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Abstract

In the central and southern parts of Taiwan, China, rainfall normally concentrates
in the period from June to September, leaving the other months dry or even a little bit
drought. The first author studied the success possibility of cloud seeding over there to
augment rainfall but with no affirmative conclusion due to insufficiency of data.

For further study. data of surface observation concerning clouds from Juue 1970 to Sep-
tember 1971 have been investigated. It is found that frequencies and amounts of convective
clouds were high enough for seeding purpose.

3 days in April and 7 days in May., 1973 were selected for case study. Analyses of surface
observation data, forenoon satellite pictures, routine 0000Z (0800 LST) soundings and additional
0600 Z (1400 LST) soundings and radar cloud photos and the results of the SSL model
calculations show that :

1. Cloud-seeding may be conducted with success in 5 days in May.

2. 0000Z sounding may be used to make nearly as good operation decision in case there
is no computer available and no 0600Z sounding. .

3. Cumulus cloud seeding should be taken place in early afternjon and the optinum
radius of cloud for seeding is 2 km. '

It is suggested that pyrotechnic seeding agents be fired into target areas of clouds by
very pistal on aircraft and that mission control center is either in Taipei or Ching Chuan
Kuang, using the latter as air base.
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Table 2 The Frequncy of Cumulus over the Central and Southern Parts of Taiwan
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Table 3 The m,nmnco:ow of Cumulonimbus over the Central and Southern Parts of Taiwan
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Table 1. The Cloud Condition of Stations in the Central and Southern Parts of Talwan, 0800Z, Oct. 1970
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Fig. 2A The Amount and Frequency of Cumulo-Type-low-Clouds over the Central and Sout-

hern Parts of Taiwan, at 0800 from Oct. 1970 to May, 1971.
A= A

it N

7
of §
1K) "%
,-}0\ 3
. \ .
5 5t's\
. 4
Rl ¥
¥ /\
5 \ < [f
A L
N
5 : Tae/3 &5
Sk '
% |
Ale ]
I
PP
Sz
~N°
i Io V i
’ R
Cu 2 :‘.'
- ,
/r}
J %“h jo 11 12 /ﬂf 345
—— A ——
e | i/o A I-Az Bj- ———eE L
« { .
‘\ & T §
20 13 2‘,\/“’\/g |
N . e 8
K TENE / ; 5
& 20 6 .
» ‘ % '
:oka‘ 5 d
c | 3 ¥
® -
y A—i 5 ) : ! .
. \ /\\ . /) I . % s
| - Aca 3 N —~
| , | ’ S ™2 .
SR e TR ¥ -
st ' g l
: \ y ! ')(Ei_)—-—-——d‘
! ; : e iz ig? 3¢5 :

N N NTYVEERE: T



¥

— 109 —

EEO R ETESOT 10 604 5 A 1100B BUR S .2 = E T Bl A I
Fig. 2B The Amount and Frequency of Cumulo-Type-Low-Clouds over the Central and Southern
Parts of Taiwan, at 1100 from Oct., 1970 to May, 1971,
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Fig. 2C The Amount and Frequency of Cumulo-Type-Low-Clouds over the Central and Sout-
hern Parts of Taiwan, at 1400 from Oct., 1970 to May, 1971.

wr, 3
’ %;m AN A, fo il 12, /ﬂz 3 4
A N
st T /‘-,\ il —
A SR
IR ,o'\;'/ 7% Ea 31’5 . $
1 | K oo
i
T
§.
i B ¢ 2t
! . )
BR 5 set- 5
y » % 20 I3
5
? g
. W . ¥ 4{
’ / i —~ :.
/\v/&\‘/ 2 :
42 oz g2 34 R
e : i A N .
‘CL\\.\ o ] _
oIl IgE v4E ‘ , 1o 1t /212}4.»

