll March 1966 by B-52 strikes (HOT TIP I & II). The area selected had 

previously been defoliated and incendiaries were dropped to ignite the area to be burned. It 

w~s concluded that although results of HOT TIP were indeterminate, sufficient information 

did exist to warrant proceeding with project PINK ROSE In three areas selected within War 

Zones C and· D. 

4. . Technique: 

During the period August- December 1966, selected areas will be defoliated t\\icc by 

c-12:1 aircraft '-;'Sing orange or white herbicide diRpensed from standard dispensers. Selcct('d 

areas will be rcsprayed using blue desiccant approximately ten day.J before ignition.; In late 

J:•.'luary and late February 1967, the selected areas will be bombed by B-52 airerafl u~in~ 
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:\1-::.-~ l•wcndL.lr\ Clu~tcr Bomhs. The ensuing forest fire is cx}X'ctcd to con~unw the dried 

\"l';..!.t'Lttiun and dC'nude the target sufficic~tly to deny its usc as a safe haven. 

a. Validate eonclusions reached from previ~us research on optimum techniques for df'­

st ruction of forest/jungle areas in Vietnam by fire. 

b. Determine feasibility of emplo)ing PINK ROSE techniques as routine operational 

c. Determine supplemental advantages gained by use of burn techniques follo\\ing defo­

liation over use of defoliation techniques alone. 

d. Determine magnitude of possible long-range benefits derived from PI~"'K ROSE tech~ 

niques. 

6. Discussion: 

a. Selection of Specific Targets for Burn. 

(1) War Znnf' r: and D arC:' elements of the 1966-1967 MACV-GVN defoliation pro­

gram. Three arl!as have been selected· as representative forest/jungle growth for PI~~ 

ROSE tests. Each is a square having sides of seven kilometers and each contains approxi­

matcl:v 12,000 acres <lf jungle. These areas also contain known and suspected VC /NVA in­

sta.llations. 

(2) A target map is attached as Appendix 1. 

b. telection of date for Target Burn: 

(1) Optimum conditions for a forest/jungle burn exist on a hot, dry, relatively cloud­

less day. Work accomplished during Phase I of Project EMOTE, (Reference 4) indicates that 

the number of days when forest incendiary operations are possible within the potcnti~,J tarJ,tct 

areas is greatest during January and February. These two months have the least rainfall and 

most nearly meet the optimum requirements. For these reasons, late January has been se­

lected for date of first test burn. 
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(~) This same source also indicates that the relative humidity is lowest and the 

:, ::·: p~- r.tt u 1·c is hi:.:;hcst at approximately 1400H. Since the3e concUtiuns arc optimum for ~ood 

LlL"iDii~, 1-lOOII has been selected as the start time for ignihons. 

{:~) It is desirable that the target date be flexible fer two reasons. F ir~t, operational 

l"l'iluircments n~!l.\' preempt the use of B-52 strike aircraft for higher priority targets. Se­

cond, since wcathet plays s~ch an important part in successful PINK R~E operations, it 

wnuiLl be highly dcsirab~e to have the capability to delay target ignition for one to three days 

if the weather is unfavorable. 

c. Defoliation _Program: 

(1) Preparation l'f PINK R~E targets by aerial herbicide operations will be accom­

pli~hed to insure proper pr~burn condit,;. ..,ns. 

(2) Concept of ol'€rations will be as follows: 

(a) During the period November 1966 -February 1967 • continue defoliation of 

the three target ar~as. Herbi'!'.de operations will be conducted in three phases: 

1· Phase I - ll\'tial treatment of each target area. Total target '\\ill be 

treated with three gal/acre of orange herbicide on areas A and C and three gal/acre of white 

hcrbil'idc ol'l a1·ea B. Initial application should be completed as quickly as possible. Desired 

schedule for completion is: Area A- 14 November 1966; Area B- 16 November 1966; and 

An~a C - l8 Navcmber 1966. (Note: all areas were completed by 27 ~ovember 1966.) Des­

iccation of the upper canopy as quickly as possible is essential if the treatm£'nts arc to be ef­

fective by the scheduled target strike dates. Orange herbicide is preferred because of q'Jickcr 

action and greater possibility for defoliation of lower canopy through volatilization. 

!· Phase n - The three targets selected for burning will be treated v.ith a 

~econd herbicide application at a rate of three gal/acre. Targets A and C will be treated \\ith 

orange and Target B will be treated with white. The following schedule is desired: Area A -

2'i Dec l!J(;fi, Area B - 28 Dec 1900, and Area C - 26 December 1966. 

!!· Phase m - During this phase a desiccant. agent blue, (phytar), \\ill be 

apulicd to half of each target area to dry dead foliage and other combustible matt'rlal. Tar~cts 
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.\ :t:Hi C \\ill rC'l'Civc three gal per acre and Target B will receive 3 gal/acre. The dc;.;iccani. 

~ h\ 1t!ld be applied on the south half of area B and C and the west half of A approximately ten 

d:t\ !"' ~dlC'ad of tar~ct i~nition. It should be appliC'd at right angles to the fli~ht lines u~cd in 

the i11~tial application on each area. Desired schedule is: Area A- 19-21 January t9G7; Area 

R - :2t)-:2~ January 19G7; and Area C - 5-7 February 1967. 

(b) Schedule and tasks for Herbicide Operations: 

1· War Zone C was approved and ordered executed by the Joint General 

Staff for the period 5 September 1966- 31 March 1967. War ZoneD was approved and or­

dered executed by the Joint General Staff for the period 16 September 1966 - 31 March 1967. 

!· Aircraft. and herbicide requirements • 

.!· The target area of forty-nine square kilometers will require 34 

sorties ancl 34, 000 gallons of ..:>range/white herbicide. 

,!!. The first application to three targets will require 102 sorties and 

1 0~, 000 gallons of orange/white herbicide • 

.£• The second application to three targets will require 102 sorties 

and 102,000 gallons of herbicide - 68,000 orange and 34,000 white. 
~·~ .. 

!!· The third aJY,t!icatio:: ~pplied to half the target area \\ill requ!.re an 

additional 51 sorties and 42, 500 gallons of blue. 

!t• The total herbicide requirement is 255 sorties and 246,500 gallons 

of orange/white/blue. 

d. lgni tion: 

(1) The M-35 Inceniliary Cluster Bomb has beE-n selected to provide Pll\1< ROSE ig­

nition. This bomb is a standard munition and is available. It weighs 750 pounds and con­

tains a cluster of 57 M74A1 bomblets, each bomblet containing 2. 75 pounds of PTl incendiary 

filling. The bomb cluster is nonnally set to open at an altitude of 5000 feet. 

(2) In order to effectively ignite one selected target, 1260 M-35 bombs must be 

dropped (42 for each of 30 aircraft). Since three targets have been selected and prepared, 

ar.d current planning provides for strikes on all three targets, at least 3780 l\I-:15 bombs must 
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!·:· .1\·:tn.tldl' l1 1 the :;rd Air Division on Guam. Programming should provide forcomplct£' units 

:., Hdudl' \1-:;.-, hnmbs, ?\l-1·1 U.il fins, two M152/AN-132Al fuzes per bomb and :\1~:; type B 

p) 1~niUon of each target will be accomplis! ..:d by a B-52 strike of 30 aircraft. 

Eaeh aircraft \\ill carry 42 M-35 Incendiary Cluster Bombs. Results of a similar operation 

l~st year indicate the need for a greater number of ignition points than were used previously. 

Reference -l also specifics that there should be at least one ignition point for each 8000 square 

feet. Information provided by SAC indicates that one B-52D can provide approximately one 

i~nition for each 1>200 squar(; feet throughout a pattern 700 feet wide by 21000 feet long. (Ref­

erence Secret message SAC to CINCPAC DTG 061630Z Sep 66.) Proper spacing between in­

dhidual aircraft and aircraft cells so that each 700 foot swath touches an adjacent one will 

properly saturate a square 21000 feet on a side or approximately 41 square kilometers. Use 

of synchronous tcehniques is desired to reduce the overall span of time between the first air­

craft over tar~ct and the last. Also, this technique should provide a greater probability of 

uniformly saturating the target area. 

c. Weather: 

Since weather conditions so critically affect the burn potential of the target areas, 

th<." maximum weather information and advice obta;_nable must be available to the Project Of­

ficer. If a rainfall of 0. 2 inches or greater falls in the target area, three drying days will be 

required. A rainfall of less than o. 2 inches will require one drying day. 

f. Documentary Photography: 

Project PINK ROSE will probably be the f!nal test of the feasibility of destro)ing 

fo1·est/junglc gro\\th by fire. Many agencies, both military and civilian, \\ill be interested 

in the results. It is, therefore, e>.iremely important that this p~oje<:t he adequately docu­

mented. Documentary photography \\ill be required to cover initial planning, dcf<'liation and 

1 ts effects, strike a.i rcraft support, ignition and post strike effects. 

~. Ground Heconna.issancc: 

(1) Thf' Fifth Spcdal Forc.:cs Group will he requested to pro,; de com hat h.•am sup­

P',J·t for four p<·dple- A Forest Service Specialist, an ARPA Observer, a 1\tACCOCi lh'prc­

. :·nt:ttivc :t11rl :1 pl1qto~raphcr. They arc to be airlifted into the target are:1 shortly after d~l\\ll 
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of the da.'· foll(ndn~ cal'h irkendiary strike (or as soon thereafter as ground and air conditions 

pC'nnit as determined hy 5th SFG) and to be airlifted out the same day. 

(:!) On-site analysis by a qualified Forest Service observer after strike can provide 

<'ritical answers necessary to logical data analysis not obtain!lble by any .other means. Spe­

cific answers required are actual existing species of vegetation, lower canopy conditions, 

ground fuel type and availability, impact pattern of incendiaries, dud rate detennination, ef­

fectiveness of ignition, ground cover removal, etc. 

(3) It is desirable to obtain samples of ground fuel beiore strike to detennine the 

true moisture content of existing fuel. Sampling kits and instructions will be provided by the 

Forest Service for use of Special Forces. If Special Forces personnel are in target area 

prior to strike, fuel samples should be obtained •. A specific mission to fulfill this require­

ment is not considered necessary. If possible, it would be highly desirable for a Forest Ser­

vice fuels specialist to obtain samples In or near target B area prior to strike. It may be 

possible to accomplish this l'y operating out of the Special Forces camp at Ap Trai Bi (XT 12 

70). 

4) An on-site evaluation of the tactical effectiveness of the PINK ROSE technique 

can be provided by accompanying Special Forces personnel. Special Forces personnel asso­

ciated with the post strike entry party will be Interviewed by the Pink Rose Project Officer 

and their evaluation of effectiveness will be included in the PINK ROSE operational report. 

h. U. S. Department of Agriculture, Forest Service: 

(1) The Forest Service has had much experience In removing cover by fire and has 

participated in both Operation SHERWOOD FOREST (1965) and HOT TIP (1966) conducted in 

Vietnam. For PINK ROSE, t.he Forest Service will make available to the Project Officer a 
I 

3-man team consisting of an infra-red reconnaissance expert (team leader), a fire weather 

meteorologist and a fuels specialist. This team will arrive in Saigon approximately 9 Jan­

uary 19()7. The team will be prepared to conduct laboratory determinations of fuel moisture 

content, assist in interpretation of weather data, and provide advisory services as requested 

hy the Pro jed Officer. 
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(:!) A fire behavior specialist will arrive in Saigon on 14 January 1 ~H>7. lie will 

· m:ll'c c\·aluations of fire bcha\ior during the operation and on-the-ground technical evalua­

tions of effectiveness after the strike. He will also be available for advisory serYice as re­

quested by the Project Officer. 

(3) An herbicide specialist will be located in Bangkok during January. He \\ill be 

available for PINK ROSE on Request. Under its contract to ARPA, the Forest Service ''ill be 

conducting research in Vietnam after the conclusion of PINK ROSE. Forest Service personnel 

\\ill be available for assistance in compiling or analysing data for Inclusion In the operational 

report as requested ilY the Project Officer. Forest Service persoMel will be returning to 

CO~'US approximately 1 March 1967. 

i. Aerial Reconnaissance: 

(1) Analysis of target area data furnished by aerial reconnaissance will provide the 

major input for the technical evaluation of Project PINK ROSE. R~Jirements can be grouped 

into three areas - infrared photography, simultaneous dual color photography, and infrared 

coverage. 

(2) The targets will be very hot. l]nless precautions are taken during m readouts, 

amplifier saturation and DC-level ·shift will oecur obscuring terrain detail on the non-hot 

areas. Terrain detail is essential for data analysis. Smoke In the area will prevent location 

of the target center by visual means. Real time viewing of m signals will be required to lo­

cate flight lines. Severe turbulence Is expected In the convecUon column and it should be 

avoided if possible. Specific requirements follow and will be required for each of the three 

targets. 

(a) Infrared Photography: 

!· Area: Complete coverage - a square, 7 km on a side. 

!· Filter: Wratten 12 or minus Blue (yellow). 

~· Film: m black and white. 

!· Resolution: Three Inch ground 

. &_. Overlap: 55 - 65% 
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~· S idelap: 30% 

1· Scale: Not less than 5000 feet/frame. 

~· · Date required: Prestrike- between 1 December 1966 and strike date; 

Post strike - three to five days after strike. 

!· Clear sky and high sun are desirable to minimize shadows • 

.!!!.· Individual 1:8,000 scale mosaics of this coverage: :!,.e desired as soon 

as possible after strike. 

(b) Color Photography: 

!· Area; Sample coverage of each area simultaneously in two colors. Ap-. 

proximately two percent area coverage is required. It should consist of strips flown at right 

angles to each other. North-8outh strips should be flown during prestrike photography; East­

West strips should be flown during postrtke photography. 

!· Film 1: High Speed Ektachrome. 

Film 2: CD Color (Camouf'.c&ge Detection). 

!· Filter 1: Haze. 

Filter 2: Minu8 Blue or G. 

!· Resolution: linch ground. 

!· Overlap: 55-70%. 

!· Side lap: None. 

1· Date required: Prestrike - three to five days before strike: Poststrike­

three to five days after strike. 

(c) Infrared= 

!· Spectral Region: 8- 14 microns. 

!· Ret:solution: 2 milliradians • 

.:!· Viewing: Real Time. 
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!· Recording: 5 inch film and magnetic tape. 

.2,. Scan Angle: 120 degrees. 

~· Flight Altitude: 10,000 feet. 

1· Time: Start as soon after strike as possible. Runs will be made at 

five minute intervals (or 30 minutes (six runs). Additional runs at 30 minute intervals will be 

made for the next two hours (4 runs). One run is ~Ulred the day after the strike, preferably 

between 1100H and 1400H. 

j. Forwar.i Air Controller Support: 

(1) Support from Forward Air Controllers In the following locations will be re­

quired- Tay Ninh, An Loc and Xuan Loc. Support required will consist of routine direction 

of 12ACS operations prior to strike, visual observations of target area, and aerial photog­

graphy in conjunction with normal missions. 

(2) Support of l2ACS RANCH HAND operations already Is being provided and will not 

be further affected b)· PISK RQ;E. It Is desirable to have reports from Forward Air Control­

lers on precipltatioa or lack cl lt In the target area. starting three days before strike date. 

This report can be caDed by telephone to the TACC after normal cla11y flights are completed. 

The 600th Photo Squadron will provide photographic documentation of Project PINK ROSE. 

Occasional flights by aerial photographers in Forward Air Cont1o!ler aircraft are required. 

These will be conducted In conjunction wf.th normal missions. 

k. Psychological operations: 

Psychological operations exploitation of B-52 (Arc Light) strikes will continue in 

accordance with existing Instructions to D Field Force V. 

1. Data Collection: 

(1) Forest Service pers<r..4el, from the U. S. Department of Agriculture, will col­

lect te<.;hnical data and publish technical reports for the PINK Ra;E operation. 

(2) Support requirements will be obtained through the Seventh Air Force Projc<.·t 

Officer. 

(:j) Data collection wilJ generally be in accordance with the followin~ outline. 
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(a) Defoliation Program- Obtain maps from the 12th Air CommamJo Squadron 

of each area (1/50,000 SC'ale) sho~:fng the area sprayed each day by date, the chemical used 

and the rate of application. 

'->) \\'eather- Obtain copies of all data as specified in paragraph 7c(4) of this 

p1an. 

. (c) Fuels -Obtain: 

!· Samples of both treated and untreated leaves and twigs for fuel moisture 

determination. 

.!· Sa.Dl) les of ground Utter for detennination of fuel loading. 

!· Herbarimn records of species composition of each target area. 

(d) Oi·dnance and Delivery - Obtain: 

!· Copy of frag orders for each target. 

!· Copy of ~AC debriefing information to Include time of Cirst and last 

bomb on each target; number of aircraft and bomb load; and formation type, altitude and air-

speed during strike. 

!· D~pth of penetration of Individual Incendiaries by soil type supported by 

B&: W photos. 

!· Typical ejection pattern of Individual Incendiaries and extent of varia­

tion from the typical pattern (to be detennined by analysis of infrared film). 

!· Copies of all available photography taken by SAC. 

(e) Fire Behavior - Obtain: 

1· Rate of fire spread and Ume of coalescence (to be determined by analy­

sis of infrared film). 

!· Rate c:l rise of convection column by five minute time Intervals. 

!· Height of column at condensation level. 

!· Height of column at icing level. 
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Q_. Diameter of column at base, ~moke fallout junction, icing zone and top. 

Q.. Copies of all photography taken during strike. 

(f) Fire Effects - Obtain: 

!· Increase in vertical visibility (to be obtained from pre and post-strike 

photography). 

!· Increase in. horizontal visibility support by B~W photographs. 

A· Samples of partially burned fuels for residual energy determination. 

!· Depth of char measurements on standing stems • 

.2.· Measurement of stub diameters by height class. 

!· Photographic documentation of casualties produced and dam~ to tar­

gets of military interest. 

m. Command and Control: 

(1) The normal command channels of all participating units will be used to conduct 

thit; test. 

(2) MACV COC-8 will task the Third Air Division for B-52 support for this mission. 

Execution of SAC forces will remain with the .strategic Air Com man d. PINK Ra;E require­

ments will conform with existing Arc Light procedures. 

(3) The Seventh Air Force TACC will control all other aircraft participating in this 

test. 

