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Fig. 1 Variations of 30-year climatic average values and standard deviations of precipitation for the last 1000 years
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Fig. 2 Smoothing t-test of abrupt changes in 30-year climatic average values of precipitation for the last 1000 years
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Fig. 3 Smoothing F-test of abrupt changes in 30-year standard deviations of precipitation for the last 1000 years
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1
Tab. 1 Solar minima and precipitation change in Delingha
RBEEINE BN RTFAIBRAE (mm) BN PRI NI S PR RS (mm)
(LR B A5 LK) (bR B A5 LK)
Oort 1323 136.8 (<95%)
Wolf 137.2  (95%) 125.9 140.9 (99%)
Spoerer 140.8 (99%) 112.2 149.8 (99%)
Maunder 1511 (99%) 110.0 136.1 (99%)
Dalton 143.8 (99%) 121.7 1354 (95%)
2 30
Tab. 2 Abrupt changes in 30—year climatic average precipitation of Delingha and solar activity
IRRERAE G RAX ] (R AFEARN) AT KBESM AN IDITIRES  RKEHE S ANE R
1210 1208-1212 ETr
1256 1248-1258 [ 1280 (Woalf)
1312 1309-1314 BT 1340 (Walf)
1444 1421-1451 [ 1420 (Spoerer)
1506 1496-1509 E T 1530 (Spoerer)
1556 1549-1559 ETr
1639 1630-1643 [ 1645 (Maunder)
1688 1686-1688 I b
1730 1716-1740 BT 1715 (Maunder)
1787 1784-1792 [ 1780 (Dalton)
1844 1843-1846 E T 1829 (Dalton)
1886 1886 ETr 1875 (Modern)
1916 1908-1910, 1912-1917 [
1943 1943 Tt 1950 (Modern)
30 1886 | 1916 1943
, 1964 , 99% (t
-2.60, -2.60), (2] 1780~1989 210
) N , 1883
. 1915 ( 1916 ) . 1935 ,
1883 | 1915 1ol o
(3] 1873~2000 128
-0.260 (p < 0.01), 30 ) 1881~1910
. 1911~1940 | 1941~1970 1971~2000 30
, 092, 1.17, 1.12  0.72,
148.7 mm_ 126.0 mm_ 146.8 mm 164.5 mm , 1971~2000
.30 . 1911~1940 , ,
o 19 . 20 40
80~90 .20 20 50~60 ;
1886 . 1916 . 1943 1964
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Abrupt Changes of Precipitation in Delingha Region, Qinghai
for the Last 1000 Years

HUANG Lei', SHAO Xuemei"? LIU Hongbin’, LIANG Eryuan?, WANG Lili"?
(1. Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China;
2. Institute of Tibetan Plateau Research, CAS, Beijing 100085, China;
3. Laboratory for Climate Study, China Meteorological Administration, Beijing 100081, China)

Abstract: Based on the tree ring width chronologies developed in Delingha region, Qinghai
province, the annual precipitation variations for the last 1000 years has been reconstructed
recently. In this study, we investigate the abrupt changes of precipitation for the last 1000
years. Smoothing t-test and smoothing F-test methods were used to search for possible abrupt
changes in the mean value and the standard deviations of 30-year climatic average
precipitation . Significant abrupt changes were found during the last 1000 years and we
suggested that solar activity played an important role in influencing these changes. It is
evident that the precipitation decreased significantly during the periods of the Wolf, Spoerer,
Maunder and Dalton minima of solar activity, and the t-test verified the existence of
statistically significant differences within these periods. The time and the direction of abrupt
changes of precipitation coincided well with the abnormal variations of solar activity. The
abrupt changes of precipitation in Delingha may link with the interdecadal changes of East
Asian Summer Monsoon for the last century. The time of abrupt changes in Delingha was
ahead the time of abrupt changes in eastern China, which may be an important indicator for
long-term change forecast of precipitation.

Key words: Qinghai; climate change; precipitation; abrupt change; solar activity