<



— 111 —

W T HIE 59410 2604 5 F 170085 5Tk B E R R BB R
Fig. 2D The Amount and Frequency of Cumulo-Type-Low-Clouds over the Central and
Southern Parts of Taiwan, at 1700 from Oct, 1970 to May, 1971.
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Table 4 Rainfall amounts comparision between the months of study and the normals of the 6

stations in the Region
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Fig.3 Surface Observations at 1400 in the Ten Days of the 7 stations in the Region -
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Fig. 4A Cumulo-Type-Cloud Conditions of the 7 stations in the Region
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Fig. 4B Clmulo-Type Cloud Base Ho ights of the 7 Stations in the Region
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Table 5 The Variation of Clondiness of the Central and Southern Parts of Teiwan shown from
Rador Photos of CCK
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4.10| A | 165 | 45 | FELHSFLE 0609 | 1409 | 4.0 20000; g
A | 165| 45 | » p 0618 | 1418 | 4.0| 20000 w0
A | 165| 50 | BEILILE 0627 | 1427 | 5.8 | 22000 B
- 5]
A | 165|481 » » 0635 | 1435 | 5.8 | 23000 oo
A | 1655 | » o« 0643 | 1443 | 7.5| 23000 1;3 =
Al 165] 5 | » » 0650 | 1450 | 7.5 |* 24000 ”
A | 165 | 55 | maBALILE 0656 | 1456 | 8.3{ 24000 i
A | 1655 | » & 0703 | 1503 | 8.3 | 25000 ———
420 A | 187 0607 | 1407 | 45.0| 23000 .
A | 187 | 4 | mammdcsne 0612 | 1412 | 45.0| 23000 s
A | 187 0620 | 1420 | 45.0| 32000 -
S -250
A | 187 0628 | 1428 |45.0 | 30000 ———
- -300
A | 187 0638 | 1438 |45.0 | 27000 F——
o . 250
A | 187 0650 | 1450 | 45.0 | 30000
4.26 ) A | 171 35 | wEEAEREHFILM 0607 | 1407 | 34.0 | 28000 0.0
A 171 0614 1414 | 34.0 | 28000 ‘*a)‘—
Al 17| 24 | samssissTs 0621 | 1421 |34.0| 28000 e
A | 171 50 _ 0628 | 1428 | 33.0 | 30000 | — -~
A | 171 | 48 | pyHLHITILES | 0835 | 1435 |33.0| 28000 | oo
A |1 ] 0642 | 1442 |34.0| 28000 ¢ o
A | 171 0648 | 1448 | 34.0 | 28000 ‘_1&3’
A | 171 0654 | 1454 |34.0| 29000 | .o
A 171 0700 | 15.00 |34.0| 30000 |
B 340 | 110 | skEwEdLHE - 0714 | 15,14 [108.0 | 60000 375 N
| B | 340 | 110 0720 | 15.20 | 1080 | 63000
5.4 | A | 179| 50 | =i 06Ll | 1411 | 40.0| 22000 | "
S h_A_dﬂ'_iO‘ EREBMT 0617 | 14.17 | 40.0| 23000 |~ "
' A | 179 | 40 v 0624 -| 1424° | 40.0 | 23000 ——33“3"
5 40.0 :
Al 179 451 » &4 0630 | 1430 | y2'g | 25000 | ——
A | 179 0636 | 1436 | 400 | 26000 ( 167
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Al 19| 45 | o6tz | 14.42 | 50-0| 26000 0.0
A | 179 0648 | 14.48 | 500 | 27000 2;
Al 179 0654 | 1454 | 00| 27000 —
Al 179 0700 | 15.00 | 200 | 27000 |——
5.8 | A | 226| 70 | EFAFESIE 0608 | 1408 | 71.0 | 30000 ————
Al ol 65| # & 0615 | 14.15 | 69.0 | 28000 239
Al gl 65 # & 0622 | 14.22|62.0| 28000 —20
A | 9| 65 | » 0628 | 1428 | 60.0| 27000 |57
| A | 221| 60 | ~» ” 0635 | 14.35 | 60.0 | 26000 ——22_
A | 21| 60| » # 0641 | 14.41|58.0| 24000 —2% _
___LE 55 | FEVEAIEE 0648 | 14.48 | 56.0 | 25000 42
Ao 0655 | 1456 | 56.0 | 23000 —220_
| B | 226 | 30 | KTEHEELR 0608 | 1408 |17.0| 22000 ———
| B | 226] 30 | _~# VA 0615 | 1415 |16.0 | 23000 —22
| B || 30| s | o622 | 1422 | 14.0 [ 22000 |42
B | o[ 30| #» _# 0628 | 1428 | 15.0 | 22000 |20
5.14| A' | 1g5 | 60 | FEHKEFR 0600 | 1409 |55.0 | 25000 ———
| A ggg] 50 ) 0609 | 1400 | 44.0 | 23000
| A 1ge | 45! 0609 | 1409 | 38.0 | 20000 ———
A | 12 o615 | 14.15| 50-9| 32000 | %7
A [Tl 0621 | 1421 | 40,0| 4200 |20
A | 1 0628 | 1428 | 43.0| 28000 =271
A | 18| 45 | mHmEER 0634 | 1434 | 43.0| 30000 |—>32
A | | 45| v 0640 | 1440 | 43.0 | 40000 |- 1667
A s 45 s 0646 | 1446 | 48.0 | 41000 | 167
A 17| 45| »  # 0652 | 1452 | 42.0 | 42000 |17
A | 176 | 5 | 0652 | 1452 | 38.0 | 40000 | 167
A 17| 4 v » 0658 | 1458 | 38.0 | 43000 ———
516, | 1 | EHE —_—
522, | | REEN
5:25| A | 185 ) - 0608 | 1408 |55 | 80000
________ A 8 0608 | 1408 |63 | 30000 [ o0
B | 178 60 | dpEsmCLieE 0615 | 1415 | o0 | 40000 —=
'B | 78| 60 | # 4 0630 | 1430 | 38-01 42000
- -0 000 | 266
B | 78] 60 0645 | 14.45 | 51.0
B | 18| e0 | 0645 | 14.45 | 93.0 | 26000
B | 180 | 90 | BRFEHKILE 0653 | 1453 | 53.0 | 40000 | ——
B, ' 180! 90 | # 0653 | 1453 |92.0 | 50000
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Fig. 6a. Satellite Photo of The Weather Central, CAF
Receiving Time: 10:15 to 10:45, April 10, 1973
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| HEAb ZeEEEROMEEA  BOKRER - 48205138
Fig. 6b. Satellite Photo of The Weather Central, CAF 21hr, April 20, 1973

