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[bookmark: _Hlk63365750][bookmark: OLE_LINK2][bookmark: OLE_LINK1]Abstract: The transfer process and variation characteristics of water and heat fluxes play an important role in both ecosystems function and climatic patterns of arid and semi-arid areas. However, both water (latent heat flux, Fe) and heat (sensible heat flux, Fh) fluxes and the impact factors have different time scales. Therefore, the wavelet transformation was used to reconstruct water and heat flux data measured by an eddy covariance system installed in Horqin sandy land, China. Then the distribution and response regularity of water and heat flux to the control factors were analyzed under different time scales. The results indicated that the responses of Fe and Fh to controlling factors were similar on 30min and daily scales, in which the energy terms (net radiation, Fn and available energy, Fa) showed extremely significant positive contribution. The part of water condition (vapor pressure deficit, VPD and relative humidity, RH) were the main influencing factors at monthly scale. At the seasonal scale, Fe was positively correlated with Fa and Fn, but negatively correlated with soil heat flux (Fg), RH and wind speed (WS). On the contrary, Fh was positively correlated with RH, but negatively correlated with Fn. At the annual scale, Fe and Fh showed a significant positive correlation with all factors. Generally, at the daily and annual scales, there is a high correlation between Fe, Fh and the control factors, and exhibits pronounced periodicity. These results suggest that the time scales of flux and impact factors should be both considered when doing water and heat fluxes analysis of sandy land or others ecosystem.
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1. Introduction
The formation and development of sandy dunes is the result of a process of degradation and even collapse of the global ecosystem, which is the product of grassland degradation (Ru et al. 2018; Wang et al. 2019). Grassland ecosystem in arid and semi-arid areas is vulnerability, and under the interaction effect of climate change and human activities grassland desertification has become a worldwide ecological problem (UNCCD Geneva,1994; Li et al. 2017; Wang et al. 2015). Grassland degradation and desertification can change the carbon cycle of terrestrial ecosystem under the climatic condition of persistent or aggravated drought (Schimel et al. 2001; Reynolds et al. 2007). The carbon sink of savanna succession ecosystem caused by grassland desertification and vegetation degradation often decreases, and may even be converted into carbon source (Ferlan et al. 2016; Kolb et al. 2013). Studies have shown that overgrazing, unreasonable land reclamation and climate change are the main causes of grassland desertification in Mongolia Plateau (Liang et al. 2009), but the characteristics of water and heat fluxes in sandy land which are closely related to the desertification process and how meteorological factors affect it are still unclear. The relationship between water and heat restricts the growth and survival of vegetation of sandy land, and this fragile ecosystem is very sensitive to climate change (Bai et al. 2004). However, with the influence of climate change and human activities, the original water and heat cycle process of sand dunes have changed, which further affects the regional climate change and destroys the already fragile sand dune ecosystem (Law et al. 2002).
In terms of material and energy exchange, different ecosystems, such as forests, farmland, grassland or wetland, are generally regarded as relatively independent discrete units (Piao et al. 2009), and they mainly respond to different eco-hydrological and meteorological factors. Hydrological processes of arid and semi-arid areas are extremely sensitive to regional meteorological conditions (Schnorbus et al. 2014; Stagl et al. 2014). Therefore, the changes in meteorological factors will have direct or indirect, temporal or spatial impacts on the eco-hydrological processes (Huang et al. 2019; Liu et al. 2015). The dynamic process that hydrological elements change continuously or periodically in time has attracted wide attention. Wavelet transform is a kind of signal processing technology, which is used to quantify the spectral characteristics of data that vary with time and space (Baldocchi et al. 2001; Baldocchi and Wilson 2001), and has been applied more and more in the analysis of unstable time series. This is critical both in exploring the variability of net ecosystem exchange at adjacent pine and hardwood forests from hourly to inter-annual time scales (Stoy et al. 2005) and for better understanding the temporal patterns of ET and the relevance of its controls at multiple time scales (Ding et al. 2013).
Water and heat flux are both important content of water vapor and energy exchange between land surface and atmosphere, and they are the main driving mechanism of atmospheric circulation (Wang et al. 2016). The exchange of water and heat flux in sandy land ecosystem are controlled by energy conditions, moisture conditions and aerodynamic conditions (Timouk et al. 2009; Duveiller, Hooker, and Cescatti 2018; Che et al. 2019). However, these control conditions changes on multiple time scales leads the distribution characteristics of water and heat flux in different time scales (Katul et al. 1995; Gruber et al. 2002). Due to the multiple effects of different factors on water and heat balance, the temporal variability of mass and energy fluxes (Baldocchi et al. 2001) and the direct effect of land surface processes on climate can occur on time scales ranging from seconds to seasonal and annual (Viterbo et al. 2003). Therefore, it is great significance to study the temporal variability of water and heat flux and its controlling factors in different time scales, in sandy land of arid and semi-arid areas.
In order to analyze the variation characteristics of water and heat fluxes in different time scales of sand dune ecosystem, and to reveal its relationship with meteorological factors, this paper first shows the variation characteristics of meteorological elements and energy components during the study period. Then the wavelet transform analysis method was used to transform and reconstruct the water and heat flux data observed by the eddy covariance system (EC). Furthermore, the characteristics of water and heat fluxes in sandy dunes were analyzed in different time scales. Finally, the cor-relationship between meteorological elements and water and heat fluxes in different time scales were discussed, and the main influencing factors of water and heat fluxes in different time scales were identified as well. 