(4) The Project Officer, having evaluated Information provided by weather officers, 

the Se\·cnth Air Force SACLO, Forest Service representative, and F AC reports, will request 

MACV COC to frag strike units for Ignition missions. He wt11 also request the Seventh Air 

Force TACC Plans Division to frag photo reconnaissance units and documentary photo units. 

The m DASC will frag F AC units for ~cessary support mtsstona. The current Operations 

Jlivision, in <..-oordina:ton with the Project Officer, will Issue any necessary instructions to 
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recall the B-;)2 force throug!l ~L\CV COC-8 to Third Air Division. Recall could be from Sev­

e~:th Air Force if necessary. This instruction to recall would normally only be rcqu~sted in 

the event of unfavor::tble weather which would negate test. 

(:3) During the execution phase, the Project Officer will closely monitor all con­

ditions affecting desired test results. He will have the authority to cancel a ta.sked mission at 

any time that unfavorable conditions preclude optimum test resUlts. Cancellations and subse­

quent rescheduling of missions will be relayed to participating units through normal control 

agencies. 

7. Support Requirements: 

a. MACV will be requested to: 

(1) Execute defoliation program within priority as specified in paragraph 6c. 

(2) Provide coordination with US Army to obtain support from Fifth Special Forces 

Group as specified in paragraph 6g. 

(3) Provide coordination with SAC/3rd Air Division to assure necessary strike air­

craft support. K-17 camera film of strike is requested if conditions permit. 

b. Seventh Air Force will: 

(1) Provide through the TACC, fragging for the photographic reconnai~sance mis­

sions and the documentary photographic missions. 

(2) Provide through them DASC, Forward Air Controller Support of defoliation op-

erations. 

(3) Provide through the m DASC, Forward Air Controller visual observations in 

target areas as specified in paragraph 6j. 

(4) Provide through them DASC, observation Oighta for photographic persormel as 

specified in paragraph 6J. 

c. First Weather Group at Tan Son Nhut will: 

(1) Provide a 1st Weather Group coordihator to monitor and coordinate all Air 

\\'f!ath<~r Service meteorol~ical activity in support of thia plan (WGQ-PL) and furnish PITt\ L 

t.:'iuipmenl to Cr)mhat \\'cather Team at Quan Lol to~ requirements of this operation. 
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(:!) Through the Fifth \\'eathcr Squadron: 

(a) Provide two J>IB.r\LS per day, maximum height of 12,000 fed at 0"'0011 anu 

1 l11i1I1, fr11n"' Qu:m Loi commencing on or about 12 January 196i and continuing until the day nf 

thL' final strike, approximately 25 February 1967. The PinAL data will be furnished to Oct 2, 

40th \\·cathcr Squadron. 

(b) Insure that all upper air data received from US Army 1\·tcteorolo~kal Units 

at Tay Ninh, Cu Chi, and Phuoc Vinh during the period shown above are encoded and trans­

mitted on the SEA Weather Net. 

(3) Through Det 2, 30th Weather Squadron, provide to the ARPA Staff Mcteornl~ist 

the following data: 

(a) \\·eather observations from m Corps in the vicinity of the tar)l;et area. 

(b) Rawinsonde data (plotting and sounding) from Tay Ninh, Cu Chi, and Phuoc 

Vinh. 

(c) Coded PIBAL information from Quan Loi. 

(d) Target Area forecast provided by Det 14, 1st Weather Group. 

(e) Radar scope photos beginning five days before ,each strike, ))hotos tt~ be 

t:tken only where echoes appear on scope. On the day of the strike, pictures wi11 he taken at 

10-minute intervals beginning at 1300H and continuing until the ARPA representative tcrntin­

at(..•s the requirement. 

(f) Other meteorological services and/or data requested hy the ARPA Staff Me­

teorologist and coordinated through 1st Weather Group Project Officer. 

(4) Thro~h Dct 14, First Weather Group, provide: 

(a) At approximately 64, 40, 16 and tO hours before strtkc tim(' a 2·1-hour 

lon·cast for the target area. This forecast will contain cloud condition, surface wind in miles 

Jll'r hour, and a specific forecast of rain or no rain. If rain is forcca~t, th£' amount nf pn·­

c ipit:ltion expected will he included. In arldition, a iorecast of tempe-rature in dcg.recs F, and 

•···l:tti\·c humidity for HOOII on day of strike will he provided. 
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(1" Other mdcorologic~ll services and/or data requested hy the A H Jl,\ !'tan :\le­

·~·· ·! · 1 ~ 1 .-.;t :md Ctk•nlinated throu;.:.h 1st \\"cathcr Group Project Officer. 

d. Thl' tith!th Photn~raphic Squadron will pro\'ide documentai:' photov;raphic supp11rt in 

"t', >rd:U1l L' \\·ith the followin~: 

(1} :\lot inn picture format - 16mm ECO. 

(2) Still photography format - 120 and 35mm Color, 120 B&\V. 

(:1) A shooting outline will be followed as agreed to between Project Officer and 

·i'·~·"t1h Phntov;raphic Squadron. Basically, this will be a scenario covering initial planning, 

· iei"•)liation of selected areas and its effects, B-52 suppcrt, strike of target and post-strike 

dfccts. 

(-1) Photo;.!;raphy will require the following aircraft support: 

(a) One CH-3C or equivalent for D~ay. 

(h) Two each F-lOOF's for D-day to photograph release of ordnance. 

(c) Two 0-lF's to photograph target area prior to D~ay, on D~ay, and 2-3 

days after 0-day. The flights prior to and after D~ay can be made with one aircraft on two 

· sep3ratc fliv;hts, one for still photography and one for motion picture photography. 

(d) Two fli.ght8 with RANCH HAND aircraft. 

(c) Aircraft to fly photo chase on RANCH HAND aircraft, possibly F-100 or 

CH -:~C. 

f"'~' The Project Officer will provide photography dates, locations, contacts, and 

1 11·: nl n:;4uo~ r•-!'n4:~.s =tnrl ciist ribution. 

•: t ·~ , -.~ technical advisory service to OSD/ARPA RDF1J-V and Project Officer 

,.:.! 1 C·,i!l'1:t clat.a as specified in paragraph 61. 
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1. O~D/ARP.-\ RDFU-V will: 

SiGRl!T 

(1) Pro\'ide technical inputs to Project PINK ROSE through Project Officer and pro­

\·>_k liaison between Forest Service and OSD/ARPA RDFU-V. 

(2) · D::-ect the ARPA Staff Meteorologist to: 

(a) Coordinate with task organizations through 1st Weather Group on existing 

and future weather requirements. 

(b) Provide film for scope photography. 

g. 460th Tactical Reconnaissance Wing Will: Provide reconnaissance requirements as 

specified in Section 6i. 

h. 12th Air Commando Squadron will: Provide herbicide and desiccant treatment of 

areas as specified in paragraph 6c. 

8. Time Schedule: 

PINK ROSE Project assigned to AFTU-V 

Arrival of ARPA/Forest Service Team 

Select~on of three specific target areas 

Preliminary draft of Test Pl~. 

Coordinated Test Plan complete 

Establish weather watch 

Blue Spray of target areas 

lfnition of target areas 

Post-striJ.·e analysis 

Operational report 

4 Oct 66 

1 Nov 66 

6 Nov 66 

9 Nov 66 

15 Dec 66 

12 Jan 67 

8 Jan, 5 Feb, 10 Feb 67 

C-18 Jan; A-25 Ja.~ ~ B-1 Feb 67 

19 Jan, 16 Feb, 23 Feb 67 

23 Mar 67 
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\1.\C,J:~ Cdoncl·(; l't·~· •i'.\. l·l Dc'l' tili 

:\lACJ;H 

l\lACSA Dr. Mcl\1illan, 
Colonel llamnwtt, 10 J>c'l' fifi 

l\IACCOC2 Colonel Stanton. l J D :e 4ili 

~1ACCOC7 LtCol Callanan, 1 t Olt' fifi 

!\IACCOCS Colonel Lemoin~. 1 I ;)r:'c fifi 

ARPA RDFU-V Major Rosenthal. 1 ;, Dec HH 

s~v<'nth Air 1- orce 

TACC B/Gen Talbott, 1 !3 Dcc G«i 

DOSACLO Colonel Weyant, l'l l)('c G•i 

I st Weather Group LtCol Hughes, 12 Oe<.· llG 

t:!th Air Commando Squad!"on 

;;}."ith Ai 1· c .. ,mmando Wing Colonel Blair, 1:1 Dl.':: Hu 

-lf.Oth Tal Rccon Wing Colonel Nelson, 1·1 Dec fiG 

600th Photo Squadron Capt King-, 12 iX'l' •Hi 

U. S. Department of Agriculture Mr. Chandler, 6 ~nv 66 

:.;,,i.e: Final Coordination will be with MACV J2, J3 J.nd Director, COC. SevC!l~h Air For('(' 
\\ill be with Dl. DO and PL. 
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APPROVl::D TEST PLA~ DISTRIBUTIO~ LIST 

0t'p:1rtrncnt of Defense 

Director, Advanced Research Projects Agency, a~scarch and 

Development Field Unit, Vietnam 

United States Air Force 

AFRDQR 

AFRDC 

AFRDQ-A 

AFRDDE 

Pacific Command 

J-3Al2 

Scientific Advisory Office 

P.aci!ic Air Forces 

DORQ 

Military Assistance Command, Vietnam 

MACJ3 

Seventh Air Force 

DO 

Dl 

TACC 

Air Force AcMsory Group (OOC) 

AFSC Uaison Officer (DAFSC) 

SAC Uaison Officer (DaiACLO) 

1st Weather Group 

12th Air Commando Squadron 

31 !')th Air Commando Wing 

4li0th Tactical Reconnaissance Wing_ 

li()fHh Ph()tographic Squadron 

10 

1 

1 

1 

1 

2 

2 

1 

10 

5 

1 

1 

1 

1 

1 

~· 

1 

1 

1 

1 
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Army Concept Team in Vietnam 

Headquarters. Dept of the Army, ACSFOR CM~ Washington, D. C. 

Vnited States Navy 

Navy Re·.i~::-.rch and Development Unit, Vietnam 

Strategic Air Command 

CINCSAC 

Cmdr, 3rd Air Division 

1 

1 

1 

1 

5 
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APPENDIX II-A 

Post Strike Evaluation Report PINK Ra;E Target Area C 
19 January, 1967 
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OPERATION Pl:t-."'K ROSE 

Post Strike Evaluation of Target C 

From 07-15 to 1915 on Thursday, January 19, 1 ~67, a post strike evaluation was made of 

the effects of the January 18 incendiary raid on Target C. Landing was effected in the cast 

end of the swamp at YT 359443. Light ground fire was experienced on landing and fresh 

tracks were observed at the margin of the LZ. The evaluation party moved north from the 

LZ approximately 100-150 yards until reaching the estimated centerline of a bomb nan (pro­

bably the south plane on run 5). We then moved east along the bomb nan centerline for ap­

prmdmatcly 1 kilometer (to YT 349447), moved south to the margin of the swamp and fol­

lowed the swamp margin back to the LZ. Observ:ttions were made in an area approximately 

1 km. long by 1/4 km. wide, or 1/2 of 1% of the entire target area •. Special note was made 

of the ordnance effectiveness, defoliation effectiveness, fuel composition and fire behavior. 

ORDNANCE: 

Delivery patteiT. wu approximately as predicted. The pattern was planned to give an 

average spacing of 71. 1 ft. between incendiaries within a strip extending 271 ft. on each side 

of each centerline, and an average spadng of 102. 2 ft. in the intervening 158 ft. between ad­

jacent centerline strips. The actual pattern was somewhat tighter than this with average 

spadngs of 50-60 ft. alvng the centerline and about 120-130 ft. at the extreme edge of the 

pattern. The distance between adjacent centerllnes could not be determined accurately, nor 

could the relative area receiving heavy and light concentrations. Our impression was th~tt 

about half the area received heavy (50 ft. spa.:ing) and the other half light (120 ft. spacing) 

rather than the 2:1 ratio predicted. 

The dispersal of incendiary material from the tail of tia: canister varied from 2 to 20ft. 

d~pending on the angle of penetration of the canister into the ground. No duds were found. 

However, many (perhaps 20%) boinblets were prematurely arti\·ated ~· contac-t \\1th tree 

hram:hcs IX'forc reaching the ground, and thennite eje-cta ._ !~up to 50 ft. from these 

homhlct casings. Such premature activation would- ......... • ....... ,. fire providing that 

the Uqu.id material would also reach the ground tx-fono bmW-. .; ... c.. ~ of t~ highl~· fire 

resistant nature o( the ground fuels at the time oft~ .are...~ a• ("e'tald ... determine wht..•thl'r 

rn:Jtcri;a) oth~·r than lhcrmite had t•omc down hot. 
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F nnn thcrmitc cjt'l'la found remote from bomblet casings in the swamp where contact 

\d ~ h t rC'es was impossi hlc, it was e\ident that some additional bomblcts had al~o activated 

prC'maturC'ly, pr•1hahly at tile time of the main M-30 canister opening. Thesc ~houlci I><· l·on­

sidercd as duds since ejected material would bum out in the 5000 ft. free fall after canister 

ope-ning. 

Except in the swamp, bomblets dld not bury themselves deeper than 2/3 the length of the 

casing, even though the ground in the forest was quite moist and soft. In the swamp, bomb­

lets often buried themselves completely. But in all cases where bomblets were located, tail 

ejection had been sufficiently forceful to eject incendiary material at least a foot or two be­

yond the impact crater. 

In summary, the M-74 munition in the M-35 cluster mode, dropped with a 5000 ft. fuse 

altitude is an acceptable and effective ordnance for forest ignition. 

DEFOLIATION 

Measured by color change, the double sprayings one month apart were extraordinarily 

effective in desiccating heavy triple canopy. The final spray with contact desiccant produces 

no color change, and since the weather precluded moisture measurements or meaningful fire 

behavior observations, no evaluaUon of the effectiveness of contact desiccants on this opera­

tion is possible. 

The overstory was almost completely killed and about 80% of the leaves had fallen. The 

middle canopy was 80'1 dead and had lost 15-25% of its leaves. The 20'1 of green material 

remaining in the middle canopy appeared to be a result of species susceptibility rather than 

spray penetration. The understory was about half dead- haU green with clear e\'tdcnce of 

hoth species susceptibility and differential &Jiray penetraUon. Nearly SO% of the bamboo type 

spcdes were green, about 1/2 of the low palmetto types appeared dead, and nearly all broad­

leaved vines and shrubs were killed. 

FCEL C0~1 PaiiTION: 

Fuels in the surveyed area of Target C were heavy by Vietnamese standards. Total avail­

able fuels were estimated at 35-40 tons per aere. The understory vegetation averaged ::.bout 

1.-. ft. in height and t.'<m~isted of a mixture of palmetto types, bamboo types. broadlt:'~wcd 

v1nes ancl tree .st•c(fiin~s. The middle canopy averaged :S0-50 ft. in height and l'onsisll•d :tlmo~l 



~ttiltt I 

t' ~1t i rcl.' "f hrnadlC'an~·rl tree SJ>('dcs, mostly suppress<'d or shad<' tolerant l.\1>(·~ ,., it h 1a r~<·, 

t~1L·k lc:l\TS. The upper c:mnp\ was 80-1:.!0 ft. hi~h •. Sinec most of the uppc1· l':tnnp~ \\:1s de­

fn]i:1tcd, SJX"'des identification \\·as difficult. Jud~ng from the leaf litter on the J!;rnund, th(' 

pn'domin:mt species harl small, thin leaves similar to ash or poplar. 

ThC' litter la~·er a\·eragcd :1/-l inch to 1-1/2 inches in d<'pth. About :!/:~ of thC' litter ap­

pca red to ha\'C' come from the defoliated upper canopy. Horizontal distribution of liLtcr was 

uniform. There were no barriers to fire spread with the exception of puddles of standin~ 

watC'r in areas of poorest drainage. 

Vertical continuity was also good. Although the vines and suppressed seedlings a]one dicl 

not have sufficient fine fuels to carry fire into the middle story crowns, about 1/-1 of the for­

ested area had sufficient additional fuel in dead brush and bamboo types to initiate C'rowning in 

the middle canopy. 

FffiE BEHAVIOR: 

Essentially nil. Free burning spread outside the immediate vicinity of incendiary sets 

was confined to OJX'n grassy areas of good drainage such as the Dong Bo ahand<mcd landing 

strip, and the road banks on highway 323. In t.-. area surveyed by the evaluation team, It 

was a rare fire that spread more than 2 feet from the parent ignition source, and many spread 

onl.v a few inches. The only fires still burning on Thursday morning were in dead stumps, 

snags, and limb crotches where dry wood had ix'cn sheltered from the rain. 1n no ohl"<'rV('d 

instance was aerial vegetation ignited by fire in ground fuels. Fires in standin~ trt~<'s had 

evidently started from direct contact with incendiary material. 

These observations indicate that Utter fuels were at or above their fiber saturation mois­

ture content at the time of the strike (1410-1450 Jan. 18). Either rain had fallen in the morn­

ing of the 1 ~th, or drying conditions were insufficient to remove the water absorbed from dew 

or ground fog during the night. 

In :lummary, Target C was just too wet to burn on the afternoon of Jan. t·;. 

Craig Chandler 

U.S. ForcstSt.·t·vk~· 
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APPENDIX D-B 

Post Strike Evaluation Report PINK ROSE Target Area A 
29 January, 1967 
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OPERATION Plr..X ROSE 
. ·~ . : 

Post Strike E\'aluation of Target A 

F1·nm 10::0 to 12:lO on Sunda~·, January 29, 1967. a post strike evaluation was made of the 

effects of the Jan. 28 incendiary raid on Target A. Landing could not be effected in either of 

the two potential LZ sites due to intense ground fi·.re and the lead pilots estimate that both 

sites were boob~·-trapped. Consequently, evalua.tion "-as limited to low leve1 aerial sweeps 

over the target. No information was obtainahle Oft ordlunce effectiveness, but special note 

was made of ~foliation effectiveness, r .. l compwi~ 2Dd fire bebavior. 

