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basic data for ISMR used in these expe- 
riments have been received from the 
rainfall data published by Parthasarathy 
et al.6. 
 The single scientific motivation behind 
generating and publishing these experi-
mental forecasts has been to carry out 
an objective field evaluation of the pro-
posed method. One of the major draw-
backs of NN (or, specifically CN) 
simulation is the absence of an (obvious 
and conventional) causal (dynamical) 
picture. The chief merit of the method-  
 
 
Table 1. A summary of performance of CN 
  forecast 

Year CN forecast† Observation† 
 

1995 98 110 
1996  95* 103 
1997 98 102 
1998 107* 106 
1999 98  96 
2000  91*  92 
2001 95–97%  91 

*Forecast made 2 – seasons in advance, i.e. 
1996 forecast made before 1995 monsoon. 
†Percentage of mean: Mean ISMR adopted in 
this table = 887 mm. 
 
 
Table 2. Experimental CN forecasts of 
  ISMR for 2002 and 2003 

  Percentage Error 
 Rainfall of long-period limit 
Year (mm) mean (%) (%) 
 

2002 869  99   3 
2003 919 104 4.5 

ology therefore has to be derived from 
its forecast skill. The experimental fore-
casts, generated and published well 
ahead of the season, can help to build 
up a (statistically) acceptable estimate 
of the reliability and the skill of the 
method. 
 With this philosophy, we record here 
our experimental forecasts of ISMR for 
the years 2002 and 2003 (Table 2). 
 The experimental forecasts recorded 
here is an ensemble average; the ensem- 
ble forecasts are generated by changing 
certain configurational parameters of 
the CN. The error bars in Table 2 thus 
represent ensemble standard deviations. 
The long-period mean ISMR adopted 
here is 887 mm. 
 Thus, as per criteria of India Mete- 
orological Department, both the years 
2002 and 2003 are likely to be normal 
monsoon years. A peculiarity of the 
forecasts presented here is worth not-
ing: observationally (over the past hun-
dred years or so), the longest spell of 
consecutive normal monsoon years is 
13; we are thus at the edge of a shift to 
draught/excess year. However, our fore-
casts for both 2002 and 2003 are quite 
close to the long-term mean. It is worth 
emphasizing, however, that our fore-
casts are precise numbers with error 
bars as indicated. In other words, if the 
monsoon is normal, our forecasts may 
still be erroneous if the difference bet- 
ween the observed and the predicted 
values differed significantly from the 
indicated error bars. 
 We want to re-emphasize that the sole 
purpose of these experimental forecasts 

is to develop an objective and robust 
estimate of the skill of the CN forecast; 
they are not meant for any operational 
or commercial use. The CN model emp- 
loyed here uses only past ISMR as a 
predictor and, in that sense, is quite 
simple. However, the goodness of such 
a model has to be judged from its fore-
cast skill, and not necessarily from its 
complexity. On the other hand, how-
ever, none of the years of experimental 
forecasts has a departure of more than 
one standard deviation of the observed 
data. Thus the skill of CN for large 
departures is yet to be proved in field 
evaluation. 
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A new record of a pterosaur from the Early Cretaceous of 
Korea 
 
Pterosaurs are unsuitable for fossiliza-
tion and are very rare in fossil records 
because their skeletons are fragile and 
are not preserved well1–3. The record of 
pterosaurs is represented by generally 
isolated, disarticulated and incomplete 
bones, but they have been discovered on 
all major land masses4. The Upper Tri-
assic and Jurassic rocks have yielded a 
number of well-preserved pterosaurs, 

including Dimorphodon, Rhamphorhyn-
chus and Pterodactylus, while the Cre-
taceous period has produced poorly 
preserved species such as Dsungarip-
terus, Pteranodon and Quetzalcoatlus3. 
 South Korea reported the first ptero-
saur tracks in Asia and the largest tracks 
on record5. More than 4000 pterosaur 
tracks and the fragmentary remains of a 
pterosaur were discovered from the 