WA ¢ ZeRR Gk LT BBV < 5 A8 138
Fig. 6c Satellite Photo of The Weather Central, CAF 13hr, May 8, 1973

$

MEAd ZEREHOHEBR W REfE] -- 5 514 B 10: 2505 210: 45
Fig. 6d Satellite Photo of The Weather Central, CAF Receiving Time: 10:25 to 10:45, May 14, 1973
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WEAe ZHEIKFHOLHEEH FEYemE 0 5516 10:10/2£10: 30
Fig. Be Satellite Photo of The Weather Central, CAF Receiving Time: 10:10 to
10:30, May 16, 1973 '

MBS RERKPOREREA B WERT 0 5 522H 10:10%5310:30
Fig. 6f. Satellite Photo of The Weather Central, CAF Receiving Time:
10:10 to 10:30 May 22, 1973
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Fig. 7a. Tung-Kong April 10, 1973
0000Z % 0600Z%1iEE (Skew T, Log P Diagram)
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HHE622 4 5200

Fig. 7b. Tung-Kong April 20, 1973
0000Z R 0600Z%1iEE (Skew T, Log P Diagram)
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Rt e
Fig. 7c. Tung-Kong April 26, 1973

0000Z % OBO0Z[E %

Hk624 4 1268

(Skew T, Log P Diagram)

o



Bt d HH62E 5 H4 A
Fig, 7d. Tung-Kong April 4, 1973

0000Z %: 0600ZiARIE (Skew T, Log P Diagram) .
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M e RH62E5 A8 B
Fig. 7e. Tung-Kong April 8, 1973

0000Z 2 0600Zz1AE (Skew T, Log P Diagram)
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PG £ HHE624 5 A14R
Fig. 7f, Tung~Kong April 14, 1973

0000Z % 0600Zz}|iEM (Skew T, Log P Diagram)




M-t g - #6245 H16H
Fig. 7g. Tung-Kong April 15, 1973

0000Z % 0600ZiE2}E (Skew T, Log P Diagram)
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FffEE -t h WHE624. 5 A22H
Fig. 7h. Tung-Kong April 22, 1973

0000Z K 0600Z%z1 @R (Skew T, Log P Diagram)
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ML i FHHE6242 5 A25 1
Fig. 7i. Tung-Kong April 25, 1973

0000Z %% 0600Z%31E M (Skew T, Log P Diagram)
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MYEL HH6242 5 A28H
Fig. 7j Tung-Kong April 28, 1973

0000Z R 0600Z2H&E, (Skew T, Log P Diagram)
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M #EE624 5 B29H
Fig. 8. Tung-Kong April 29, 1973