DEFOLIATION: 

Measured by color change, 

douhle spra)ing. Ten percent of the area had 11p to !S( poeen le~ves mixed with the bro·wn, 

and :W% of the area had from 25-SO'l green leaves. Tbr "p-eener" areas were all in locations 

\\ith double canopy, and were concentrated in fairly large blocks of 2-5000 acres. Not all 

double canopy showed green; in fact, most double canopy appeared completely dead at all 

levels. Riparian sites with palm type understories seemed exceptionally susceptible to chem­

ical treatment. 

In summary, desiccation efforts on Target A were effective, so far as could be deter­

mined from aerial inspection. 

FCEL CO!\tPOSITION: 

Fuels in Target A were slightly Ughter than the average for Vietnarl'. Estimated weights 

of potentially available fuel were 4-5 tons per acre In the grassy clearings, 10-15 tons per 

acre in single canopy sites, and 20-25 tons per acre In double canopy sites. (It should be 

not eo that aerial estlmate9 of fuel weight are not too reliable.) 

Species composition could not be dctennined from th~ air, except for the fact that palm 

t qx.' understories were confined to stream bank and marshy sites. Overstory composition 

was probahl~· different between single and double canopy sites, since trees on single canopy 

sill'S had lost virtually all of their leaves, while upper story trees on dnuhle canop~· sites 

r• ·1 ;u ned :tppn·ciablc fo1ia~c, prohah1y more than half. 
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5'GRET.,. 
lHt .: ..:.. ·: ... / ~ ... -~ .! _;" i ;-. ~ .• 

\.l'l"t h·;l] l·nnt i Pl:it-..· could llPt he readily deten1lincd, hut ·appeared to he adequate to sup-

;···~·t lTil\\n fircs in most double canopy sites. Crown fires couldnothecxpcctcdinsingle 

\ :<;~··;n sites bt'c:.!.usc of the excessh·e loss of crown foliage. 

In summnr~·, nt least one third of the area had sufficient fuel, brown ani arranged so 

that, from close aerial inspection, it should have supported crown fires. 

FffiE BEHAVIOR: 

Only in the grassy clearings did flres spread well. Flame heights in the clearings 

rcached 10-15 feet. Chemical tr£~atment had no apparent effect on these clearing fires which 

hu rned identically to "farmer'' burns of similar clearings in untreated areas under similar 

weather conditions. 

Many downed logs and :-nags burned f~.st, hot, and completely, leaving residues of white 

ash (a sign of good environmental conditions). Even the trunks of some trees uprooted by the 

December, 1966 B-52 strike burned to white ash, showing a higher rate of drying in heavy 

fuels than anticipated. 

Under single canopy, fires spread in ground litter for about 15 feet on each side of the 

incendiary set before dying out. Under double canopy, ground litter fires spread only about 

fi feet on either side of the parent ignition source. 

Approximately 751, of the area in clearings burned over, \\bile only about !}-12~ of the 

ground area under single canopy and about 3-5% of the ground area under double canopy 

burned. The extent to which these fires removed underbnash could not be determined from 

the air. Crown canopy removal was definitely negligible. 

The incendiary strike on Target A can be considered as a definitive test of the operational 

feasibility of removing crown cover by fir~ in VIetnamese forests. The target was selected 

as being better than average in vertical co:>ntinuity. The area was double sprayed with herbi­

t·idt•s \\ith visually satisfactory results. The weather was as 11early optimum f'>r burning as 

f.·an he rca:.;onahly expected In Vietnam. Incendiary spacing was adequate to produce rcin­

fqrdn~ fires. But even under this favorable combination of clt>cumstanccs, It was impos­

:-:iJ,J<· to reduce the overall fuel moisture content sufficiently to produce a cro\\11 fin.•. 

Craig Chandler 

U. s. Forest Service 
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This note constitutes a prellminary and informal summary of tbe results of the two 

PINK ROSE tests so far conducted under ARPA Project EMOTE, and discusses the advisa­

bility of continuing with the projected third and ftnal t.aat. Although the opinions expressed 

here are mine, I have had the benefit cd extensive conversations with Colonel C. E. Hammett 

(MACSA), Lt. Colonel K. A. Davidson (7° AF), Major H. M. Rosenthal (ARPA-RD.FU-V), 

and Messrs. C. Chandler and Hirsch (US Forest Service). 

2. Background 

As shown in Table 1 below, there have been altogether four attempts to producf! 

large-scale fires in the Jungle areas of South Vietnam. 
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T:\BLE 1. INCENDIARY OPERATIONS IN SOUTH VIETNAM 

~ation Ordnance 

Area Diesel on Napalm fM-35 

~ ~ Province Target ~ ~ fA/C (Metric T) (Metric T) Clu8ters 

SHERWOOD Bot Lot 8 B57 
FOREST 31. m. 65 Tay Ninh Woods XT5035 154 29 AlE 96 2.0 64 

24 C123 
Cbu Pong 

HOT TIP 11. m. 66 Pleiku Mountain YA8900 14 13 B52 - 0.25 255 

PINK· Long War ZoneD 
R~E I 18. L 67 Khanh (Target C) YT3744 49 30 B52 1260 

PINK War Zone C 
ROSED 28. L 67 Tay Ntnh (Target A) XT5580 49 30 B52 1260 

----~-----------------------------~---------------------~ 
Pl~'K War Zone C 
ROSE m 20. D-E7? Tay Njnh (Target B) XT1178 ri 30 B52 12ft() 

Based on the infonnation gained from SHERWOOD FOREST and HOT TIP, an attempt was 

made to de-sign the PINK RaiE series to optimize deCollation and choice of weather conditions. 

A('l'orctingly, three areas (Targets A, B & C) 7x7 km were defollated during fall 1966. Tar­

~cts C and A were struck In January, with each of 30 B-52's dropping 42 M-35 incendiary 

duster bombs fuzed to scatter their 57 M-74 incendiaries at ""'lkm altitude. Each M-74 in­

cendiary consists of a nose-fuzed thermlte stick surrounded by a cylinder ci>ntaining 1. 25kg 

of PTl jellied hydroc-arbon which is ejected rearward Into a band perhaps 0. 5m wide and 

- :~m ]on~. depending on angle d. incidence. With the seeding density of tnccndiarles used, 

a regular distribution on a square lattice would have yielded a spacing of 26m between igni-

tion J>Oints. 

Meteorological l'onditions for the tests are given in Table 2. 
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T .-\BLE 2. METEOROLOGiCAL TEST CO!\l>ITIO~S 

#Days Temp RH WI~"D CLOL'D 
··, Tim<· Since Rain .Ln. .Gl _@.. Cover -- ( 

•.'\ 'D 
Ft. -~ .~~ ·r 1600 0 74 72 2 10/10 

1 i(~;T 1'"1 P 1-!00 9 94 45 10 2/10 

PI\i' ~CSE I 1400 15 84 65 0 ·o11o 
(w. mist) 

PI \'"K HCSE II 1400 5 92 52 0 2/10 

., PrinciJ2al Technical Results ,,. 

The results of the four tests are summarized in Table 3. 

TABLE 3. INCE~'DIARY TEST RESULTS 

Guesstimated % Burned 

Cloud Post Forest Expls/ 
T<'~t Smoke Rise (km) m ~. Grassland Floor Crown Fire~ 

SlfEH\VOOD 
FOi1EST den~c 2.5 aerial 5 <1 <1 >5 

if()T TIP v dense G.5 aerial DNA 30 17 ? 

PI~:;-~ HOSE I dense 1. 5 good ground 50 2 0 >3 

PI ~<F. l~< !SF. ll v dense 3.0 poor aerial 75 10 <1 >15 

From the meteorological conditions alone --particularly the number of contiguous 

p~·i·.~· ,!:i'. ~~ v.ithout rain-- it is clear in retrospect that only HOT TIP and PINK ROSE U had 

( .... ,·n :t n:mote chan<'e of producing extensive burning. In fact, ground follow-up the day after 

P! .· .!< :·:( ;~.;E I found the ~round actually muddy in some places. Messrs Chandler and fUrst:h 

• ; :: • 1 :-; f,rcst Scrvivc attribute the relative excellence of HOT TIP, especially the crown 

:. : ~ · :: ,., ; :: :ll·il y to th(.' rnou nta.i nous terrain. That for(l!st fires burn more fiercely on uphill 

: . ;!n::-.umably tlue to a combination of better heat transfer ahead of the fire, favor:\hlt.' 

.. · ·: d ~~T!':ltcr dr:.-ru·ss resulting from good draina~c. 
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In the ab~cnl'C'of adequate groundpost-reconnaissance, se\·craJ in<lirl·t·t f:·~·t()r·..; must 

h<.' u~<'d to an·i\·c at an estimate of the extent of burn. The height of cloud list·. <·nuph:d \dlh 

information on the local temperature structure of the atmosphere provides an e!'\tim:tlc of tht· 

tllLtl heat liiX'r3lC'rl. Aerial photography is useful in estimating the extent of grassland ancl 

crnwn ·nrc~, hut docs not ~icld information on the understory burn when the <·anopy is nnaf­

fcl'tC'd. 

The intent of the m measurements is to determine the spreading rate of the undcr­

sto~' fires and to follow the persistence of hot spots, both of "·hich yield infor:nalion on the 

fuel condition and fire intensity. Unfortunately tbe only successful m measurem~nts were 

those on PINK ROSE I, for which there was very aUght (-15cm) spreading about the ignition 

points. 

It is vtrtuall.) Impossible w convert visual observations on the smoke into anything 

ouaf1th~ve. 'While some fuels give smokes having characteristic colors, the rolor of wood 

smoke apparently tk-IJ('nds to a considerable extent upon both particle size and mnisturc con-

tenl.. 

The Forc~t Service represcntatJves have p1·ovtded the estimates gJvf"'n in Tablt.' 4 

for vegetation amount& Jn the several types ol South Vietnam jungles. 

T .ADLE 4. TYPICAL FUEL DISTRIBUTIONS IN SOUTII VIETNAM JU ~G J.ES 

Understory Fuels (lk•1uw :Jn_,;.,r.) ___ _ 

Grass lr Leaf Utter Leaves Twig~< ll'm Dja. 

,Jungl~ h])£ nrv Wt• ~1· Water @%Water Dn· Wt• ~' '~; Wat<.•r 

Grassland 10-12 @ 8-11 - - - .. - - - - - - -DNA- - - - - ~ - - - - - - -

Sjnglc C:tnopy 7 ~ 9-12 4. 5 @ 8-11 5 (n. 40-:iO 

0.5 @J2Q-150 15 ~n2o-1:;o 

Dou~Jc Canopy 10 ~10-13 10 @ 9-12 6 fcl 40-!)0 

2 @120-150 20 (• rt :!O-t ;;o 

T riplc Can,)py 1!'; (at2-15 15 (~ 11-14 ts \It -&0-;)C) 

15 «l'l20-150 2:! i• [ 1 :!0-1 .)() 

•\lct.J'ic t..·ns per hectare (1 hectare 
•) = 0. 01 km ... = 2. 47 acre) 
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...SECRET .. 

·t. Th<'ot·ctical Orient at ion 

In onlt'r to estimate the conditions req\lired for effective jungle burnin~ and to as­

='-t.'~=' whether nur test conditions are anywhere close to these, we here examine Lh(' v~u·ious 

~nun.:._•s and sinJ.;s of heat energy for tt.e burning process. A convenient unit of energ~· in 

which to ~xprcss the -.·arious heat quantities is the Solar Minute (Sl\1), i.e. , the radiant energy 

rc(·eivcd from the sun per minute per unit area (at the equatorial zenith). The ma~niturlc of 

the SM unit is o. 8xto16 erg per hectare, or 0. 2 tons HE equivalent per hect:1rc. 

Sir.ce the energy liberated by burning (dry) wood to completion ts approximately 4 

times that from the explosion of an equivalent weight of HE, we may express the amount of 

heat released Q per hectare in tenns of the dry weight W (tons/hectare) ol ru~l burned as* 

Q = 20 W (SM). (1) 

If the fuel contains water Jn weight-fractioe f. tJ.e llraa lllft3tmnl ~ ~ .... ,.,. to vapori1.e 

the water would be 

Q = 3. 0 Wf (SM). 
v 

(2) 

Since the wood won't burn at the boiling pol.- of water (l00°C) we must lnveAt enough :tddi­

tional heat Q to bring the fuel to the Ignition point, which I estimate to be 300°C. This ad­
p 

ditional heat investment is 

Q = 1.0 W (SM). 
p 

(3) 

Finally we n~d to include the heat of combustion q (per hectare) of the incencUary ordnance 

itself. 

Combining the heat generated by the bun.ang vegetation and ordnance fuel, and as­

si~nJng a heat transfer efficiency "1 for the process ol drying out and bringing the vegetation 

ahead of the fire to the Jgn!tJon point, the excess heat !a simply 

excess heat -:- [ "1 (20 + q/W) - (3. or + 1. 0) ] w. (4) 

• l'ar·cnth<'tieully, one mJght well ask why a forest fire has so mt: · -nore d!'struc-tivc effect 
th:tn say :!0 W minutes· of sunshine. The reason ls that the heat l.t. the fire at the hurn.ifl~ 
t r'Jr1t is hrcatiy con<'t•ntrated in both space and time, leading to a temperature hj~h t>nnu~h tn 
p ,-,,p:tj.!;:J tc. 

IU 
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.-\ bq.:,e positive CXC.'<'SS heat shuuld lead to good humin:::, while a small ot· rwgativc 

\':\n·:-;s will ~h·<' \"cry littlc area humed outside that actually splattered hs th<.• ordnance• fuel. 

., 
Forth(' 7:!, 000 M-74 in<.'~ndiarics in the 49 km- o( Pl~"K ROSE I or Jl, the heat con-

t t·ihution q of the ordnance is readil~· calculah."CC to be 

q = 0. 9 (S!\f). 

Since to represent a significant burn W must he gre~ter than - 1 (metric ton/het·t:r:e), q/\\' i~ 

n('gli~bly small in comparison with the additivt~ 20 in Eq. (4). 

The heat tr2ll'.sfer efficiency "1 is very hard to estimate, since It depend.H scnsttimy 

upon the geometry of the fuel (e. g. , logs lying In contact with Under arc .more ea~ily igni~ 

However, we rna~· tum the question around by estimating what value of the heat tran~fl"r f'fli­

ciency would be necessary to give zero excess heat, and see If that value appear~ frasible nf 

achit•vement. Setting ttte excess heat in the above equation equal to zero and Mlving for the 

efficiency, we obtain 

"1 = (3. Of + 1. 0)/20 = 0.151 + o.os. (6) 

Thus, for a moisture content f = t.l "-e. • 1 0',:(,), '1- 7%; while for f = 1. U '7 ..... 20'~. 

Weknowfrom tile existeace ~ f.orest OresinwesternUS that the efficiencies- 5-tO':t 

. predicted by Eq. (fi) to be requlftd for burning dry dense vegetation containing nnly 10-20'7. 

moisture are indeed achievable. Even greater eCCfciencies are possible on mountaJn ~lnpc~ 

undr.r favorable mcteorolugJcal and geometrical conditions. But the likelihood of achicvirg 

an~thing approaching the ~ssary 20% or greater efficiency In the Oat, mof~t jungles of 

South Vietnam aecma very small. 

It should hr ~phasized that the abov~ calculation Is for orientation purposes cmly, 

and ~losst's 0\"«"r ·.-fa important points as the fuel distribuUon, the variable moisture content, 

the poor conta&1 of the understory fuels with the suanding trees and canopy, and the critit~al 

qu<'stion of the- r.tLc ~ ~ burning process as opposed to the thermodynamic admissibility, 

whi•·h is all this calculation addrep:;e·J. 
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.). Out standi n;; Technical Questions 
.. • ( i;., .~ j 

\Vit h t hC' possihlC' a\·ailahility of one last test of the PI!'."'K ROSE scriC'~, we may ask 

\\ h:1t tf'chnical quc~tions remain unanswered and wiat test parameters mi~ht be altered to 

m:lkt.' operational cffecti\•cness more likely. 

a) Meteorol~y - Several days, perhaps preferably even two weeks, of dry hot 

wC'ather should precede the test. In m CTZ the weather for late February or early l\larch is 

prohahly as good for tiis purpose as we are likely to get. 

b) 1·1me of _Day -In examining whether 1400 hours is the best delivery time we con­

sidered the PQSsihility that tbe late-afternoon beginning of the nocturnallnv~rsion might en­

hance the fire b_\· hoi4Jic tllr Ileal <-loser to the p-ound. Jlowrver, prevailing opinion, based 

upon the ~n~cw ~t ~ 6res ~ llppftdabl~ Ill ~. Ia that any such inversion 

cnhanl~ement •-ould lw tnGr. ..:.. ~ ~ ..,_ * ~ ..,._.re absorbed as the after­

noon temperatu~ *dl-.. 

c) Ordnance Denslt)· -Ye'ldJeo M .. deu :..._ * calcalaUon of the previous section 

that a trcme'Minus tncreue in ordnalk-e • • tlh 'tiGUcl be required to make any substantial 

contribution to the overall heat liberated, an lncrease ~ \he density of Ignition points might 

t.·ausc the ignited areas to nm together and, through the mutual reinforcement resulting from 

the quicker burn, promote more effident heat-transfer and drying of the overstory fuels. 

d) Ordnance Delivery Sequence - The observation that smoking wood fires can, 

under certain conditions, be made to burst Into names by appUcaUon of a match to the smoke 

leads to the question whether it might prove effective to withold some of the Incendiaries, 

dropping them into the smoking regions perhaps 20 minutes alter the i!l"£t seeding. Our con­

l'C'n~us is that this probably wouldn't cause any reduction In total burn, and might increase it. 