Uhangri Formation (Campanian) of the 
Late Cretaceous in South Korea6. How-
ever, the major portion of the fragmen-
tary skeleton is still buried and not 
described as yet7. 
 An isolated pterosaur bone was col-
lected from the lacustrine Early  
Cretaceous Hasandong Formation (Hau-
terivian–Barremian) in the Gyeongsang 
Supergroup of South Korea. The 
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Figure 1. (Top right) SNU 1001; (Top left) First wing-phalanx of Dsungaripterus weii 
(IVPP V. 2777, modified from Young16). Scale bar equals 5 cm; (Bottom) Cross-sections of 
wing-phalanges and limb bones of pterosaurs; a, SNU 1001, b, wing-phalanges of D. weii
(IVPP V. 2777); c, Ulna of dsungaripteroidea from Inner Mongolia (IVPP V. 2778); d, T ibia 
of dsungaripteroidea (IVPP V. 2779). 
 
 
 

Table 1. Measurement (mm) of SNU 1001 and wing-phalanges Dsungaripterus weii
  (IVPP V. 2777) 

  Proximal Distal Middle 
 Length breadth breadth breadth Thickness 
 

SNU 1001 247*  26.5 15 10 
1st wing-phalanx 374 37 28 14 8 
2nd wing-phalanx 265 25 21 11 5.5 
3rd wing-phalanx 202 20.5 16.5 10.5 4.5 
4th wing-phalanx 150 9 8 9 4 

*, Incomplete. 

Gyeongsang Supergroup, a 900 m thick 
sequence in a non-marine deposit, has 
produced dinosaurs, plants, freshwater 
shells, fishes, turtles, crocodiles, insects 

and bird tracks (including web-footed  
species)6,8–11. The Hasandong Forma-
tion is a sandstone conglomerate with 
reddish and grey silty shales. It is 

known for dinosaur remains such as 
sauropod teeth, theropod teeth, a thero-
pod claw, coprolites and eggs12–15. 
 Based on its morphological character-
istics, the pterosaur bone (Seoul  
National University (SNU) 1001) is an 
incomplete wing-phalanx (247 mm pre-
served length; Figure 1). The thickness 
of the cortical bone of the shaft is appr- 
oximately 0.9–1.5 mm. The shaft of the 
SNU 1001 is dorso-ventrally com-
pressed, which is a characteristic of 
wing-phalanges. Cross-sections ptero-
saur wing-phalanges are much flatter 
than those of the limb bones. Cross-
sections of dsungaripterid ulnae are 
egg-shaped and those of tibiae are tri-
angular in shape16 (Figure 1). The femur 
from Shantung, China is rounded in 
cross-section16. 
 On the basis of its stratigraphic posi-
tion and size, SNU 1001 is assigned to  
the pterodactyloids. The overall con-
struction of SNU 1001 more closely 
resembles the first wing-phalanx of 
Dsungaripterus weii from the Early 
Cretaceous of China (Institute of Verte-
brate Paleontology and Paleoanthropol-
ogy V. 2777) than phalanges of other 
pterosaurs (Figure 1). D. weii was a 
pterosaur with a wing-span of 3–3.5 m 
and relatively small orbits17. Like 
Dsungaripterus from China, SNU 1001 
has relatively thick-walled bones. The 
proximal end of SNU 1001 is missing, 
but the distal end and most of the shaft 
are preserved well. The cross-sections 
of SNU 1001 and the first wing-phalanx 
of D. weii (IVPP V. 2777) show simi- 
larity in shape and size (Figure 1, Table 
1). The distal end of SNU 1001 is 
26.5 mm wide. The breadth at the  
middle of the shaft is 15 mm and the 
thickness is 10 mm. In D. weii, the mea- 
surements are 28 mm, 14 mm and 
8 mm, respectively16. 
 Pterosaurs have been discovered at 
more than 20 localities on the Asian 
continent, including India, China, Mon-
golia, Kazakhstan, Uzbekistan, and Ja-
pan18. The continental deposits of the 
Early Jurassic Kota Formation of India 
have produced pterosaur remains,  
including wing bones18–20. Recently, a 
wing-phalanx of a dsungaripterid was 
found in the Early Cretaceous Amago-
dani Formation of Japan and it is very 
similar to small dsungaripterid wing-
phalanges from Wuerho, China18. 
 The dsungaripterids are widespread in 
the continental deposits of the Early 
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Cretaceous of Asia18. SNU 1001 is also 
found in a non-marine deposit and con-
firms the conclusion by Unwin et al.18 
that dsungaripterids may have been 
continental pterosaurs. SNU 1001 
represents the first pterosaur bone from 
the Early Cretaceous of Korea. The 
discovery of a pterodactyloid pterosaur 
suggests that the Early Cretaceous of 
South Korea was a unique Mesozoic 
fauna consisting of sauropod dinosaurs, 
theropod dinosaurs, birds (including 
web-footed ones), crocodiles, fishes and 
pterosaurs in a non-marine environ-
ment. 
 

