
HESSD
9, 11521–11549, 2012

Effects of climate
change and human

activities in the
Nenjiang River

L. Q. Dong et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

3 Results and discussion

3.1 Changes in the precipitation, PET and annual runoff

For the past 55 yr, the NRB showed an annual average precipitation of 441 mmyr−1

ranging from 156 mmyr−1 to 1111 mmyr−1. Annual average temperature, however,
had a higher variability, ranging from −0.7 ◦Cyr−1 to 3.6 ◦Cyr−1 with a mean of5

1.5 ◦Cyr−1. The estimated PET in the NRB averaged 885 mmyr−1 per year, varying
from 807 mmyr−1 to 937 mmyr−1. Annual surface runoff from the entire basin averaged
138 mmyr−1, fluctuating from 53 mmyr−1 to 245 mmyr−1 (Fig. 2). The precipitation had
a significant change from 1956 to 2010, with a decreasing trend of 5.0 mm(10yr)−1,
while the PET did not show obvious change (Table 1, Fig. 4). The runoff, however,10

showed a considerable decrease at a rate of 8.6 mm per 10 yr (with a positive sig-
nificance of 0.99). The N statistic of the Kendall test was −2.31, indicating a clear
decreasing trend.

The decline in the runoff is most likely due to the additional water demand from the
increasing population, economic growth and agricultural development that have oc-15

curred since the 1950s. Apparently, the decline is spatially variable within the basin. To
further understand the trends and change point of the annual runoff, the Pettitt test was
applied to the entire NRB, while the DCC test was applied to detect the change points
in the annual runoff individually for each of the upstream, midstream and downstream
basins.20

The results showed two change-points in the runoff series: the year of 1975 and the
year of 1981 (Table 2). In addition, the DCC test demonstrated that in the upstream
basin of the Nenjiang River, the precipitation and runoff were relatively consistent prior
to 1975 and changed thereafter. In the midstream and downstream basins, however,
the change-point occurred in 1974 (Fig. 3). The combined Pettitt and DCC test results25

indicate that 1975 could be the change-point reflecting the effect of human activities on
runoff.
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