C') EffC'ct of Terrain - While there ls little doubt that SHERWOOD FOREST and 

PI !\"K ROSE I were not even close to being marginally successful, the firing c1f Target B under 

''cathcr conditions similar to thosC' of HOT TIP would permit a comparison of flatland vs 

mountain jun~lc burning. 

ln summary, while there are some technical questions that the firin~ nf Taq.~l'l n 
rni~ht ht:lp answer, it cannot he argued at this stage that these amn;ers arc likdy tn holcl any 
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P~"' 1 mi~c fo:· the d(.·,·clopmcnt of an operationally effective method of jungJc hu rnin~ in South 

\·ictnam. A~:tinst tttis pessimistic \iew we might note, however, that thcst.• operations have 

hl'(~n quite' ~uc<.·cs~fu 1 in burning elephant grass and even in burning a substantial portion of the 

j\lll~lc in the mountainous Chu Pong HOT TIP test. 

f.. AndllarY ~tilitarv Effects 

In our disappointment over not being able to produce on call a spectacular jungle 

firestorm there is fianger of overlooking the not inconsiderable military effects (cf. Table 3) 

wtti ch these incendiary raids have produced, effects which may rival tbose of the average B-52 

bombing attack. The most significant military factors _appear to be the following. 

a) Secondaries - If several hot, dry days have preceded the strike, the junglefloor 

leaf litter and understory fuels should be dry enough to cause appreciable spread of fires from 

the ignition points. Under these circumstances it appears likely that inflammable surface 

structures and materiel would be ignited end damaged If not destroyed. Indeed, numerous 

secondaries have been observed. While such materiel is also wlnerable to GP bombs, we 

note tha! the area covered In PINK ROSE I or II, 49 km 2, Js per aircraft - 5 times that of the 

standard B-52 strike. 

b) Smoke - While the smoke generated, even in the poor PINK ROSE I event, ap­

peared very dense, experienced forest firefighters believe that trained personnel would have 

no difftculty surviving. Untrained personnel, on the other hand, might pa:u.c and he overcome 

or even humed. It is not known whether the hostile rifle fire encountered by the ):-v$t-recon­

n:tissan(·e hcUcopterpartyon attempting to land in the PINK RQ;E D LZ came from tJurvivors 

or from outside enemy reconnaissance units. 

c) Psychological - There may be a pRychological factor in adding Incendiaries to 

:.11 the other weapons systems the enemy has to suffer. He mja;~t well ask himself: "Good 

grief! What next?" The psychological effect would, of course, be greater Jf some of the 

f•rwm\ were actually kJlled or injured, which stresses the importance of tl")ing to get some 

ft~dhack from ('aptivcs or Chieu Hofs who may have experie~aced or witnessed these events. 

On(• rumor we haven't been ahle to pin down has it that some 200 VC were killed by flrl' on 

CL:1 Pnn~ ~Jqu~ta.in, rcprl~st~ntin~ about tO% of tile total enemy strength believed to be lol·at<.'d 

ttw n·--rough]y the same percentage as the area burned. 
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•. Cnndusinns and RcC'ommcndations 

a) \Vc for<'RCC no real prospect of deridng a practical method of achieving jungle 

hurnin~ of military l'onsequence in South Vietnam, at least in the humid flatlands. 

b) In the drier, higher plateaus and mountains, jungle burning might be made ef­

fl·l'tiYc under ideal weath~r conditions which, however, would seriously restrict the season 

and operational flexibility. 

c) Even in the flatlands the elephant grasslands have been demoruttrated to burn 

efficiently. 

d) The favonble combination of high, dry and defoliated mountainous terrain in the 

western DMZ and panhandle might make 1t worthwhile to consider burning as an aid in imped­

ing infiltration and in clearlr.g for better observation. 

e) We have examined the possibility of substituting for Target B i;1 PINK ROSE m 
some other area of military importanoo that Is both mountainous and already defoliated, but 

have found no such area in South Vietnam for which there Is likelihood of suitably hot and dry 

W<·ather in the next few month&. 

With respect to the advisability of firing PINK RaiE min the Target B area, 

1) While there are some interesting technical data (e. g. , the extent of hurn, size 

of l wigs burned, rate of spread, etc.) which PINK ROSE m would help nail down, we cannot 

argue that the8e da~a are critical to our undersbnd1ng. 

U) Nevertheless, upon adding to the desired technical data the not inconsiderable 

potential ancillary mflitary effecte, I am moved to recommend proceeding with PINK ROSE m, 
provided this docs not interfere seriously with other demands for the :S-52 resources. 

iii) Assuming that the decision is reached to stage PINK ROSE DI, I concur in the 

J'ccom mcndatior. of the 7° AF to reduce the area to one-third of the originally planned 7x7 km 

ta n,?;d, without reducing the number of aircraft, in order to increase the d£'nsity of ignition 

pt;ints. 

iv) I concur also in the firing date of 20 Fl•bruary nrmlinated by comhincd ARPA/7° 

.\ F PI ~·;K H< )SE PLuming Group, s•Jhjcct, of course, to continuing fair weather. 
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v) F im&.ll~·, it i~ C'sscntial to have detailed post-ground reconnaissance ii we arc to 

nht a..i n the tC't·hnical data dcsi red. 

W. G. McMillan 

12. D. 67 
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- · -·-- --- -------------------------Fl~LL TR,\NSLA TJC)N-------------------------------
• • • .I .•-

•- .• l• ·--•• I 

_.·.-,;-: ;·:-::~\ :-\.\:\1 no Lli:ER:~TJO~ ARl\-IY 
\ • - \ 1\ - -

·.· ·, ::!i·::'\ _:n,\ RIA A:'\D tHE~~ HO~/ PROVINCE UNIT No. :JO/TB 

CIRCULAR 

c )n 17 and :!~ J;umar~ 1 !Fi7, the enem~· B!'i2 bombers dropped incendiar.r bombs in tht• vi­
,·: ::1i \ •Jf war zone D to set fire to the forests in Su~i' &ng area. 

This type of bnmbwas rontained in boxes of 32 each. The bomb, itself resembles the con­
: .!i ::l·r of a 57mm recoilless rifle shell. When dropped, the boxes opened and released the 
holm',~. Some pierced the soil as deep as 30cm, some lay sideways on the surface nf the 
·...:!·· .und. The homhs exploded and set fire to the forest. The phosphorous burned for about f;Q 

St.'l"llnd~, igniting tree leaves, especially dry tree leave~, because prfor to the oomhing the 
enemy sprayed defoHants on the target areas. 

At first the bombs produced white smoke which turned black alter the forestA caught fire. 
S•m1e small bombs did not explode until five minutes after they came into contact with the grounc.l. 

Thcs.c bombs will cau3e innignificant casualties but some bums and damage to equipment 
(if p:('t:autionary measures are not taken). 

Precautionary Measures 

- ThC' area around trenches must be clear of dry tree leaves for 1 to 2 meters (uncovered 
t rc·nchcs must he enmouflaged with green tree branches). 

- Trenches must be provided with covers.. In the trenches there must he cans of lnooc 
d..i l1, sancf or ash t.o put out the fire (If the fire spreads into the trenches) or cloth mats, gunny 
~:wks, de ••. may he used(betterwhen soaked in water) to coverthe entrances of the trcnch<.•s. 

- Dn:·umcnts, e<juipmcnt, food and other items must be properly kept in trenches pro­
·;i ,J, d ''it h covers. 

r· pnn r<'ccipt of this ci n·ular various addresseeo will expeditiously disseminate it to take 
pn·· :n;tinn~ry measures in time to foil the enemy attempt and preserve our forceA. 

T nH' copy No. 
Di·-t niHltinn: 

1 l \·J~l.l:..:;C', agC'ncies, urtitl'l, Di~hict Party 
<"·,t:::~littt·e Securit~· S('l'tion and District Unit. 

1 ~I '-J . I r r-f1 1 ! ) f i 7 
;·.,r: h·· J)i~>trict Unit Hc~dquarters clerk. 

' ">:' '.11~<11 IIOA~G. 

IS/ 9 Milrch 1967 
t'or the Provtn<.·e t:nit 
Headqu_arttrs Chic~ of Staff, 
/S/ HA VAN THt:AN . 

---------··----·----------------END OF TRANSLATION-------------------------------
KIN 

1 ;;. .!:wnt c:tptur<•d :!7 M:trch 191)7, ];} km. NE of Vun~ Tau.) 
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Policy on the Redistribution of OTIC-Supplied Information 

As a condition for obtaining OTIC services, all information received from OTIC 
that is not clearly marked for public release will be used only to bid or perform 
work under a U.S. Government contract or grant or for purposes specifically 
authorized by the U.S. Government agency that is sponsoring access. Further, 
the information will not be published for profit or in any manner offered for sale. 

Non-compliance may result in termination of access and a requirement to 
return all information obtained from OTIC. 

NOTICE 

We are pleased to supply this document in response to your request. 
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S~MMAR~··. ~ 
This report is lim1~ed essent1ally to an anal~s of climatol~tcal, 

and meteorological d_ata.rt!lated to Operation Pink Rose·, conducted in 

early 1967. 

A great deal of·infonnation is re~dily available on the general 

climate of S9utheast Asia~ particularly the southwest monsoon season 

and the synoptic causes of it. We were m6re interested in·the dry-· 

·season (October-April) climate coiTitlonly referred to as the northeast 

monsoon. Littie information on t,his subject is available in analyzed 

fonn although a great deal of raw meteorologi-cal data. are becoming 

available prim~ril.v due to the increased political activity in the area. 

The Siberian High domin.ates the Southeast Asian climate .. The· 

seasona 1 north-south movement of. the I nte~tropi ~a 1 Convergence Zo.ne (I CZ) 

controls large scale flow regimes. Together, the Siberian High and the 

ICZ are respon~ible for the wet and dry seasons and their intennediate 

transition periods. The southwest monsoon season is much too wet to 

conduct burning experiments in nearly all of Southeast Asia. The dry 
. . 

season is interrupted often with convectively produced sho~er activity~ 

but at times limited burni!lg ope_rations may be .conducted. 

Tables of statistical probabilities (see Appendix 4) have been 

calculated to aid in planning burning operaticns. In.two attempts to 

·arrive at meani~gf~l probabilities. we have succeeded in ·bracketing what 

we feel are important para~eters in conducting burning operations. 

·The factors most critical to successful burning are the condition 

and arrangement of fuel and the environment \"lithin which it must burn. 

-2-
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Sufficient.·drying after specifi-ed ainounts of rain will produ·ce burnable 

·fuels. Th~ p~oper. environment is on~ in· which air temperatures are 

high and .relative h.umi~iti:es are low~ ·The itmospheric lapse .rate should 

b"e unstabfe such that a fire-produced convect.ion column can r~adi ly form 

·to neights ·or 30~000 feet or mor~·._ Such an atmosphere ·;s difficult but 

not ·impossible to come by. in Southeast Asia, specifically So.uth Vietnam. 

·Perhaps~ -e~ually diffi_cult is fuel co~ditioning in an e~vironmcnt not 

particularly ·sui~ed to drying. It has long been recognized that wind is 

a major .ta:ctor .in evaportttion and drying. Dense tropical growth rna~ 

have su-fficien-t wind_·velocitiec: ove·r the canopy to jdequately dry crown 

fu.els; but flow iS light ·near the g!"OUr'ld·_ and low-growth fuels and, SUb­

sequently, drying is· poor.even though temperatures are- qu.ite wa.rm. 

Meteorological aspects of thre- burning experimerits are discussed 

in some detail. The··first experiment was a failure due primarily .to 

poor fue 1 condft i oni ng. · The. second and third exp.eriments were moderate·l y 

successful. 

c 
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THE SYNOPTIC SOUTHEAST ASIA 
,~.: ... •.···.. . .. 

·::~~::.:..- .. ·. >~~Ttie. climate of Southeast Asia· is dominated by the semi -pennanent · 
.·>+~:<= .··. . . .:· ·: . :. . ': .. :-. . . .. 

· Siber·ian .High an.d contro"lled· by the seasonal migration of the Inter­

·:tropica·l Convergence ione· {IC~). Tw" primary flow systems _in the lower 

· tropos_phere, the ~outhwest monsoon _and the northeast monsoon,. together 

with the transition periods ·between them are .responsible for· a wet 

. ~ ; : . seas·on and a dry season .. 

. · ·. . ~ORT-HEAST AND SOUTHWEST MONSOON 
. . ~ 

The fundamental c~use of the Indo-Asiatic mor.soon wind system is 

··· · -~~-fferential heating (or ~o6ling) of land areas, as compared with sur­

·::·.rounding ocean regions. ln winter, with the deficit of solar radiation 
·\.~. ~ 

:_:::i.n north~rn latitudes, the land surfaces and the overlying air become 
··.-·~-:~ .. •· , " .• . . . 

. ·. ··:.·c:9lde.r than the sea surface temperatures over the surrounding Pacific· 
·.-:.= .. '!: .. 

~. a.nd Indian Oceans. This tropospheric temperature difference aids in. 

·-the fonnation of the large, cold serni-pennanent Siberian high pressure 

area ·which.t;overs all" of the Asi.an mainland. The clockwise low-level 

.. flow of air around th{s· higti pressure area results in a general north­

east wind regime (no.rtheast m:>nsoon) over Southeast Asia . 
. . 

During the· surrmer per_iod the Asian continent is warmer than the 

surrounding ocea11s. _The resu l_tant temperature di ffererice aids in fonni ng 

. i. large:, semi-pennanent lew pressure area over northern Southeas~· Asia 

and south of· the.Tibetan Plateau. The counter-clockwise circulation 

around t_his low pre~sure system results in southwest winds over much 

. ·of Southeast ·Asia. These ~{nds are known as the southwest monsoon. 
. . 

The transition from the sou.thwe.st monsoon ·to the northeast monsoon 
. . ~ 

takes place, at the earliest, around the latter part of September. 

Unfortunately, onset dates of the northeast monsoon have ~ot been 

~4-
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established for individual years.·-. -· · . s--== 
The northeast !IIOnsoon. ~eriod (October- pr11) ·;s generally 

characterized by long rainless periods interspersed with relatively 

short rafny periods . .For example,. duri.ng·January and Februa.ry the 

majority of weather stati'ons in Southeast Asi.a ha.ve or.,y, on the 

average, 1-5 days with rain above a trace. However, the topography 

of ·the ~rea has an important effect on the spatial r~infall patterns 

with certain local coastal areas·receivin~ significant amounts of 

rainfall during the normally dry period. 

During winter, surges of the monsoon alternate with lull~ .. Surges 

of the northeast monsoon.ar~ associated with deepening cyclones within 

the strongly frontogenetic China and Japan seas. Cyclogenesis 
. . 

accelerates _the northerly flow west .of th.e cyclone center and causes 

a "surge'·.· A~ t~e cyclone passes away to the east.! the ~onsoon grad­

ually weakens until the next depression develops~ A monsoon surge 

reaches the tropi~s· as an east-northeast wind and, as the colder air 

mo\es acros~ the much warmer seas, convection clouds rapidly fom. 

Precipitation may result, especially along exposed coastal regions ~f 

Southeast Asia (e.g ~ north-central coast of Vietnam)·. 

Lulls between surges occur when the continental anticyclone, or 

a cell which splits off from it, moves eastward. ·Winds south of the. 

high pressure center veer, convection. cl~uds over the warm seas decrease 

·and cooling along the coast may" pr~duce stratifonn clouds. Lit"tle 

change occurs in short lulls but .when they are pr·olonged, high pressure. 

over China may. break down altcgether and a ridge from the ·Pacific anti· 

cyclone extends across·the area and onto the mainl~nd. These conditions 

may eventually lead to the· development of "crachin" along the northern 

~oastal regfons of Vietnam. 
·5- = 



SUB-TROPICAL ~ET STREAM 

. During the transitional period between th~ southwest monsoon and 

northeast monsoon a significant. change occurs in the ·upper-level flow 

over south China and southeast Asia. Perhaps, the most significant feature 

is the establishment of the sub-tropical jet stream along ·the southern edge 

of the Hima 1 ayas. Its onset is abrupt', first becoming ev~ dent over north­

west India in late ·September or early October, and then -advancing down­

stream at about 3 deg. longitude per day~ Once the jet'stream is estab-

_lished south of ·the Himalayas its position remains almost stationary through­

out the dry s·eason (Yeh 1950). 

Over the southeast Asia region, ~ubsidence is both more intense and 

confined then ever North America. Widespread subsidence occurs south of 
I 

the jet stream over northwest India. However, over northeast India and 

southeast Asia, north of 15N, juxtaposition of jet-stream and convergent 

upper-level (300~200 mb) southwesterlies of equatorial origin seem to 

result in much more vigorou!; subsidence downstream. The excess of ~ir at 

high levels, which can es~ape neither north nor south, subsides downstream 

in a ZQne, which has rather· rigid latitudinal limitation. It has been 

suggested that the cool-season aridity of Bunna, .Thailand, and Indo-China 

results fr.om compensating .subsidence and ·low-level divergence be~eath upper. 

convergence.· (R~m~ge 1952). 

TERMINATION OF THE DRY PERIOD 

A pronounced wanniPg trend ov·er the mainland of southeast Asia and 

south~rn China· begins in March, April and continues into May. During 

this time screen temperatures· may reach extreme values varying from 100 

to 114°F. A general increase in rainfall is also observPd. 

. . ..... ~ "': ........ .,.n.,-6-,' 
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ihe northward southwest monsoon) 
.. 

begfns·:with this.wanning tr~nd but the principal advance over southeast 

A~ia. 9ccurs in c_~.njunction with tropical cyclc;>Qenes·is in _the Bay of' Bengal. 

-The ~ean calendar date 6f the onset.9f·the southwest monsoon has been 

established-around 17 May with an approximate-range of 33 _days." 

Th~ onset of the sout.hwes t mons9on ushers i :1 . the suim.er period of 

disturbed weather in which thunderstonns and squall-lines become more· 

frequent.~ver the south Asia regions. An inspection of daily single­

station· rainfall amounts for stations .in Buma, Thailand, and the wind­

ward side of Vietnam show general increases in the frequency and amour.t of · 

rai n.fa 11. 

During the period of the onset of the southwest monsoon another abrupt 

change.occurs in the large-scale circulation features. 'The sub-tropical 

jet stream so~th of the Himalayas weakens a~d event~ally disappears, the 

polar westerlies shift northward in conjunction with the sub-tropical ridge 

an~ eventually the upper~lev~l winds (360-200 mb) ·shift to easterly direc­

·tions 6ver all of southea~t Asia~ 

SYNOPTIC SCALE WEATHE~ SYSTEMS WIT~IN THE COO~ SEASON 

1. Crachin 

The rrcrachin" of the ~oastal regi.ons of northern Indo-China and south 

China is a humi4 period of fogs ~nd drizzl~·or light rain which sets in at 

about the time of the normal annual temperature minimum~ generally toward 

the en~ of J~nuary, ~nd fnterrupts the dry seasor. .. The crachin.may per.sist 
. . ' . . 

into ~id-April, gradually merging wi~h·the rains of the rainy season proper. 

Though there may be pro.longe.d precipitation, the .amounts recorded are ·small . 

