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significantly low. Moreover, in the recent four years, when the prediction of the overall distribution of summer
precipitation anomaly for the whole country was relatively accurate, the prediction of summer precipitation anomaly in
NEC was contrary to the actual situation. Therefore, analyzing the cause for the low forecasting accuracy is necessary. In
this paper, the forecasting ability of dynamic models and cognitive defects on forecasting summer rainfall in NEC are
discussed. Moreover, by systematically reviewing the climatic characteristics, influencing factors, prediction methods of
summer drought and flood in NEC, and the real-time forecasting skills, the causes have been obtained as follows: (1) The
precipitation in early summer in NEC is mainly affected by the cold vortex activity in NEC, and in midsummer, it is
mainly affected by the subtropical high in the West Pacific, the southerly wind in the Northeast, and the circulation pattern
in the middle and high latitudes. However, the main dynamic climate models commonly used at home and abroad cannot
accurately reflect the key circulation systems associated with precipitation in early summer and midsummer in NEC. (2)
The relationship between the summer rainfall in NEC and the global sea surface temperature (SST) is weak and unstable.
Especially, the influence of El Nifio-Southern Oscillation (ENSO) on summer precipitation in NEC is complicated; the
relationship between them varies from decade to decade. (3) The summer rainfall in NEC has remarkable multi-timescale
variability (inter-seasonal, inter-annual, and inter-decadal timescales), influenced by different circulation systems, which
makes accurately predicting summer precipitation in NEC more difficult. Finally, some scientific problems and possible

solutions regarding summer rainfall forecasting in NEC are further discussed, which may be helpful for the future summer
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rainfall predictions in this area.
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Fig. 1 The prediction test of summer precipitation in eastern China issued by the China Meteorological Administration from 1978 to 2018: (a)
Temporal correlation coefficient (TCC), the green lines indicate significance at the 90% confidence level; the areas to the east and north of the black
line represent the Northeast China (NEC), the black boxes indicate North China (NC) and the middle and lower reaches of the Yangtze River
(MLRYR); (b) the percentage of anomaly sign consistency correctly predicted years
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Fig. 2 The inter-annual variability of (a, b, ¢) anomaly correlation coefficient (ACC) and (d, e, f) anomaly sign consistency rate (ASCR) skills for

summer precipitation in (a, d) NC, (b, ¢) NEC, and (c, f) MLRYR based on observations and seasonal prediction issued in March from 1978 to 2018.

Dotted lines represent the linear trends
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Fig.3 TCC skills for summer precipitation anomalies based on observations and seasonal prediction issued in March by (a) CSM1.1 model, from

1991 to 2018, (b) CFSv2 model, from 1982 to 2018, and (¢) ECMWF4 model, from 1981 to 2018. The green lines indicate significance at the 90%

confidence level
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Fig. 4 The inter-annual variability of ACC skills for summer precipitation in (a) NEC, (b) NC, and (¢) MLRYR issued in March by CSM1.1, CFSv2,
and ECMWF4 models. The periods of each model are the same as in Fig. 3
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Table 1 The anomaly correlation coefficient (ACC) skills for summer precipitation issued in March by CSM1.1, CFSv2, and

ECMWF4 models
ACC(HIL ACCUEAL ACCKILH )
R A% T i A% T R A% T
CSM1.1 0.51 -0.55 0.02 0.79 -0.75 -0.06 0.58 -0.72 0.01
CFSv2 0.44 -0.74 -0.06 0.87 -0.59 0.04 0.66 -0.70 0.09
ECMWF4 0.54 -0.69 -0.08 0.77 -0.63 0.04 0.57 -0.67 0.05
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Fig. 5 Correlation coefficients between precipitation over NEC in (a) summer, (b) June, and (c) July—August and contemporaneous 500 hPa

geopotential height (contour) and horizontal winds (vectors) at 850 hPa from 1978 to 2018. (d) and (e) are the same as (a), but for NC and MLRYR.

The light (dark) shading areas indicate significance at the 95% (99%) confidence level. The vectors are of correlations significant a the 95% confidence

level.
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Fig. 6 Correlation coefficients between (a, d, g) summer, (b, e, h) June, and (c, f, i) July—August precipitation in NEC and contemporaneous 500 hPa
geopotential height issued in March by (a, b, ¢) CSM1.1, (d, e, f) CFSv2, and (g, h, i) ECMWF4 models. The periods of each model are the same as in
Fig. 3. The light (dark) shading areas indicate significance at the 95% (99%) confidence level
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areas indicate significance at the 95% (99%) confidence level
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Fig. 13 Inter-annual correlation between summer precipitation in Northeast China and 500 hPa geopotential height (contour) and horizontal winds

(vectors) at 850 hPa from 1951 to 2018: (a) June, (b) JA (July—August). Others are the same as in Fig. 5.
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