0000Z FHEE (Skew T, Log P Diagram)
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Table 6. Positive and Negtive Energy Areas from Soundings in The 10 days Selected.
Hhem | & & m 3
[ E & E B B @ H e’
(mb) (mb) .
(CCL) EL (mb) CCL JF | CCL Lk Net
890 536 — 3.6 + 0 — 3.6
900 532 + 0 + 3.1 + 3.1
803 333 — 8.7 + 4.4 — 4.3
820 260 — 4.2 +18.1 —13.9
746 205 —26.7 +34.2 + 7.5
758 198 —~16.6 +51.8 +35.2
728 225 —27.2 +26.8 - 0.4
792 229 —~10.2 +16.3 + 6.1
802 222 —~12.8 +23.4 +10.6
783 345 —10.4 + 8.8 - 1.6
878 190 — 2.6 +36.2 +33.6
784 512 —10.2 + 0.8 - 9.4
800 286 —~ 8.6 + 4.1 — 4.5
785 577 —11.2 + 3.4 - 7.8
754 197 —19.6 +28.8 + 9.2
| 0600 766 202 -19.4 +34.3 +15.9
} 25 0000 832 242 — 8.4 +14.2 + 5.8
| 0600 773 401 —13.8 + 5.8 ~ 5.0
|29 0000 825 201 — 6.8 +14.4 + 7.6
| 0600 804 216 — 6.4 +15.2 + 6.8
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ML %E Florida ZREEIRAREBRMZARTHERRR
Fig. 9. Average Curve of six Soundings with Effective Clond Seedings in Florida, U.S.A.

(Skew T, Log P Diagram)
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B 1 FERE R AL 19694 5 H13H0800LST 2%
(Skew T, Log P Diagram, Clark Air Base, the Philipines, 0300LST May 13, 1969)
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Table 7 Comparision of the monthly mean in April, and May, 1973 with their normals in

the Area
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73 e N R B L o
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Table 8. SSL- Model Calculation Results of the Ten Days selected in the. T Region, 1971
Standard Time| Rad of ~Pp tt (i ) “Cloud Top [Seeding ™ ..
_ Date (Lacalr Time) kloud baseCkm)Seeding | P50 W | O Cony ertecr © 00
g 1 f BIEE £ K "Piﬁﬁa‘& Amount‘greieedcing— = H OB {ﬁ;gfj(;g
= | - ostseeding | X AR =
(ttz T u:f‘f) (Km) _71___* o N:eN i %{ﬁﬁﬁﬁ&ﬁ | - rSE
0000 Fs 0.046 B
A& 12370 | 5920
b 200 o - > 0
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) awey | M e 0 e o 0
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S 200 oo © | 3200 0
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N (1400) e N s - A s~
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' 0000 % | 0.078 2
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AR SEE- K SSL SAHAR

Table 8 Results of Calculation by Using SSL Model for the ten days selected in the Target area.

Standard Time| Radius of . (Precipitation in.) | Cloud Top |Seeding | {#
Date (Local Time) |cloud base ( Km)Seedmg & | Height(m) leffect(m)
Preseeding- '
B2 ¥ B ZEE 4 K| Amount r ; .
Ao BiGe 5 w | (kmy SRR g o Pessceding B @ BEAR
0000 T T &/ 0.3 6930
E H /_\ E_ (Os(x)) o ;}._O_OH-”‘-H,‘ ;%—_—_ 0.404 0.016 __7‘3§0_'_‘ 400
2.00 8 e 0871 |—aep—| 380
| “oe00 | TR 0.262 ” 7350 B
(1400) 1.00 = 0-900 0.047 7750 400
- 171 370 —
2.00 E *i,gﬂ 0.547 lgggg 3000
- 0000 % | 0.106 T 4760
ARATHA ooy | M TR | 0.106 0 | —ge0 | ©
2'00 o e| o [ o 2600
0600 | 0.324 5540
400y A w74 T W B
% . 8140
L 2-?3_— TE 0.964 0.123 11840 3400
e E 0000 &/ | 0.129 3500 0
5 . 7700
_ 2.00 & | 0.610 0.086 9500 1800
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. (1400) 1.00 £ 0501 0 4540 °
; . 8340
2.00 | 0.687 0.126 9940 1600
— 0000 &/ 40001\ T 2000
HATZR|  (0800) 100 £ 0,000 0 2000 0
5 0.514 40K
200 ;E%;: 0‘.'?61 0.247 "T?égg 2200
0600 K 0.201 1160 -
(1400) 100 |0z 0.025 |——gygy—| 1000 ]
A _ | 1.258 T 11560
200 B g igs— 0.900 —2160 600
0000 ) 121 4700
AAHER  (0800) 1o 2 | o121 0 ‘| ©
A 0.838 | 10000
2 00 2 1{—1;2— 0.578 13700 800 -
- 0600 % .73 6150
(1400) 100 £ | 273 0 |50 0
.20 B ialo] 043 —gro— 360
- 0000 A1 0334 6140
TINS & o= =
o 0600 ‘ % 0.304 6130
2100 100 —% g-’g%g_ 0 6130 0
o %= . 11530
2 00 2 | 2.103 0.885 |—geay | 2000
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B+ a HyE 1973 s£5 A8 H 0600 2
Fig. 10a. Tung-Kong, 0600Z, May 8, 1973
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Table 11b. Tung-Kong 0600Z May, 8, 1976 -
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o
Yu-Chin Kang
Professor and Head
Dept. of Meteorology and Geography
National Taiwan University
Taipei, Taiwan, China
Dear Professor Yu-Chin:

It is with great interest that I read
your letter of 26 Feb. 1972, telling of your
plans for rainfall augmentation on Taiwan.
I wish you well and feel, from what little
I know of Taiwan, that you should be able
to do so quite effectively. ;

At present the only technique that
works well for rainfall augmentation is
séeding of the subercooled portions of
cumulns clouds, or even of stratus clouds,
with glacogenic nuclei. Because of the size of
Taiwan it seems to me that you could best
concentrate on seeding cumulus clouds by
means of a light aireraft, using pyrotechnic
devices.

This system has been used in the Phi-
lippine Islands with considerabjé success,
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both by ourselves in 1969 and later by the
Philippine Sugar Institute, using small
aircraft furnished by a contractor and flown
by Philippine Air Force pilots. If you wish

more details of the ‘Philippine approach to

the problem I suggest yon contact Mr.
Edgardo Yap of the Philippine Sugar
Institute in Quezon City. Colonel A. K.
Patterson, Defense Attache at the U. S.
Embassy, Manila, could also help you.

One single engined, turbocharged air-
craft would probablv suffice for Taiwan.
These cost about 14—25,000 U. S." § -used,
or perhaps 35—45,000 U.S. § new. A
used one would be adequate. Operating
costs run 45 to 55 U.S. $ per hour pilots
pay included. Indeed, you may have some
such machines on Taiwan. Military jets or
turbine powered aircrart can also be used,
but the expense is much greater.

Seeding devices cost any where from 10
U. S. § a piece to 35 U. S. §, depending on
the source. They are commercially available
in the U. S. One uses ope to five units per
cloud. In the Philippines, water yield ranged
from 100 acre feet to 5,000 acre feet per
cartridge, depending on type and size of
cloud and the skill of the user.

The cost-benefit-ratio is quite high. If
well done, it can reach 50,000 to one,
usually it is around 10,000 to one and
depends on the water handling system and
on the degree of agricultural and power
development.

I would recommend that one work all

seedable weather—not just in the dry
season—because the yield then may not be
large enough. In any case, careful planning,
based on water need, crop regime and
meteorology is needed. Being so far -away
I cannot help you much with this, but I
will be glad to do what I can.

You can possibly with ground based
seeding sites. I doubt very much if this
would prove satisfactory, however, because
of the size of your island. It would be
difficult to be sure that the useful material
would enter clouds close enough to rain on
your land.

I am enclosing some reports that you
may find useful. If you can make a trip to
Okinawa you may be able to get some more
information from the U. 8. Civil Admi-
nistration:of the method was used to relieve
a drought last summer. Colonel Lombard,
U. S. Army, or Lt.Cdr. V. Droyden of the
Naha Naval Weather Station may be able
to help you.

If I can answer specific questions please
call on me.

With all best wishes for success, I remain

Sincerely,
Pierre ST. Amand
Head, Earth & Planetary Sciences
Division
Code 602
Encl:
(1) WMA Journal Vol. 2
(2) WMA Journal Vol. 3
(3) GROMET 1I
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