... .. ~ . 
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It has been suggested that 'crachin may_ develop in two .ways: (1) as 

the result of mixing of ~wo nearly saturated air masses along a frontal 

surface, and (2) by surface cooling of a .wann moist ~ir fl·_;jss. The latter 

is:a~mcst :always the cause of the wbrst and nos~ pe~~istent c~~chin. 

The ttend in monsoon surges and lulls is toward an increasing numbe~ 

of ·easterly surges •. i ncrea·s i ng ly. 1 ong 1 ull s between surges and more per­

sistent crachin, as the dry season advances. Turbulence_, topography, 

diurnal-heating, an~ dew p~int/sea tem)erature difference~ all play impor- 1 

tant parts in detennining when and where crachi.n will develop and what 

fonn it will take. The interrelation of these factors along the coast 

may be extremely complex. 

Since the vigorous crachin usually occurs in th~ cooler trough .·~gion. 

west of the surface high, it is associated with local winds v~ering with 

height. Surges of the north~ast ~onsoon may be important crachi~ modifiers. 

However, from February onward even moderate surges may not dissipate crachin 

for the air behind the front can still be undergoing surface cooling alor.g 

the coast. 

2. Tropical Trough 

·"Tropical trough" is a name given to an upper;.level disturbance whi.ch 

appears around mid-January over southern India at a·nd ·above .30,000 feet. 
. . I . . . . 

The trough,· moving eastward, sharply interrupts the prevailing upper 

tropospheric southwesterlies. _ The lower troposphere is little affected 

~n~il the trough reach~s th~ Anda~ans but from.there on it intensifies and 

colder air moves in from the 

~ , .... ~ ~ · ... :. 
r ~ · ·' ~ .. _, .. 
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Once over Thailand or Indo-China, a tropical trough may rema;n sta­

tfcnary for a wee~ or ~bre. The reason for this may lie in the long-wave 

patte~n of the low latitude· polar westerlies. 

· The ·first sign of t~e ev~ntual dissipation of: the tropic~l trough 

comes with ~eappearance of the ~pper southwester1i~s over south~rn India. 

Spreading nottheast, they reestablish with the low-latitude polar wester-_ 

lies, creating the nonnal pattern of high-level convergence in the region 

of the tropical trough. Th~ trough weaken~ or dissipates in situ, although 

it may sometimes· move eastward if the low-latitude portion of an Asia ·Minor 

trough has already st~rted to move eastward. The ~ub-tropica·l ridge moves 

north to its usual latitude, and weather returns to normal· winter con-

ditions. 
\ 

The "tropical trough" oc<.:urs from three to six times .in a cool season, 

but has not been obs~rved to develop much before mid-January .. From there 

on, it is increasingly cofl1110n, being the major rain producer for the dry 

belt during March and April. T~e monthly variation in o~currence probably· 

·results from increasingly frequent breakdown in the upper southerlies to_ 

the south and wes~ of India as the season advances. The reason for this . 

i·s not known. 

3 .. · West China Trough 

In winter the major Far East~rn long ·wave mid-latitude_ westerly trough 

lies along about 1.25°E.· Surface cyclones usually deverop east of this 

l~ngitude. However,· a few times (rarely more than four) e·o~e.ry cool season 

the trough along 125°E dissipates o·r moves rapidly eastward._ A wann ridge 

extends westward from_the Pacific ant1c_yclone bringing fine weather to China 

-.9-
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and sea fog to. the China coast. The Siberian anti-cyclone retreats north­

ward and westward over south China with dew point.·and temperature rises, 

and pressure falls. At this state~ a trough in the westerlies moving east 

from India will intensify over west China. This results in the region. of 

surface cyclogenesis being displaced about 20 degrees_ westward. 

Occasionally, .) west China trough situa.tion lasts from ten tO twenty 

days.· However, when the trough finally mov~.s eastward to its nonna 1 pos i­

tion the continental anticyclone is restored to its usual position .. Toward 

the end of Aprfl this situation ceases to be of significance. 

:The west China trough situation is usually favorable for "crachin~ 

development but further research is neces_sary to .. ~stablish the effect of 

this situ~tion ori the weather of southeast Asia. 

4. Trop·ical Cyclones and Easterly Waves 

In most parts of the. w~rld, during winter, the· sub-t ... opical ridge 

slopes equatorward with height and usually reaches to within 10 to 12 

degrees latitude of the equator in the high troposph~re. Over southeast 

A$ia and the Philippines, however, the ridge axis above 700mb is almost 

vertical and is found between 15 and 17°N. 

South of the ridge, in the region of deep easterly flow, disturbances 

typical of suntner· continue to be observed. Tropic-al sto_nns or typl'\ocms. 

may persist there for several days, usucilly diss·ipating ~hen a strong 

northeast monsoon surge feeds _.cold, dry surface air into the circulation. 

-- ---·-- -·-- ----
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·Waves. in the easterlies are not uncontnon. They propagate s.lowly west­

ward. with l~level divergence and fire weather ahead, and low-level con­

vergerice and precipitatio~ behind ... 

. ·Tropical cyclones develop in the southeas.t· .~sia .waters. (China Sea and 

.Bay of. Bengal) any time of_ the y~ar but are more frequent during the 

tran~ i ti on periods (September-November; .Apri 1-May) a:11 du:"'1 ng the sou th•1es t 

monsoon (~ay-Septernber). 

The rainfall in Indo-China and ~hailand during the fall transition 

period (September-November) is due primarily to trorical cyclones moving 

from the sea to the land. Our'ing this period, especially south of 30°N, 

the situation is one of ebb·and flow between the northeast monsoon and 

typhoons; ·the latter dominate at fi.rst, but by January 0r:1ly feeble $torms 

or weak easterly waves penetrate we~t c~ 125°E. 

Easterly waves are relati.vely more conr.1on than tropical cyclones in 

mid-winter, but they seldorn produce rain in.the re<;_ion of extremely shallow 

low-level easterlies north of the sub-tropical ;·idge aloft. 

Occasionally, t~e superposition of a wave in the easterlies on a trough 

in the polar westerli~s may result in mutu~l intensification and general 

rainy conditions. However, the frequency of this type of situation is 

unknown. 

Tropicaf cyclogenesis .in the Bay of Bengal .and to a lesser extent' ir. 

the· Chi~a Sea precedes o~ coincides with the ~nset of the southwes~.monsoon. 

A large number of tropical cyclones that develop in the Say of Bengal 

during May often track to the _northern sections of the Bay or into Bunna. 

These stonns with a northward trac~ ·are often accompanied with aeep~ni_:"'g. 

monsoon we~terlie~ in their rig~t-hand sectors. It is these westerlies 

1,,,,. ~ ~- -·~1 -n- ;n: ;!' 
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which usher in the southwPst monsoon over southeast Asia and teminate 

the prolong·ed ~inter dry period. 

MESOSCALE: WEATHER SYSTEMS 

T'he ·predomi n~ te meso seale weather sys tern is th~ thunder~ term or squa 11 

Hne. During the dry season conventi_onal surface heating aided by oro­

graphic i·nfluences provide the possible trigger mechanism for such stonns. 

However,:.·certain synoptic disturbances which augment the low-leve·, con­

vergence, ·e.g., "tropical trough~~, easterly waves or tropical cyc1ones may 

increase thunderstorm or squall-line development. 

Generally speaking, good observational data for mesoscalt weather 

systems are lacking for southeast Asia. 

LOCAL EFFECTS 

Many of the local effects on meteorological elements are produced by 

topography. Meteorological observations are usually lacking in the 

mountainous regions. Therefore; it is not too surprising to find nttle 

wri tt~ii on the subject excep.t perhaps in the broad-sea 1 e sensP. 

Examination of mean mcnthly ra~nfall ·charts for southeast Asia 

indicate in gen·era 1 terms the influence of the topography. Ouri ng the 

southwest monsoon, rain shadow regions can be observed in the Irrawaddy 

Ba.sin of Bunna, the central Valley in Thailand, and to a certain extent 

on the leeside of the Chaine des Cardamomes in Cambodia. 

Geographic enhancement of rainfall can be observed on the windward 

sides of the .Ara.kan Yoma and Bilauk Taung in Bunna, Trengganu Highlands 

of Malaya, Chaine des Cardamome.s of Cambodia and Chaine Annamitique in 

Vietnam and· Laos. 

: --12-
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During the winter or cool season, rainfall is augmented ~long the 

·chaine Annamitique·i~ Vietna~ due to the forced as~en~ of the northeast 

monsoon. This also occurs along the extreme southern peninsula in Thailand 

~nd the ~alay peninsula. ··. 

Fcenn.winds have been ~oted to occut in certain regions_ of Indo-China. 

During ·certain synoptic situations a wann, dry _wind descends from the 

~estern Highlands of La~s causing very uncomfortable conditions along the 

north~central coas~ of Vietnam .and possibly in regions ·of- La_O$ and Th~iland. 

Strong foehn conditions may also be observed on the leeside·of the Chaine 

Annamitique in Vietnam· du~ing strong surge~ in the ~ortheast monsoon.· 

Along coasta·l areas land and sea .breezes should be expected.. However, 

little .infonnation is available pn· this subjt:!ct for southeast ·Asia .. 
. . . . 

FIRE WEATHER PROBABILITY IN· SOUTHEAST ASIA 

ASSUMPTIONS ANU L1MITATIONS OF THE OATA 

Fire Weather Probabilities.--Several stations in southeast Asia for 

_which data in 11 N-Suntnary" form were av.ailable were used as a basis for 

computing the probability of t~rg~t readiness for Project Emote operations 

(Appendix 4 ). The fonnat illustrated in Table 1 is similar to that usea 

in an earlier report (Forest Fire Research Ffnal Report, Phase .1, Vo1ume 2) 

with some si~nificant changes.· First, the basis fo·r :·the input data has 

been chan~ed _in light of the new requirements. for accumulating drying days.· 

After a light rain.(~ 0.2 inch), 1 drying day must occur before t~rge·t 
. . 

readiness i.s achieved. After a heavy- rain ( • .2 inch)_~ 3 drying days 
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INPUT DATA o.oas·o.oJa a.aos o.4J7 o.,az 

PROIA81Lin tHAT U UASJ ONE SITE IECOftES READY. If All SITES IUUIVE A HtAVY RAIN 
THE DAY BEFIIRE THE MEATHER WATCH BEGINS 

--------~---------·---------------------------~~-------------------~-----------~---
D4YS SINCE NUMIEl OF SITES INCLUDED IN WEATHER MUCH 

ME ATHER ------------------------------~--~-------------------------------------MATCH B~GAN l ) 4 , 6 ., • 9 .10 
-----------------------------------------------------------------------------------l · o. ooo - o·. ooo -o.ooo -o.ooo -o.ooo -o.ooo -o.ooo -o.ooo -o.oco -o.ooo 

2 o.ooo -o.ooo. -o.ooo -o.ooo -o.ooo -o.ooo -o.ooo -o.ooo -o.ooo -o.ooo 
) o.oro o.an o.aqs 0.252 0.)04 o.J~l 0.)91 O.•HO 0.4 79 o •. ~u 
4 O.JRb 0.62) 0.761 0.858 0.9l) 0.94t6 0.967 0.980 0.9U 0.992 
5 0.684 0.'100 0.91\l 0.990 o.t91 0.9'19 a.ooo a.ooo 1.000 t.ooo 
b o.1so 0.971 o •. t'l7 0.'19'1 t.ooo 1.ooo t.ooo 1.000 1.ooo 1.000 

' Oe 916 .. Oo CJ'f, a.ooo a. ooo . a.ooo 1.ooo a.ooo 1.ooo . 1.ooo t.ooo . 
• 0.961 0.991 a.ooo a.ooo a.ooo t.ooo '·"00 1.000 t.ooo t.ooo 
9 0.'178 a.ooo 1.ooo a.ooo a.ooo t.ooo a.ooo t.ooo t.ooo t.ooo ·· 

10 0. 908 . a.ooo a.ooo t.ooo a. ooo a.ooo 1.ooo a.ooo . a.ooo a.ooo 
ll 0.994t '.ooo 1.ouo 1.ooo 1.000 a.ooo a.ooo t.ooo 1.;000 t.ooo 
ll . 0.'1 1H t.ooo a.ooo t.ooo . 1.000 a. ooo . t.ooo t.ooo 1!'000 a.ooo 
l) 0.99.8 a.ooo a.ooo t.ooo i.ooo a.ooo \.000 t.oou ·t.ooo t.ooo 
14t 0.999 t.ooo a.ooo 1.coo a.ooo a.ooo· t.ooo 1~000 t.ooo a.ooo. 
lS l.tOO a.ooo '·"00 · a. ooo a.ooo 1.000 1.000 . a.ooo 1.000 &oOOO 

--------------------------------· -----------~----~---------------------------------
PR08A81LITY THAT Af LE4ST ONE SITE ~fCOM£~ READY IF All SITES lECEIY£ A liGHt RAIN 

lHE DAY BEFORE THE WEATHER WATCH BEGINS 

----------------------------------------------------------------------~-------------DAYS SINC:E .. UMIU OF Sl IES lNtlUOEO "IN MflTHER WAftH. 
ME ATHER -------------------------------------------------·---------------------

MATCH BEGAN l ) 4 s 6 ., I 9 ·10 

--------------~------------------.-~------------------------------------------------___ _; •. _. . 
0.9)0 o. 98_6 0.99l .0.9?5 ' 0.412 0.6S4 0.791 0.880 0.9~9 Oo9J6 

l o.a1• 0.914 0.9'l6 0.99? a.ooo a.ooo a.ooo 1.000 a.ooo 1.ooo 
) 0.9 .. 2 0 •. 997. a.ooo a.ooo a.noo a. ooo a.ooo a.ooo t.ooo a.ooo 
4 0.96f 0.999 a.ooo 1.000 a.ooo a.ooo a.ooo 1.000 a .• ooo a.ooo 
s 0.911 a.ooo ·a.ooo a.ooo t.ooo a.ooo a.ooo a.ooo a.ooo a.ooo 
• 0.'1111 a.ooo a .·ono · a.ooo '· 000 1.ooo ·~000 a. oou a.ooo a.ooo 

' 0.99) a.ooo a.ouo . a.ooo a.ooo 1.000 a.ooo· 1.000 1.00.0 a.ooo 
I 0.'1'16 1.ooo 1.ooo a.ooo 1.000 a.ooo . 1.000 1.000 a.ooo a.ooo . 
• 0.998 a.coo a.oco a.ooo •• 000 a.ooo 1.000 a.ooo a.ooo a.ooo 

10 O.CJCJ') a.ooo a.ooo a.ooo a.ooo ;.ooo 1.ooo a.ooo a.ooo a.ooo 
e.: ll 0.'19t a.ooo a.ooo a.ooo a.ooo a.ooo a.ooo .1.000 a.ooo a.ooo ......... 

ll a.ooo 1.ooo a.ooo a.ooo a.ooo '.ooo 1.000 a.ooo a.ooo lo 000 ...... 
·~- ll a.ooo a.ooo 1.ooo a.ooo a.ooo a.ooo 1.000 1.ooo a.oou a.ooo ··- 14 a.ooo 1~000. a.ooo t.ooo 1.000 1.01}0 1.000 a.ooo 1.000 1.ooo 

. .; ...... 
~~ 1.ooo a.ooo a.ooo a.ooo . t.ooo a.ooo a.ooo 1.000 a.ooo · a.ooo ... . . . . 

.,J:;. ----------------------------------~---------------------------·------------·-----··-
.::'.-~PAOBAB~lJlY tHAT A IUN0014l'l ·C~OHN Slf( H •HOY • 0.880 
1'-Y ... 

~ TABu· 1. FOfiMAT 0r .~TATISTICAL TABLES OF PROBABILITY Of li\RGET READINESS. 

! ,. 

l. 

r:. 
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r.lUSt be accumulat~d.. A· drying day is_ defined as one in which fuel-moisture 

content will ~ecrea~e. ffnally down to equilibriu~ level. Specifications 

for a drying day are: 

1. No rain .has fallen in th·e preceding 24 hours. 

2. :-1ini r:um relative humidity drops below 70. percent. 

3. Afternoon cloud cover is less than 3/8. 

A second difference is that column XX in Fig. 12 of the Phase 1, Volume 

2 report has been expanded (see Table 1) to incl~de more than one site after 

a heavy rain. 

· Thete are five input probabilities for each station for each month .. 

Referring again to Table 1·, note these p~obabilities are as follows: 

0.015 =PH z probability of a heavy rain within a ~ay 

0.031 -= PL z probabili-ty of a light rain ·within a day 

0.105 ~~ P a = probabi 1i ty of an overcast day 

0,437 c Pb = probability· of a half-overcast day 

0.412 •· Pc • pr·obabil~ty of a clear day. 

PH and PL were detennined from "N-Summary 13H data which are pre­

cipitation amounts grouped in ~lasses and mean n~ber of days/class on a 

monthly basis. For our purposes>. 0.004· inch was defined as a rainy day 

·and this data together with the class ,. .39 inch and > .99 inch were 

plotted on s~·i-log paper and.an interpolated value for ,. ~2 inch was 

· detennineq from the graph.· This value was the nun,ber of heavy rain days . 

. This va 1 ue subtracted. from the tota 1 ·rain days ( ,. . 004) gave th~ nur71ber · 

of light rain day~. Then 

s 
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p • 
L 

number of heavv rain d~ys 
number of cases 

number of light rain days· 
number of cases -

' 
'- •.• i. .. ': ~.' 

The cloud'cover probabilities were deter-mined from "N-Summary ·17'' for 

the 1 oca 1 time nearest 1400 LST. · N-Surrr.1a ry 17 (mean number of days wi tt"l 

indicated total and low cloud amounts) groups data by cloud cover classes 

as 0_- _1/8, 0- 2/8 ( ~ .25),· 3/8- 5/8 (.25 < ~ < .75) •. and 6/8- 8/8 

( ~ ~75); The interval 0 ~ 2/8 is defined for our purposes as being cledr, 

3/8 - 5/8 as being 50 percent ~loud cover, and· the ~/8 ~ b/8 interval a$ 

being 100 percent cloud- cover. Then 

overcast =· number of days 6/8- 8/8 cover 
number of cases 

pb = so percent cover = number of days 3/8 - 5/8 cover 
number of cases 

Pc = clear = number of days 0 - 2/B~cover · 
number· of cases 

It is realized that these approximations for cloud cover and interp81ated 

rain values leave something to be desired. But it is not unreas~nable t~ 

assume that for a first app_roximation, considering the tyoe of data whic'"l ~r~ 

available, that the statistics can have meaning in a general sense if usee 

i n te 11 i gent 1 y' ~ 

COMPUTATIONS OF FIRE WEATHER PROBABILITIES 

1. Single sites 

Given: 

pH' p L ' ? a·' p b' p c 

-16--
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Assurr~i ng that: 

a. Present weather is i~d~pendent of oast _weather. 

b. No drying occurs on rainy or overc~st days (zero ''dryi_nrJ 

days") . 