1. Padian, K., Palaeontology, 1984, 27, 
407–413. 

2. Unwin, D. M., Nature, 1987, 327, 13–
14. 

3. Unwin, D. M., Nature, 1988, 332, 398–
399. 

4. Bakhurina, N. N. and Unwin, D. M., 
Hist. Biol., 1995, 10, 197–245. 

5. Lockley, M. G., Hur, M., Lim, S. K., 
Yang, S. Y., Chun, S. S. and Unwin,  
D. M., J. Paleontol. Soc. Korea, Spl. 
Publ., 2, 17–32. 

6. Lee, Y-N., Yu, K-M. and Wood, C. B., 
Palaeogeogr. Palaeoclimatol. Palae- 
oecol., 2001, 165, 357–373. 

7. Hur, M., 2001, pers. commun. 
8. Lim, J-D., Zhou, Z., Martin, L. D., 

Baek, K-S. and Yang, S. Y., Naturwis-
senschaften, 2000, 87, 256–259. 

9. Lim, J-D., Baek, K-S. and Martin,  
L. D., ibid, 2001, 88, 82–84. 

10. Paik, I. S., Palaeogeogr. Palaeoclima-
tol. Palaeoecol., 2000, 157, 213–225. 

11. Yang, S. Y., J. Geol. Soc. Korea, 1982, 
18, 37–48. 

12. Lee, D. S., Geology of Korea, Kyohak-
Sa, Seoul, 1987. 

13. Lee, Y-N., Yang, S. Y. and Park, E.,  
J. Paleontol. Soc. Korea, Spl. Publ., 
1997, 2, 103–114. 

14. Paik, I. S., Lee, Y. H., Lee, Y. U., 
Cheong, D. K. and Kim, S. J., J. Pale-
ontol. Soc. Korea, 1998, 14, 14–32. 

15. Yun, C. S. and Yang, S. Y., ibid, 1997, 
13, 21–36. 

16. Young, C. C., Vertebr. Palasiat., 1964, 
8, 221–255. 

17. Wellnhofer, P., The Illustrated Encyclo- 
pedia of Pterosaurs, Salamander Books, 
London, 1991. 

18. Unwin, D. M., Bakhurina, N. N., Lock-
ley, M. G., Manabe, M. and Lü, J., J. 
Paleontol. Soc. Korea, Spl. Publ., 1997, 
2, 43–65. 

19. Rao, C. N. and Shah, S. C, Rec. Geol. 
Surv. India, 1963, 92, 315–318. 

20. Jain, S. L., J. Geol. Soc. India, 1974, 
15, 330–335. 

ACKNOWLEDGEMENTS. We thank K. 
Kim, D. Choi, G. Kim, J. Kim and L. Martin 
for helpful discussions and assistance. We 
also thank the members of the Paleontology 
Laboratory in the Seoul National University 
for technical assistance and materials. This 
research was financially supported by the 
BK21 Project of the Korean Government. 
 
Received 26 December 2001; revised acce- 
pted 27 March 2002 

 

 
JONG-DEOCK LIM†,* 

KWANG-SEOK BAEK‡ 
SEUNG Young YANG# 

 
†School of Earth and Environmental  
 Sciences (BK21), 
Seoul National University, 
Seoul, South Korea 151-742 
‡Duksan Junior High School, 
Sanchung-gun,  
KyungNam, South Korea 
#Department of Earth Science  
 Education, 
Kyungpook National University, 
Taegu, South Korea 
*For correspondence.  
e-mail: jongdeock@yahoo.com 

 
 

 
 
 
 
 
 


