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Fig. 1 Schematic diagram ofsthe Yongding River basin
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Research progress on the changes of environmental-and water resources in the upper Yongding River basin
WANG Yixuan'?,SHEN Yanjun'?> ,GAO Ya*,LIU Hang'*
(1. Center for Agricultural Resources Research, Hebei Key Laboratory of Water-saving Agriculture , Institute of
Genetics and Developmental BiologyChinese Academy of Sciences ,Shijiazhuang 050022 ,China;
2. University of Chinese.Academy of Sciences,Beijing 100049,China;
3. Hebei Hydrologic Survey and Research Center , Shijiazhuang 050031, China)

Abstract; Background As an important ‘ecological barrier, the upper Yongding River basin plays a key role for preventing sand-
storm and protecting water resources for the downstream where the capital city located. With the impact of climate change and
high-intensity human activitiés, the  ecological environment in the basin has undergone significant changes in the past 50 years,
and water shortage and water.environment deterioration have become increasingly prominent. The impact of climate change and
human activities on water. quantity and quality is highly related to climate change, basin location and other factors, yet it has ob-
vious spatial heterogéneity. Therefore, revealing the characteristics of regional-scale environmental changes and quantitative and
qualitative evolution of water resources and their driving factors is highly needed, which is of great significance for water re-
sources management and water environmental protection in the upper Yongding River basin.

Findings (1) The mean temperature of the upper Yongding River basin showed an "abrupt" increasing trend in the past 50
years.and the temperature increased significantly especially after 2000. The magnitude of minimum temperature increase is grea-
ter than that of maximum temperature,and the warming trend in winter and spring is higher than that in other seasons. Temper-
ature may have an increase tendency in future. (2) The annual average precipitation in the basin showed a decreasing trend but
not statistically significant, while the summer precipitation decreased significantly. The days and the amount of heavy rain and
rainstorm showed an extremely significant decreasing trend. Annual precipitation may increase in future. (3) Both the pan evap-
oration and potential evapotranspiration in the basin have a decreasing tendency, yet not statistically significant. The actual evap-
otranspiration does not increase with the increase of temperature. (4) The land use change changed dramatically in the basin,
with the increase of woodland and construction land and the decrease of cultivated land, unused land and water area as main
characteristics. Land use change dynamics are more obvious after 2000 in the basin. (5) Runoff has a significant decreasing trend

and water quality is partly polluted in the upper Yongding River basin. High intensity human activity is the main reason for run-
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off decline and water quality deterioration in the upper Yongding River basin.

Conclusions (1) The carrying capacity of water resources and water environment are seriously insufficient in the upper
Yongding River basin. How to improve the water use efficiency regards to the limited water resources, and how to coordinate
the relationship between water resources, ecology and social economic development are highly needed for regional sustainable de-
velopment and ecological civilization in the upper Yongding River basin. (2) Under the influence of climate change and human
activities , the mechanism of water cycle and the process of pollutant migration and transformation will change significantly. How
to reveal hydrological cycle and solute migration in the basin under changing environment, and evaluate and predict their effects
are hotspots for water security research. (3) Strengthening monitoring, promoting data sharing and improving the models of
coupling simulation of water quantity and quality are necessary for water resources research. (4) The upper Yongding River ba-
sin has a large drainage area and spans five different provinces. How to plan and promote the comprehensive river basin manage-
ment is still a key issue which needs to be solved urgently.

Key words: climate change; land use change; evapotranspiration; surface runoff; water quality; non-point source pollution
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large-scale climate factors on the dryness/wetness fields in I.uanhe River basin, the resonant period and phase relationship be-
tween large-scale climate factors and PC; and PC; in-time-frequency domain are evaluated by cross wavelet transform. The two
typical modes of dryness/wetness changes in Luanhe River basin are closely related to Nina 3. 4 and SOI (Southern Oscillation
Index) ,and they have similar 1. 5-6. O-year period but opposite correlation to the dryness/wetness fields. The influence of AO
(Arctic Oscillation) and NAO (North Atlantic Oscillation) on the dryness/wetness fields is general, which is mainly reflected in
the phase relationship of 2-4 year period.

Conclusions (1) The dryness/wetness conditions of the Luanhe River basin experienced abrupt changes in 1989. Before the
abrupt change, the basin wasyrelatively humid, and drought and flood events occurred alternately; after the abrupt change, the
drought trend in the basinus further strengthened,and interannual drought events occurred frequently; (2) The dryness/wet-
ness evolution of the [stanhe River basin showed two modes: the same type of dryness/wetness in the whole area and the re-
verse type of upstréam and downstream in the basin, with a cumulative contribution rate of 72. 3%. The dryness/wetness field
of the river basin was of the same type of dryness/wetness in the whole area. The trends of the time variables of the two modali-
ties show that the degree of drought in the basin has an increasing trend;the two time variables have a similar time-frequency
structure,and both have a 1.5 to 4. 0 year main cycle; (3) Nina 3. 4 and SOI, which characterize ENSO (EIl Nino/Southern
Oscillation) events,and the two modes both have a period of 1.5 to 6.0 years; ENSO has the most significant impact on the
spatial and temporal distribution of dryness and wetness in the Luanhe River basin, followed by AO and NAQO, which are related
to the weakest AMO and PDOj; the impact of the six climatic factors on the basin's dryness/wetness fields is mainly reflected in
changing the basin's dryness/wetness consistency
Key words: standardized precipitation index; empirical orthogonal function (EOF) ; wavelet transform; dryness/wetness varia-

tions; large scale climate factors
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