. c. A ha 1 f:-overcas t day ;_s equi va 1 ent to one-ha 1 f "dry i nq day···. 

d. A clear ~ay is equivalent to one "drying da.y". 

e. A fire will burn if 3 or more "drying days" have 3CCumulated 
. . . . 

since the ·last heavy rain >0.2 inch provi'ded that ·1 or mare 

:·drying days" have accumulated since the last light rain. 

What is the probabi.lity that at 1east one "burning day" will·occur· 

wi~hin·an N day weather watr~t (N: lt 2, •••• t 

A. When the weather wa·tch. is instituted, 2 "drying days" have 

· accumulated since t~e l_ast heavy rain? 

B. W_hen tt,e weather·w~tch is instituted,no ''drying days"· nave 

accumulated since t;,e last heavy rain? 

We recognize that a given site on any 9iven day may require 0, 

1 t 1 :~-. . .... , 3 "drying days" be for' be·; ng in a su; tab 1 e condition for 

burning. r·hus a ·site may be described as ~eing in cne of the followinq 

states: 

... ~ . 
r~('\.: .. \.=.: ... ··,, ... -..... -17-
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State 
· Number 

2 

3 

4 

5 

6 

7 

II 

-- .... -~-~- ----··· . .:._ 

Dry11 1 Days 
Neeaed 

3 

2 

1 ~ 

1 

0 

II 

c:::: 
Days Since 
Heavy Rain · 

0 

.l 
2 

2 

3 

If 

l 
2 

.. 
.-.:....---· -· .. 

•• 
Days Sf~ke : 
Light R':a:io 

0 
~- . ~- .. ·• . . 

-~. 

II 

The desired probabilities for questions A and B above are t~~~; 

A. The probability that a site now in state 5 arri~\!S in state. 7 
... · .. ·. 

in no mor~ than N steps. 
. .. •":. 

···~· .. 

B. The-probability that a site now in state arrives in s'tate 7 

in no more than N steps. 

We have assumed. that present weather is independent of p~st weat~er; 

which of cours~ it is not. However, the degree of dependenc~~s ~nk~own. 

As a first aoproximation we· have assumed dependence of present .. weather on 

past weather to be small and have formulated the problem as a ~arko:' .Chain; 

thdt is, the process of drying may be described as a r~ndom or stochastic 

process which moves from state i to state j with probab11 i ty q •. · . · . ....-here the · lJ 

q'ij depend only on the present state o~ the process. 

The matrix Q' of single step transition probabilities ~·iJ'· in· ~tr~s-­

of the P. described earlier are given in Table 2. T~~ orobabiliti~s w~ 
. . J . : . . . 

require for questions A and B can easily be derived from these singl~ step 
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TABLE 2 - MATRIX Q.' OF.·SINGLE STEP TRANS! ;Ior~ PROBABILITIES 

Q' 

2 3 4. 5 6 7 .a 

Hla ·b c 

2 H La b c 

3- .H La b c 

4 H -La b c 

.s H La b c 

6 H· L a b r. 

7 H L a b 

8 H L a 

W~ere Hla = p + p • p 
H L a 

H = P . . . H , . 

·La = PL ,. p • 
a' 

a a p a 
b = pb 

C a p 
c ; and. 

l = PL 

. ·- --
- .. a~ .. 

-19-
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<:. 
proba::,ilities. We form the matrix Q (see Table 3) from 0' by making· 

state 7 an absorbing state and computing the N step transition matrix 

Q(N} by raising Q to the N-th power. The desired probab·:lity for question 

. A is· then q~~~ and, for question ·s,q~~~~ .Both occur in -~he right most 

. column vector of the.matrix. Hence~ instead of Q(N}. we may c~mpute Q(N-l)q 

\~here q· is the seventh co 1 umn ·of q .. The compu ta ti ons were ~erfonr.ed 

from right to left as: 

Q ( Q ( Q ( ..... ( Qq ... ~ . ) ) } . 

Each multiplication was then a matrix by a column vector; no mult~-

plication of Q by itself was necessary. 

2. Multiple Sites 

Find the probability that at least one of M sites (M s 1, 2, .. ~ ,10) 

will experience at l~ast one "burning day" within anN day weather watch 

{N = l, 2, .... ·., 15) if, when theweather.watch is instituted,.2 ''dryin~ 

da~s" have accumulated at each site since t~e la~t heavY rain, and also 

under the assumption that no drying days haJe 3ccumulated since the last 

heavy ra·; n. 

These probabilities were calculated from the formula: 
. M 

PM,N = 1 - {1 · PN) 

Where 

PM,N • desired probability forM sites and anN ·day watch . 

. PN ·• single ·site probability from 1, {q~~~) or (qf~j> 
·The basic assumption here is that the weath~r· at one site 1s 

•. . . 

independent of the weather at !!1i:. other .site, which. of ~ourse it. i s_n 't. 

This obvious error will be minimized during the drier month~ when rainfall 

is _essentially of the shower type from air. mass rath~r .than f ..-onta 1 

~;stems .. Individual rain· showers tend to be random _in thei-r .occurrenc~ 
-~20- (:" ~ . -. .. 
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6" 

7 
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2 3-

HLa b t: 

H La b 

H La 

H 

H 

H 
II 

Where HLa = PH+ PL + Pa 

. H = PH ; 

La = PL + Pa 

L = PL 

a 1: P 
.a 

c = p c; 

. be • Pb + P c 

Q 

4-

c 

.... · 

5 

b" ·.. c .·;· 

La :: b 

.. · .. La 

.' ..... ·L. 
-~~l-· 

<-: .. " 
.;,· .... .... 

·· .... , . 

c 

b· 

a 
· 1r 

·.I 

7 

. . ~ 

c 

be 

. 1 . 

.... --, 
c 

.. 



.. -·- ---- _______ ,__;_ ____________ ----~----

a~1 in this sense the argument for ·site tndepende~ce is .oresented. 

, Unconditional Prob~bilities 

'r'fhr~t is the: probability that a ran~om day is a ·burni,g day? 

·cor the solution'to this problem, we·:"'eturn to the matrix Q' 

of section l. The desired p!"obability, U, is the orobability th3t th~ 

process is found· to be in state.7 t- a -highe.r state on a· random day. 

If the u. are the 'orobabilit-:~s from the stationary distribution of· 
1 . 

the chain then 

u = :~ u. 
i=7 , 

6 
::: 1 - U; 

i=l 

7he stationary probabilities ~atisfy the system of equations. 

u Q' = u 

where· u is a row vector wi;n elements u1 and Q' ~~ the extension o~ Q. 

A stepwi~e sqlution of the syst~m for the first ten u1 was obtain~d 

with the following formula~: 

u l = PH I ( 1 - P a - PL ) 

u2 = u1 Pb I (1 -~ Pa- PL )· 

ui = (Pc ui-2 + Pb ui-1_) I Cl Pa. PL). 

where i = 3, 4 
I+ 

u5 = [Pc u3 + Pb _u 4 + PL (.1- f=l ui)] I (1 - Pa) 

u6 = (Pc u4 + Pb u5 ) I (1 Pa) 

4. Days th~t Bufning Operations ,re Possible~ 

How many days are burning operations possible at any location in 

any month? 

The number of da.vs eQuals the unconditional _probabili~y~ ·u. ti:Tles 

the number of days in the month in question. 

-22-
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ANALYSIS OF NUMBER OF DAYS THAT BURNING IS POSSIBLE 

In Phase 1 ~f Project E~OTE, restrictions on amounts of rain Jnd 

. nu~ber of dry~ n_g days were recognized· to be too severe. In an effort to. 

remedy this we. h~ve gone too far the other way in establ~shing a heavt 

rain as > .• 2 inch I day and reduc 1 ng the number of drying days to 1 after; 

a light rain.and 3 ~fter a heavy rain. A co~parison of map-analyses 

of the two sets· of conditions ~eadfly bea~ th.is out. We have the advantage 

now of at least knowing the limits within which we can operate. Th~y are 

as follows·: 

a. After a ·hea·vy rain (> .2 inch) J dryin9 days are not 

~nough and 5 drying days are too many.· 

·b.. After .a light rain (~ .2 inch) 1. drying day is not enough 

and 2 drying days are too many. 

These limits would apply generally to the dryer months - November 

through March. It is recognized that only in isolated areas could a 

successful operation be conducted in ·the rainy season. For convenience 

in· comparison, two maps for the same mont~ appear on eac, page (see 

Figures 1-12). The map on. the right illustr~tes too liberal restrictions 

on burning operations while the ~neon the left illustrates too con­

servative r~strictions •. The li~eral analysis (right chart) appears to 

be quite sensitive to the prevailing monsoon flow •. certainly ·much more 

so than the conservative analysis~ One can readily see the effects of 

prevailing southwest flow moving northward from Malaysia beginning in · 
•, . . . 

March. and con~i nui ng through November whi 1 e the effect of. northeast f1 ow 

can be seen from October ·through February. September and ··october. as 

well as February and March,are transition months. The interior of ttie 

• 

-----
-·~.c.c:-=·--·-·--------.-···--··- ·-· ------
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Fiqure l.--Number of days th'lt.burnin<l h possible in January ']iven: 

(a) Fivf' or more "dryinq day!." have 
accumulated since the ld~t no~vy rain 
provided U:.:tt .2 or more "dryiuq da_is'' 
have ac[~~ul~ted since the l~~t l1~~t 
r .ti ri. 

(b) Thi·ee or more "drytng dc1y\" hav':! 
accumulated since the last heavy rdin 
provic1ed that 1 or more "dryinq _days''. 
hd~e dccumulated since th~ l!st· light 
rain. 
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rigure 2.--Number.of·days that burning is ~ossible in February·g~ven: 

(.a} ·rive or more "drying diiys" have 
accumulated sin~e the last heavy rain 
provided that 2 or more "dry1nt) days'' 
havP. accumulated since the ldst light 
rain. 

(b) Three or more "dryjng day$" have 
accumulated since the last heavy rain 
provtded that 1 or mare "dryinq day~" 
have a~cumulated-since the last lig~t 
rain. 
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~ Figure 3~--Numb~~·ot days that bu~ning is possible in Marth gi~en: 

(a) F1 v.e· or rr.ore "drying days" have 
iiccumulated since the last t1eavy rain 
provided that 2 or more "drying days" 
hdve accumulated since the last light 
ra f n. 

(b) Three or more ''drying days" have 
accumulated since the last heavy rain 
provided that 1 or more "drying days" 
have accumulated ·since the ·la·st 11ght · · 
rain. 
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Fibure 4.--Number of days that burning i:, p·ossible· in April given: 

(a) Five or.mQre .. drying day~" have 
accumulated since the last heavy rain 
provided that 2 or more "drying day5" 
h~1e uCCUmulatNJ Sinc;e th~ last light 
rafn. 

(b) Thre·e or more "drying days" have 
accumulated since the last heavy rain 
provided that 1 or more "drying days" 
have accumulated since th~ last light. 

·rain. 

( 

.. 

j 

l 
j 

II 
;j 

i 
i I 

H· 
I! 
I' 



). 

' 

'· 

L. 

I 
N 
00 

' 

I ! 
-. ---··-· -·. --· ··--· ·-·-----··- 1 

0 • 

I 
·····-· .... ______ _j 

Figure 5.--Number of days that burning is possible in May given: 

(a) · F i vP. or ·more ".dry1 ng d11ys·" have · . 
.accl.llllUl:Jted since the la:..t· he:1vy rain 
p·roviderJ that 2 or rr.ore .. drying d~ys .. 

· h~v~ accumulated sfncc the la~t light 
·r.:i in. · 

(b) Three or more "drying days" have 
accumulated since the last heavy rain 
provided that 1. or more "dryi nq days" 
have accumulated since the last _light 

·rdin. 
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Figure 6.·--uumber.of days that burning is possible in June· given: 

(i) five or more "drying· days" have 
accumulated since the last heavy rain 
provided that 2 or mor( "~ryin9 days" 
have accu~ulated sin~~ the 1Jst light 
·r·a i _,,. 

.. -(b) Three or more "drying days" have 
accumulated since the last heavy rain 
provided that 1 or more "drying days" 
have: accumu 1 a ted s i nee tt.e 1 as t 1 i ght 

-rain. 
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Figure 7.--Number of days that burning is possible in July q;ven: 

(a) five cr fliore "dry1nf') day~/' have 
rlCtU:Hulatcd S1nc.r· the la-;t he.JVJ filin 

·provided that 2 ur mnre ''dryiriy days" 
ha~~o .Jr:cwnulat~· ~ si,IL•· the 1~->t 1 iuht" 
ra i ri, 

(b) Three or more "drying doys" h~ve 
accumulated since the·l~st heavy rain 
provided that 1 or· more_ "dryinq days" 
have accumulated sinu~ the last light 
rain. 
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Fiqure 8~-:-Number of days that buriling is· possible in August given:_·· 

·(a) five. or more "dryin'] days" h.1ve 
acc.umulatcd since thP. 1.-t·;t •)c;,''Y rain 
provided that 2 or·rnure ''dryinq day~;" 
hct·:e accun·.Jl(\tcd c..inu.- t.h1· 1a;t light 
rain. 

(b) . Three or more "drying days" have 
accumulated since the last heav.:,'. rain 
provided that .1 or. more "dryinq days" 
have ac.cumuldted sine~ ·the ldst light 
ra.in. 
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FiglJt·e 9.--Number of days that hurning 1s possible in Sertember given: 

(a) five or more "dr_vi'ng days'' have 
accumulate<' s.ir.c.e the li.st heavy rain 
provided that 2 or i"0re .. dr.}ing days .. 
hdve f\~cumulated since the .last liqht 
r~in. 

(b) Three or more "drying days" have 
accumulated since the last heavy rain 
provided that 1 or more "dryinq day.s" 
h~~e accumulated sfnce the la~l light 
rain. 
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Fiqure 10.--Number of days that burning is possible in October ·gi.ven: 

(a) Five or more "drying dclys" have 
accumulated c;tnce the la5t heavy rain 
provided that 2 or more "drying days" 
h~ve accumul~ted sin~e the lJst light 
rein. 

(b) Three or more "dryfng_daysM have 
accumulated since the last heavy rain 
provided that 1 or more "drying days .. 
ha·1e accumul<ated sine~ the last light· 
rain. 
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Figure 11.--N~1ber of da~s that hurning is_possib'e in Nove~ber given: 

(a) Five or more "drying days" have 
ac:c.:t,~mulatF:d since the last l1ea,vy rain 
provided that 2·or n1ore "dr_yinq days" 
I•<1VP ar.cumuldted ·since the la~t-light 
:J in. 

(b) Three or more "drying days" have 
accumulated since the last heavy rain 
provided that 1 or more "dryi nq days" 
have accumulated since the last light 
rain. 
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Figure 12.--Number of dayc; that burning i~ nos·sible in December given:· 

(a) Five or more "drying days" have 
acc~mula~ed ~fnce the last heavy rain 
provided that .2 or more ''drying day;" 
h~;~ accumulated sine~ the last Jight 
rain. 

(b) Three or more "drying days" have 
accumulated since-the last heavy" rain 
provided that 1 or more "<!ryi n~ days" 
hale ·accumulated si~ce the last ·light 
rain: 
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Indochinese pe~~n~ula continues to be relatively dry ~rom Octo~er to 

Apri 1 when compared to the coast. From May to Septe,"ber the "lwrber of 

burni~9 days in. the interior a(e reduced. relative to coastal a·reas· . 

. One would tend to conclude from these analyses that the 'tctal number 

of burni~g days are generally much greate~ in t~e interior Korat plateao 

region and variable wi~h the seasons along the coastlines. The data ~re 

also sensitive to elevation with higher locations nearly alweys having 

more possible burning days than the lowlands. For this part of t~e world 

such.a conclusion seems reasonable in light of the fact t~at when we 

talk of lowlands we generally mean high rainfall areas and ·lush jungie­

type vegetation. Our test operatio·ns would tend to confirm that on1y 

.~nder the most ideal conditions can mode~ately· successful burning :a~e 

piace in the lower .elevations .. Two tests actually took place in Jar:uJ~"'y, 

the month when success was most likely and ~n only one of these days 

was mod~st success achieved. 

THE BURNING EXPERIMENTS 

Three burning experiments were conducted in South Vi etnarr. in c=c ·· i y 

1967. They ~ere referred to as "Pink Rose I, II, and III". ihe ta.-get~ 

were ignited by clustered incendiaries :1ropped from B-52 aircraft on 

January 18, 1967 (Area "C''), January 28, 1967 (Area "A") and on Aprn 4~· 

1967 (Area "B"). The civilia" advisory team observed the experi"'!ents 

in Arets "C" arid "A" only. Meteorological ·aata for area "B" was ·~rc·;ia·-·:: 

by the First Weather Group, and c·orr.ments on what was observed t~eflect 

the interpretation of personnel who saw the burn and reported on t~ei~ 

observations. 

The burns-~~~~~ n~~ .P.~~·%i~ularly intense, and in no case Jid ar. 

actual firestorm occur.wher~~l major burning elements contributed tc · 

·-36- ·~ . .,.. 
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~single conv~t;tion cOlumn·. 

·m -

Trere were hot ·spots in each burn, alt~c~gh 

in Area "C" these ·were sh.ort-1 i ved. · Ground. reconna i ssa~ce after each 

burn ·indicate~ ~any areas of unburn~d fuel, which is ample evidence of 

th~ relatively light fire intensity. 

? I .'H~ ROSE I, ARE~ C, 18 JANUARY 19f7 

7~e first exp~riment (Area "C", Figure 13) WdS ignited at 1409 .LST' 

Ja.'r~ary 18, 1967 under extremely unfavorable atJnospheric conditions for 

burnin~· tropical· forest fue-ls. The atmosphere at TOT was cool, moist 
I 

and stable--characte~istic of the periodic lulls in the relatively dry 

northeast monsoon. 

The southern portion of the Siberiari High was dominating flo~. 

over South Viet~am. Low level winds were liqht and northerly. F~gu~e 1' 

illustrates a surface pressure ana1ysis and gradie~t wind level stream~ 

line analysis for OOZ (0800 LST) for 18 January· 1967. Southeaster1; flew 

frcrr. the 850-500 milli~ar levels on-January 17th (Fig.ure 15) becar'e rr.:.Jcr. 

mor.e oronounced on January 18th (Figure 16) with development north of ::r:~ 

Phillippines of a strong.anticyclone in the ·upper levels through. 20C: 

millibars. Unfortunat~ly, southeasterly flow advects moistu~e ove~ Sou~h 

Vi~tnam and the result is evidenced by the dense clo~j cover illustrated 

by the Nimbus II satellite photo in Figure 17. The Tay Ninh and Bien ~oa 

·RAG3s, Figure 18, ·show considerable moistu·re on the.l8th. iay N~.1h much 

_farther inland nea~ the Cambodian border has i~crea~ed moisture ~n t~e 

r'iiddle layers and slight drying in the lower iayers which is mos! :··,1(,~·. 

· tau.sed· by nonnal diurnal warm;ng _and mixing .from ~fternocn· heating_. 

Target area weather was. represented by Bien Hoa--lticated a~oJt 12 

stacute rr.iles southeast of target "C". Table 4 illustrates daily \·Jt:1t,..~r 

.,; ~ ~ ~ ~/- ··:r:~:~D-
;. t: , •. :~--- w •• -~ -37-
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Figure 1~.--Surface pressure analjsis and gradient wind 1eve1 
analysis, OOZ ·(o8L)·, 18 January 
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Fiqure 17.--Nimbus II satellite phcit6yra~h for n422Z (l222L~. 
18 January 1968. 
Note: Clouds are black; wr,ftt: art!aS ar:·.~~ar·.f' 
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TABLE 4. DAILY WEAT~ER ~&SERVATIONS rOR 81\H·~OA (ll~) AND TAY N!"'H (~~) ..... ::·." 
I 

R. H. 

~ 

7 ~an 67 se 84 · 70 68 5~ 59 - .. .. s ~4" 67 67 84 6~ 67 49 57 

J Jan 67 90· 90 65 67 4~ 47 

~0 Jan 67 88 88 65 61 47 41 

:1 'an 67 85 88 .•..• 
1: Jan €7 ~4 90 

13 Jan 67 86 8' 

14 Jan 67 55 c) 

lS Jan 67 

16 Jan 67 

17 Jan S7 

18 Jan 67 

19 Jan 67 

91 eJ 
••• 74 77 

79 81 

79 81 

81 72 

83 81. 

86 85 

67 67 ..... 
63 67 

61 65 

59 65 

51 so 

··-49 .47 

43 53 

42 54 

60 65 50 54 ... . .. 
54 57 49 50 

5~ 59 50 47 

6l 61 

65 67 

63 65 

54 

58 

51 

so 

70 

58 

65 65 49 51 

20 Jan 67 

21 Jan 67 

22 Jan 67 

23 Jan 67 

24 Jan 67 

25 Jin 67 

90 88 ~8 68 48 51 

25 .)an 67 

92 . ss 63 . 72 38 59 

S8. 84 70 68 55 59 

so 86 12 68 . 61 55 

90 66 66 66 45 51 

27 Jar. 67 88 88 72 68 59 52 

28 Jan 67 ·go 90 68 66 48 45 
•• 88 92 

•• • • 72 66 59 43 29 Jan 67 

30 Jan 67 90 ·94 72 68 56 59 

3: Jar. 67 86 88 7~ 64 59 45 

O~servations a~ 1400 LST exc~as indicated 
••1600 LST; •••1200 LST~ ••·~~ LST 

··- ·--- ---·-------
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observations .f~r Sit:n Hoa and ~~:·' ~~nh from ~·.1n.uary 7-31, 19~7. ~•ote 

... e "~0r­.. ,, 0 I r • 

0ar:ua ry. 

temr-erature for Bien iica on the 18tn is rclat~·.elj ·u._.~.l for 

. On the other ~an~ t~e ce~ p~int .of 61°F. a~d reiativ~ 

!·H .. 111L~ity of 50 percent appear tc indh:ate moderately dry r."'r,:~~ic~«3 .· 

-r.e 3.~::1osphere was ~ui.te.stable, however, ,.,;t~ a: Showaiter Incex ot 

+7.0 ~Y· 1400 LST at Tay ~inh. Earlier at Bie~ Hoa ~ ~6:C .s~o~Jlter 

. I r.ce:,.., to·gether \-.;; th the moisture ad vee t ion, confi T'riS tr.e enc: :: f a 

.,...3 nr., dry unstable oeri od which ·began on January 9 and cont i nueo th r~.:r;~ . 

the 17th, a~ruptly ending on the 18th. This can ~est be illust~ated 

with the vert:cal tim·e section of temoeratue minus dew. point c3t ~d/ ~~i1h 

shewn in Fioure 19~ Significant cooling and increases in m~isture are 

a~oarent at nea~ly ·al1 1~vels starting on the 17th and continuin~ trrcuqh 

the 24th. tt rained at ·Bien.Hoa en 5 days of this period anc 3 ~~;s a~ 

Tay Ninh (Figure 20)~ 

Based on the January· 18 RAOB at Tay .Ninh (1400 .LST) ti"e coP­

·,ec t fve condensation 1 eve 1 (CCL) at .13 ,000 feet ~~SL ~ re-det~rmi ned ~ 

. convectio~ temperature of 113°F. to est~bli$h a oood conve~cior. :olu~, 

(Figure 18c). With· a maxin~m afternoor:' temperat:Jre of 3·1.°F. lt Bien :--·· .. a 

~~us a 10°F. effective increase from good como.ust'on the nec.ess:::· ·~~ 0 :­

was comp 1 ete1 y out of the .question~ Tab 1 e 5 i ~d i cates· obs~r·.r~d wer: t.tie·· 

parameters at· ig~ition iime on the 18th. Diurnal variat~on c& ~~~~erat~re, 

dew. point and relative humidity o.n ·.January 18 are i 1lustrated fct SH · ·-·-: ·. 

~:: F i .-:~..re 21. 7empera tures. ~ecreasec;; r.pi dfy after 1500 LS T · ... i ~r. c·~ rr ~ 
·. . . ·. ' 

~or,oing 1nc,reases in reiative humidity. Of rr.ore s~gnific3nc.e. nc:. ever. 

·is.t~e ~radual rise in dew point·throughout the day--indicati~e 0: ~~e 

.r~c~st air advection aiready discu$sed. 
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Fi')ure 19.--Vertical time section of 1:e:;;perature mi'1:JS dew 
at iay Ninh Airport. 10-29 Jan·uary 1967. 
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relative humidity for Bien Hoa, 18 January 1957 . 
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Althou~n fuels were dry· (no rain had f()11er, for 6 day.s) ar:d the 

target had accumuiatt!d the prescribed 3 drying days, 1cw c·.ouds a~d a 

hi9, overcast limited solar ~eating significantly so· that~ cool ter.·r.­

erature and risinq dew point were enough to make the exoeriment a 

failure. 

The convection column reached its maximum height at 1454 LSI 

(TOT+ 45 minutes) and was ·estimated by aerial observers to be at 

4, COO r-~SL. This top was not detected b_y radar. Observet·s· noted that 

only a small portion of the northwest corner of the target was burning 

with any great amount of flaming. Assuming· the Tay Ninh RAOB as 

representative of the tar9Lt at 1400 LST ·tha~ small portion of fire was 

9enerating an ·equivalent temperature at the surface of aporoxi:nately 

S3°F., seven degrees of whi~h might be attributable to tne fire. ~tself. 

An inversion near 2,000 feet effectively suppressed the r~mainder of the 

fire. 

Although virga was observed between lOCO and 1100 LST over the 

target, no rain was .measured at the surface (Bien Hoa) until 1800 LST 

when .02 inch was recorded. Precipitat~on had beer ·forecast 24 ~aur~ 

prier to TOT. 

PINK ROSE II, AREA A, 28 JANUARY 1967 

-The second experiment ( carea "A 11
, Figure 13) was ignited at 1405 LS ~ 

January 28~ 1967 under nearly ideal. atmospheric condition~. Nor~hcast 

monsoonal flow· was well established. No precipit~tion had faller for 4 

days and fuel~ \'-Jere well conditioned by previous warm, dry days .. _.: .. iji~ 
. . . 

under the influence of ihe Siberian Yigh~ Fiq~re 22, the ta~~et ar£~ 

_
11 f:.." vJas exposed:to strong northeast monsoonal flo,·: from the gt~adicn'. 

w~nd level up to 300 millibars, Figure 23. A strong anti cy~ 1 f~:~~-:s . u, ........ --
-50- sis .. , 

'pp r 

. . . _., 
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Fiaure 22.--Surface pressure an<tiysis ard nr~die:1~.·."i:--.d 1evc1 st:-,_::<·:r._­
analysis, OOZ (ORL), 2R Janudry 1957. 
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lt 
~c:cj:-.: over t~.t :-.orth In.do-~r.-·nese penins:.;la c~ January 2.7 a,j ,d. 

~ ... ·~~ -·~·.-.cs~~ere .·.as :'!10derate:1y -~"·Stat:.1e at TOT due o~i~Jrily ._'.) (';..r;a:e 

~ea~ir.·; and dry air aloft. Thin ·clouds are aopa'"t:"t in ~ .. 1,:11.1s '. 

~~-~tcs for January 27, Figure ~4. 

Target '"A" was 1ocated about 25 stat:;te ~i~.e:i r:.:-::.he:.l:;! ot ·_. 

~,~,~ ....-nich was tr.~ n·earest: regu.iarly r~~or.ti:"g ~,;pper.;a~r .stat1or. 

';c~; !".~ Table 4 _ano Figure 20, _January 28 ·was one of the .better :ay~ t~ 

· cor.duct a burnir.g operatton. At Bien Hoa, t~oeratures at 1400 LSi 

"'a~ !:>een increasing and humidities had been decreasing dai.iy sin_ce 

January 24. Tay Ninn continued to be quite warm .a1t~o~gh S'Jr'le.whca~ 

~ore variable.· ·Dew ooint and humidity cortinued to drco after ta~ce! 

ignition to rnini1"1u.rr. values ··of 66°F. and 46 percent while surface te--:­

erature remained at 90°F (Figure 25). · Table 6 indicates weather oara­

-eters at TOT for Ta_y Ni nh and Bien Hoa. A 1 though the ana 1 ys is in 

·;;'"lure 19 indicates January 28 to be at the end of a dry period ~-~ ,; i-: .. 

in :r.agr.itude_to the period ending January 17 a,d 18 t~ere ~~-~~~~ -;~~J~·:::'!: 

difference between the two. 

. , • ~0- .. : .. ~-
S~.; rface te~:>era tures are near, y i l.i r •. n1 g r;er en tne ': tP"' af"'d 

Also a s~ability i~dex of'+4.5 on the 28th indicates a re1.ati~e1! 

~t~osohere. The C:L at Tay Ninh·at 120~ ~ST o~· the 28th (Figu~e 25) 

was at 9,400 MSL. A surface t~~erture. of 107°F. was· recuired to eitat,i·:·. 

a g0~d con~ect ion co 1 umn. With a surface temperat .. re of S0°F. tl1i ~ wa ':.·· 

r~~r~y ho~eless to achieve even with .the estimated 10°F. ass:s: ~r:~ 

'!~Od comoustion. At 1413 ~ne s~o'ke layer was at cloud base (TO"!' ~·. 8 

Ar. inversion base at 5,600 feet MSL (~igure 
, ~. 
... o .. 

~1:· -easu~ej i:oud tops over target ~nd_ vicinity. Aerial obser\~rs 

est~r.ated column height at 9·,ooo feet MSL. Radar _at ic~ SDn ~;~t~h-:_l· :·.·~-· ·.- .~,_) · 
. .. .. ·;· .. ·-··-· ._.., . 
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Figure 24.~-Nimbus II_ satellite photograch for 0450 Z (1250L)~--· 
27 January 1967. . . .,. 
NOTE:. Clouds are black~ clea.r areas are white. .. 
-- , .•.. t·~ .. . 
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HOURS (Local Ti~~.e). ·. . Hr' ~---···· .. , .. 
Figure 25.--0iurnal variation of te~pe,.atJre, de·.·/ t'Oif'lt u~~t: ... !:· .. _.. ·. 

relative hu~idity for Tay Hinh, 28 ~anJ~~~ 19~7 .. 
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TASLE 6. WEATHER OBSERVATIONS, J.~90 .LST, 28 JANl.'f~RY 1 ~67 
~ .. ·: -''·~·1{·'··>~' . 

7eG~~erature 

·oe'v Point 

Rel~tive Humidity 

Sky· Cond i ~ion 

~ :c>·; 1 i ty Index 

Prec1oitation 

Days since Precipitation 

Dryi ~q Days 

Precipitable Water 

Bier. Hoa 

45% 

2s<D1-<D. 

0 

4 days 

Tay Ni.nh. 

9·;°F 

68~F 

48% 

40<D/a:> 

+4.~ 5 

0 

· 4 days to·s'OO"C) 

3 + { : 0 2 on 1 I 2 3 I 6 ~ ) 3 + ( . 16 · on ·1/2'3 / 6 7 · 
(Ton Son Nhut .25 o~ 
1123167) . 

3.38 ern. (080CL~ 

. -ss.: 
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a~roort measured an echo heigrt of 10,000 f~·et ~~SL. ee:1::-, width i~ 

the ~ost li~e1j explanation for :he difference in v~lues. t ~erie~ cf 

radar photos i11 us.trates ·the fire image un the. r<H I and ~?I scor;es of 

the CPS-9 ~~ather Radar (Fi~ure 27). The 9,000 foot tG? i~dicat~~ ar 

effective te~?erature of· 105°F. was achiev~a in.~ sma11 part ot t~e 

. fire. Maximum h~ight occurred at 1445 LST (70T + 40 minutes) ard 

coincides with the period of most intense burning activity. hcwever, 

1~ ~inutes later at 1457 LST the radar top had decreased to 8,COO feet 

a~d tontinued to decrease raptdly. as did the burning activity. 

PI~K ROSE III, AREA 8, 4 April 1967 

Area "8 11 (Figure 13) was ignited at 1400 LST, April 4, 1967 :..~Jet 

fa~rly good atmospheric conditions in spite of the cloud cover pres~r.t 

ai TOT. A low layer of clouds ~xisted at 3,500 feet ~SL, alo~g w~tn an 

overcast of unmeasured height, but which was estimated to be 7,ona fe~: 
MSL until after 1300 LST. This cloud cover prevented early evaoora~1c~ 

of dew in the general target area. Although the relative hurr.idity 

dropped to 51 ~ertent at 1300 LST and was estim~ted to be ~5 ;er~ent 

a: T07, tr,ere was very litt~e drying time available to prope.,.iy c·jn-

di ti on fuels. 

·The upper-air strea.mline charts (Figures 28-33) from the p~;~.;:.:_j 

· March 3i , 1967 through April 5, 1967 were ·typical of the end of the 
. . 

strong northeast monsoon and its subsequ~nt breakdown prio·r to. th.e o;~-

set of the southwest monsoon. A low pressure. center over north~::r·n 

I r.do China was a 1 ready apparent from the surface through the 850 mi i 1i bar 

level, and accounted for the southwesterly fiow over the sotJth;~rn h:1: f 

')+South 'Jietnam. ·This southwesterly flow was supported by ar.tic.J..:·::,n:: 
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DATE: 28· Jan 1967 
.. AZIW,T:;~: 3!.5° 
HORIZONTAL SCALE: PI :12:: :.E~;-;:_-;:: _ 

L,\':'E: 26 ... ·an 1967 TI~·E: 1L. :.c ::..::':'. 
:~~: Of~ SCA~E.(F~I): 7~ ni. 
?u.l.·t:: LSrG7H: Lew 
~:L:C:V f..TT •):l A!·:G;:..f: . ;:/' 

·-:· 

f.if;~re ~7.- ... r.F.S.-9 ·..-e'lt~t~r rs.dar photog.raphs ·.~:! ... ··• 

showi!lf.: e~hos o~ target area "A". 
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25 Zan :)·57 TIME: 1.440 LST 
S~f 8.r:A.S (??:) 75 ::i . 

.. - - :=.1;1}!!-i : !..0\1/ 

;:·:.=~:.!.:: -~:: A..1\3LE: .. . 
:<.!l:::ge ::18.!"' t.•..:!"' 

:..~:E: 28 Jan 1967 TIME: 1445 LST 
;.~: '.';TJ':'H : 34 5° 
~ -~·?.-! :ON':'AL SCALE: . 75 · mi ~ 
!-..:-:::AP.r.,.3: To~s of e~hc at 9000 ft. 

?!~~re 21.-- Continued 
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DA':'!-:: , : ~! :". . ,. . 

?'.::...~~·:.: . :.·t· ~- ~: . 

EL~·,:r,-·: .-:: 
RF~.Fr:.~ · ;...;. , 

PU~;E :.:::: ~~-:~: ~,.:~· 

ELl:~'; ;.~T:-~ ~: A?:-;~:-- : /::J 

. _,._-______ ....... 
~-­~----,_ .. 

(.)t ...... ; . 
. ... ,i. 
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:,,_;~;·;;·:t:,·f<;7::):·~ . 

.,.,,·:-;~:\ .i 

·.,~·_):::':;<;.:,4: 
. : ·:: ,~ :: · ~t· ~~~~~.~:,:NP:;~· 

tAT'£: 28 Jan 1967 TIME: .1455 LST 
S':'C: Off SCALE ·( PPI): 75· :!li. 
PULSE LE~GTH: Lcng 
EI.EVATION ANGLE: 2° 0 
RDtARK3: Range :narker 342 /57 st. mi. 

DATE: 28 Jan 1967 TlME: 
STC: . Off ·SCALE (PPl): 

1503 LST 
75 mi. 

PULSE L...~G'!'H: Long 
ELEVATION ANGLE: 2° 
REMARYS: Range marker 342°/57-st.· mi. 

Figu~e 27.--Continued 
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DATE: 28 Jan 1967 ~I~; 1457 LST 
AZI!-ruTH: . 34L

0 

HORIZONTAL SCALE: 75 ~i. 
RmARKS: Tops of ec'h~ 8750 ft. 

DATE.: 28 Jan 1967. TIME: 1512 i.S? 
. STC:. Off. SCALE (PPI): 75 mi·. 

PULSE LE!mTH : · Lo~ 
E:U..'"VATION ANGLE: 2 
FEMARKS: Range tr.a.!'"ker 342°/57 st. mi. 

.. • ., .... .C. ~ • • • ... -\ . >-·..:,.··.---... 111111111"~'· .. :~~ \ ; ... . . · . ..-..-- ¥/· ·~ ~ ~~ . '.· . ' . - . . .. ~ . 

..... 
. ·;.: 

..... 

. ...... 

. -:.,:. 

,:,· .. ,... ·, 
....... 

· ....... ;, . 
. ~: ,:.;.;,, 

. .._ ... 



:C·A7E: C:S Jan 1967 TI!,~: 1520 LST 
STC.: 0:':"· ~CALE (PFJ )'. 7(5 r.:. 
!'ULSE U:NGTH: ::.on'7('\ 
EIE\'A':'IO~~ A:;GLE: ·2- · 
F,;-~.~.P.:r:s: Expan:iable ~ ·:~c:::c, 

<de 31.2°/57 mi. 

DA'~E: 

: 

DA':'E: .-~.j .; ~-n 1 ;;67 Trt!E: 1 ~ ::­
.B':'C: ~'i··~· 3CAIE (?FI) 75 ~:~~-· 
F·.!"L~? :.Js::·~:-E: Lor4~. 

EI.EVA':'IC::; A.KGLE·: .2'"' 

;/ -·· 

HCFIZCNTAL :-3CA:E: 75 st. :r.: .. 
AZ::.I·fJTH: 344 ° 
RE·~KS: Tops ':.f echo at 5C::·•) :'t. , 

Figur~ 27.--C~ntinued _ ... 
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S~tc;c::-.i ir,e flow-.· ~ro:-:- a ·center iOcated just ~if tr.e: s·outh. V_ietr,ar1ase· 
' 

cj~~:. ~~ic~ at tim~s during th~ ;eriod Apri1 ~-5, 1967 -~~i locate~ as 

f3r e~st ~~ t~e F!",~llioines. The twO· flows c~:.:5ec t!".e .de.velo~:.~e-r.t: of 

~~oist:.ore v:as no:=o ot:-.er t-har: fog at-:nany stat~cr.s· "i,n_Sc..-tr. V~et"'~.~-. 

:·1 the ~crni ns:::. Jf April 2, 4, and 5 ~ Fog .; s of no ~urori se. s i r,ce tne 

.ter.::cratu!"e-c!ew coi nt spread was as low as 3~4°F.·. at·· 0600 LST ... Hcv~ever ,-

:~~re was ~~ fog in the target area 6n t~e ~Jrn~ng o~ Apri1 ! 

~re ao?!ren~ ~~ Si~ous- II photo prior to TOT,. ~igure. 3'~ 

F·lo·~·at 700 millibars and above was gtnera1l/.nor.•)'le~s-='=··1J ... -~t;. 

~~~center of a fair.iy intense anticyclo~.e. locate.d_ ever- T'ha~~ar.d, ~~":~.a 

ana Laos. Figure JS shews _the ~~Y ~inh RA0S.for G'~OZ ~:2:0 ~~T). -~j: 

~i~h is 16cated about 10 miles south of the targe~ a~1 ~~~ ~e c0~~i~c­

as re~resentative of the tar~et area. this ~ounding i~dic3t~~ a 

\Convective Cc~oensation Lev~l) of·2,300 ~eet a~~ ~.L~C :~ ;--~~ ~ 

A cor.·n:ctive te"!'perature of 99°F. was ne:arJy ac,i_e· .. ~d tet· ... ..; . .-.·i:~~·-:1:_:· 

·to es~ablish_a ~ubstant~al convect1on :ql~mn to 20,~GJ ~e~: 'r h:~ner; 

~fter 70~ a cumulus cloud over ~he fire area develo~e~ !~ ;r e~~=~~:ci~ 

~rovide an equ~vclt:r.t su.rface _temperature boost of a: 1.:~s: 
-·J~ ,· 

; -, r ~ 

"C" and 

r- ~ 
. \'• • r-• 

. ~-.. :~.:' .. 
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Figure 34·. --Nimbus I I ohotoQral'l'h. ~');. 04357 ~( 12l~L' 4 
Note: Clouds are blad ~· c·lear dreas are 
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. - ",.. . . .. . . -. t _i .. _~" • Tl.. c::.' l"t . I d .• t . t "8" :: -~ • l· •.:. C·~er ... ;!t~?:"'.. . ... . r;e -:"OWa .. er . n ·ex :()Ver ar;e 'tl3$ 

-·· .~.--.~l":<~A":~~- .L~- dE·:re~.>~----~~- :.c .. s.a: 1ROO LST tr;g:.Jre 35~·. 

:it. ·· :.i \ .. ~.;;;c: • .~ s i zq r t~e cb ~vect i Ve co 1 unr., ora•;" d ·~~: ·-
·- ~', ":~·.-'.:. · ...... -~r- ~,:-~c ~ \'"(', 3t i vely ~a·ar.···bur~ o-c·c~,;r.r~d.. Co· .. ~ r::·1~r 
•• • ·~ • .:.·.~.~~ .. : . •. • : .~.- •• ... • I,. • 

. . 

::~:: .. cj:J·.,· f:.;els ·to. absorb moisture ~hich .was not evac:orated betweer. 

:·.~·--J_~·t'7 ~·:i--3 t~-:p when c:oud cov~r \ .. .-ould normally be ex?ec~ed to 
~- . ~ . 

.:i· 

..:::.·;::::··_w·~i:·~~':." ~s ~,:u~trated by ~a~~y..weather ot-servations a: Bier:--­

~:··.:. ~.>< r~;::"r .. frorn. i.Dri.l i .. s, 19~·7 ·(Fi.gure 37 and Table 7). 

Ctt_'i_~.i"d-=ring ~he meteo~o~·ogical conditions at. TOT it would seem·:""··~. 

1 -~ -; ~ i t?};~..~f fwe i . conditions, the- ener_gy developed in the. fire (due to ·: ;...= 

ir.r:rt:ased..:~e~sity: 6• . .-incendiariesf wa~ enough to force the corvect+on 
-. 

~-nergy from the. condessati on ~roces·s oe_nni tted t~e cent; r!ued growth r: i 

J cu· .u l us·. c 1 oud above. the convection column fror.,. t~e fire. A c 1 oud 
. . . 

rea~"'lin9 the es~i~ated hei_ght of 50,000 feet would probab1y ca~se 

pre~;o+iat~on an~ could accou~t for the standing water obse~ved by t~e 

gr6und reconnaissance team the morntng after the burn. 

-13· . . ... -- "' 
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Figure 37.·-Temperature, dew coint,··re1ative ~umidity ana cl~~d~ at 
Bien Hoa and Tay ~inh for 1~5 April 1967. 
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iABLE 7. WEATkER-OBSERVAiiONS AT BIEN HOA ~~~fAY MINH 

OF OF s 
~emp 7d R. H. ?CPN Sky Cond1t1on Stabi 11 t~~ 

~ate ~ lL.E!i ~ ~- TN BH T~ BH .. .. •• •• - •• 35a:> ·, f.;Jr 67 95 90 68 72 42 56 E30®/® . • • to<D JS<D Z Apr 67 99 91 68 70 37 51 

3 ~:Jr 67 97 91 70 72 42 54 35<D 30<D;@ .•. •• •• •• n •• 
35(l)U$ 2o<DE700/e • •• 4 Apr 67 93 90 72 75 62 •1.5 

· 5. Apr. 67 93 91 72 70 51 51 loa:> eo«> 1-e E2SQ»/C . 

~bservations at 1400 LST exce2t as 
-r)QO LST1 **1300LSTi ***l200LST 

1nd1ca_t!fl 

.. ---·· __ ....... __ _ 
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+: :a .. (: ~ ace ·s1~w~2" eno~?" ~or trend forecasts :o ~e MadE :::s~: .. 

s·::; e · ., _;~"' cool advect~on a~ c·~ t and 7ow-leve1 moisture, wh i c ~ · toget~t:.r 

;.r:: (Or:·jJ::;' · to shcwer activity. F"or operational work similar to that 

cf •r~ Pink oose eioerinents it would appear that such infor~~tion co~~~ 

~~ neloful in plann~ng ooerations. 
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HELFMAN P~OJECT EMOTE ~-: ~' IBLOR --.JGB. JOOUO< 

~YSTtM, INCLUDING IOC~ 

fiLl: .BtuCI( ORICIN 

~UM~ER OF FlLCS -

1. ~.Ftjt~ 

·z. S.Ft'H.iU 

OBJECT PROGRAM 

l. DECK 
2. OECI( 
). 
4. 
s. 

DECK 
DECK 
OtCK 

6. SUBR 
7. ·.S.UBR 
8 •. 
9 •. 

10. 
11. 
12. 

1·4. 
15. 
16. 
17. 
18. 

•).9. 
lC. 
21. 

SUBR 
SUBR 
SUj~ 

SUBR 
. SUBR 
SUrlK 
SUSR 
SUBR 
SUB~ 

SUBR 
SUBR 
SUBR 
SUBK 
SU8K 

- e.·~COOE-
-DECOOE-
-CHRTAB-
-CHR.l~S-

-STf<I~G-
-INSYFB-
-OUSYFB-
-PuSTX -
-Cr~~TNT-
-FC5 
~Foo 

-IUS 
-Rwij 
-R~D 

-ACV 
-HCV 
-XCV 
-Tf'1TA~R-
-FPT 
-xer--
-X1T 

M E M 0 K Y 

·z. 

• 

• 

1222o 
'12251 

122 7<t 
12474 
12640 
12740 
13022 
13102 

.13141 
13172 
13311 
13321 
13322 
13323 
13601 
l42i3 
14721 
14 751 
15054 
15072 
15 24j 
15631 
1.6042 

(• • l~SERTIONS OR DELETlO~S MADE IN THIS DECK) 

INPJT - O~T~UT bJffERS.· 

UNUS~·o CORE 

OBJECT ~~~GRAK IS BEING ENTE~ED INTO STORAGE • 

. EMOTE STAflON INDEX 

~[AGJN, SOUTH VIETNA~ 
l~GRF332QKLlBIFQC~ 

~OCTRANG,· SOUTH JIETNAM 
;2~~~~~F32QKLlBIFQCK 

~rlAT~ANG, SOUTH VIETNAM 
lfQKKJGF32QKLZBlF~C~ 

. --:_r:IKLJ, SQuTit V~tT\~~ 
. : :..--. :·jL·..;...:LZ~ ~ F·~(.:" . ~.-.... -

48913 
o~ceq 

48877 
bOOYY 

486bb 
1--.-: , .. ;7 7 

00000 THR~ 12217 

12226 

12274 THRU lo043 

1 7 0 b 7 T. H R t..; . 7 l 7 7 ~: 

16044 .T~R~ . 710~2 

.. ) . ' , . . fa . " ••.•.• 
~ . :·! . '. . '. •· : : 

• I i • •J ' .. 
: ... - .. 



TAVOY, BURMA 
R03LVNJKRC 

MANDALAY, 'BURJIIIA 
CFRR~RHVNJKRC .z-'~ . . . . · . . ' ·, u . 
KENGTUNG, BURMA 
TFBOGFKVGJKRC 

· VICTORIA POINT~ BURMA 
. (LQUJ3RI3SFIVQJKRC 

SANI)OWAY. BURMA 
·zFRlWRD~NJKRC 

· THARRAWADOY, BURMA 
lOJRRJROWWVNJKRC . 

BASSEJN, BURMA 
RV221 BVFJK.RC 

.~INGALADON, BURMA 
CF I.RGRH3WVFJKRC 

AKYAB, BURMA 
lRRNVVJKRC 

SONGKH~A, THAILAND 
l2GFZTRHZQIR~~WF 

BAN DON, THAILAND 
RVWFF3ZOIRRHWF 

PHUKET AIRPORT, THAILAND 
SKZBTRQJI3SQJZQIRRHWF. 

RANONGt THAILAND 
KJ3FGFZQIRRHWF 

CHUMPHON, THAILAND 
. ZUCKZSF3Z01RRHWF 

P~ACHUAP KHIRIKHAN~ THAILAND 
SRJZURKTSIZIJZTFRZQIR~HWF 

MAE SARIANG,. THAILAND 
~C2BJRRIGFZQIRRHWF. 

PHlTSANULOKt THAILAND 
S~Z2QFRHKT3ZQIRRHWF 

SATTAMIP. THAILAND 
A2QQCRSIZQIRRHWF 

SURIN, THAILAND 
2JKFIZOIRRHWF 

Sl THAMMARAT, THAILAND 
2QIRZCCJRQRZQ1RRHWF 

CHIANGRAI,· THAILAND 
-86-

~8108 
69004 

48042 
64016 

48060 
64047 

4eoao • 
61t040 

48088 
~4000 

.48094. 
61t06~ 

48096 
61t075 . 

480621 
64017 

48568 
60C07 

48551 
60090 

48565 
60007 

4t'532 
60018 

48517 
600Y9 

48500 
60044 

48325 
68001 

48378 
•enov 

··48477 
660YY 

4c34'32 
6~018 

lt8552 
60010 
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·~~-J 

-, 
.... ~J 



RTS'-.J3r JYCW3Rl 

~ATTAMBA~G• CA~BJDIA 
~VQQC~~V~FRu~CW3~1 

K RAKOR, :CAM SOn I A . 
JTTRJ3RJVCW3Ri 

SIE~REAP, CAMBODIA 
12Cd8JSRR.UVCW3R I 

KJMPLI.'4u CMA~, CAMtHJOlA 
TC33SGFZJC~~UVCW3Rl 

PHNOMPE~H, CA~&OOIA 
SFZC3BSZFRUVCM3Rt 

PAI<.SE, LADS 
STR62RH23 

LUANG PRABA~G, LAOS 
I(.Hf~SGRJRvGFRH23 

Vlc~TlANE, LAOS 
LBIQFR18FRH23 

~ENO, LAOS 
B23FRH23 

~HON-KAEN, THAILAN~ 
T3Z-FRTFbZQl~~HWF 

UOORN, THAILA~D 
1(.3~FJZQlRRHwF 

NAKHON-SAWAO, THAllA~O 
KFZfF32-0RWRZQ1RkHwF 

uB0:'-4, THAILAND 
Vt\F3ZQIRRHWF 

NAKHON-~ATCHASIMA, THAILAND 
PTR3l-FRJUQRZ12RCZQIRRHWF 

BA~GKOK, TH4tLANO 
vFRTGT3ZCIRRHNF 

~ELLESLEYt MALAYA 
DtiJBHH2No~CRHRN 

~ALACCA, MALAYA 
C rlRURRU~CKHR.~ 

Pci\ANG, MALAYA 
:)~RFGFRCRHRN . 

.'-1 C ! K T ll A , 8 UK~ A . 
C.lf.:JTHli/RJKRC 

Lt.':.rli-:,! .s,;R~.\ 
. ·. - · ... ~ - -" . :, t\.: 

-
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65000 

48q62 
65ul7 

489o8 
65007 

48966 
65077 

48995 
65CQ·j 

48991 
6'5095 

48q5') 
65000 

lt8q)Q . ,; . 

65048 . _.·. 

48940 
61)046 

.. 
48948 
65C06 ··'!. 

. ..... : :~ -·~:! ..... 

48381 
68090 

48354 
68060 

48400 
66C44 

48407 
660Y4 

48431. 
66098 

48455 
6'6000 

48602 
67014 • : ~ • 0 

486b~· 
67C07 

48601 
6 7094 . 

48053 
64080 

.~tao.;~ .. 
~i,~ ~ ·.J 



. -- -·-·-- ------

OANANG, SOUTH VIETNAM 
RWRFGF32QKLZBIFQCR 

HUE, SOUTH VIETNAM 
Z8K32QKLZBIFQCR 

.. 
QUI-NHON, SOUTH ~IETNAM 
KA-IZFF332QKLZSIFQCR 

RACH-GIA, SOUTH VIETNAM 
RJZUG~RI32QKLZBIFQCR 

BAOLOC, SOUTH VIETNAM 
'RVH3U332QKLZBIFQCR 

OJIRING, SOUTH ~lETNAM 
WlEIJGF32QKLZBlFQCR 

OALAT, SOUTH VIETNAM 
WHRQR32QKLZ81FQCR 

QUANGTRI, SOUTH VIE~NAM · 
KAFRQGIJ32QKLZBIFQCR 

BAN ME THUOT, SOUTH ~lETNAM 
RVCFQBKZQ332Q~LZ81FQCR 

8AC KAN, NORTH VIETNAM 
RVTUFR3FQJLZ81FQCR 

CAO BANG, NORTH VIETNAM 
U3RRVGF3FQJLZ81FQCR 

THANH HOA, NORTH VIETNAM 
ZQFRZZR33FQJLZ91FQCR 

MONCAY, NORTH VIETNAM 
3CUFN.3FQJLL81FQCR 

THAI NGYEN, NORTH ~IETNAM 
QRZFINGF83FQJLZ81FQCR 

LANGSON, NORTH VIETNAM 
HFR2GF33FQJLZ81FQCR 

VI~H, NORTH VIETNAM 
ILZF3FQJLZBIFQCR 

HANOI, l'f,lRTH ~I ETNAM 
. ZFRI33FQJLZBIFQtR 

CHAPA, NORTH VIETNAM 
URZ~S3FQJLZ81FQCR 

STUNGTRENG, CAMBODIA 
Q2FKQG8JGFRUVCW3Rl ~-. .-. --- : 

. . \&· _::: 
SVAY RlENG, CAMBODIA 
2RLJN81 GFRU~Cw 3R I 

KAMPOT, CAMBODIA 

,_ . 
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48855 
6COOO 

48852 
60010 

48870 
6004Y 

48907. 
650Y4 
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