2. Materials and methods
2.1. The study site
 The study area is a typical desert site within the 51,700 km2 Horqin Sandy Land (HSL) (118°35′ to 123°30′ E, 42°41′ to 45°15′ N), located in Mongolian Plateau of north China (Figure 1). It was grassland in history, and it has evolved into sandy land from more than 100 years ago (Li et al. 2017; Han et al. 2010). The experiment site is located within the HSL, the area is 55 km2 (122°33′00″E to 122°41′00″E, 43°18′48″N to 43°21′24″N) (Duan et al. 2011). It has a monsoon-influenced, temperate semi-arid continental climate, with an average annual precipitation of 389 mm, of which 69.3% falls during the growing season (June to August). The annual potential evapotranspiration (PET) is 1412 mm (Tong et al. 2019). It has an average annual temperature of around 6.6°C, and an average annual wind speed (WS) is 3 to 4 m/s. The prevalent wind direction is northwest in winter and spring, whereas, it is southwest in summer and fall (Duan et al. 2011; Tong et al. 2019). The main types of sandy dunes in the study area are fixed dunes and semi-fixed dunes. Zonal and non-zonal soils are distributed alternately (Tong et al. 2016).
Since 2012, the experimental station has been set up on sandy dune, and the observation system was composed of micrometeorology, radiation and eddy correlation systems. The station was equipped with an open-path eddy covariance observation system, wind, temperature and humidity gradient sensors which were installed at different heights (Table 1). Additional temperature and humidity sensors were used to correct the air temperature and humidity measured by the eddy covariance system as well. The height of eddy covariance system is 4.61m and the sampling frequency is 10Hz.
2.2. Eddy Correlation Data Processing
In this paper, the format conversion (TOB3 to TOB1) of the 10Hz raw data downloaded directly from the OPEC was carried out, and then a series of data corrections such as outlier elimination and tilt correction were carried out by using EddyPro, version 6.0 (LI-COR Biosciences, USA) (Falge et al. 2001) to obtain the flux data with a period of half-hour. The half-hour data obtained were used for quality control such as stationarity test and turbulence characteristic test, and more accurate flux data (Fh, Fe, CO2, H2O) were obtained. Then the missing and deleted data were interpolated by the Australian Flux Network OzFluxQC system (Isaac et al. 2016). Through the above process, the continuous water and heat flux data without missing gap were produced. Finally, the complete series of half-hour meteorological and flux data from 2013 to 2016 were used to carry out the wavelet transform analysis to explore the variation characteristics of water heat flux in different time scales.
2.3. Wavelet Transform and Correlation Analysis
[bookmark: OLE_LINK3]Wavelet analysis is a local transformation of time and frequency, which can effectively extract information from a function or sequence and analyze it in multi-scale refinement through the operation functions such as stretching and translation. Wavelet formula:

where the wavelet transform has two variables: scale () and translation ().  controls the stretch out and draw back and  controls the translation of wavelet function. The scale corresponds to frequency (inverse ratio), and the amount of translation corresponds to time.
In this paper, continuous wavelet (CWT) and wavelet coherence (WTC) toolboxes for MATLAB are used to reflect the correlation between two time series. The Morlet which is beneficial to feature extraction is selected as the mother wavelet function (Grinsted et al. 2004), and the multi-scale (hourly, daily, monthly, seasonal, annual) feature extraction is carried out from the flux data with a period of half-hourly. The wavelet power spectrum (WPS) of Fe and Fh is drawn by wavelet packet based on R, which represents the energy distribution of time series in a given wavelet scale and time domain (Labat 2005).
CWT assumes that the data is circular, while the actual data is a non-stationary time series. Therefore, due to the influence of edge effect, there are some errors at the beginning and the end of WPS. The cone of influence (COI) is defined as the area affected by the edge (Torrence and Compo 1998). In the area outside the COI, the influence of the edge effect can be ignored.
The calculation and test (Pearson test) of correlation coefficient is based on the cor function and cor.test function of corrplot package in R (Legendre and Gauthier 2014). The correlation analysis matrix is also obtained by the corrplot package using R software.
3. Results 
3.1. Meteorological and energy components characteristics 
The main distribution range of Ta was -20°C to 30°C, and Ts was -15°C to 40°C. The change of VPD was mainly concentrated in the range of 0 kPa to 2.5 kPa, while WS was mainly distributed from 1m/s to 10m/s. Ta, Ts and VPD showed obvious single peak in each year. The peak of Ta and Ts appeared in July of each year, while the peak of VPD appeared in May, June, July and August, respectively. However, this trend was not obvious in WS, which showing a state of fluctuation (Figure 2(a)(b)).
The energy component was showed in Figure 2(c) with an obviously seasonal pattern and interannual variation. The change of Fn, Fa (Fn-Fg) and Fg were fluctuated between 0W/m2 to 500W/m2, -50W/m2 to 70W/m2, and 0W/m2 to 400W/m2, respectively. Fn and Fa showed a single peak every year, and the peak appeared in May (2013), July (2014), July (2015) and June (2016) respectively. The characteristic of Fg was stronger in summer and weaker in winter.
The value of Fe was less than Fh in same period indicated that the energy was mainly used to heat the surface air and make the surface temperature rise rapidly in this study area. Yearly Fh was gradually synchronously decreased with Fa from 2013, 2015, 2014 to 2016, mean Fh was mainly affected by Fa. Fe was decreasing from 2013, 2015, 2016 to 2014, which was consistent with the trend of Fn in corresponding years. It was suggested that the variation of Fe was mainly dominated by Fn.
3.2. Variation of water and heat fluxes in different time scales 
Wavelet transform was used to reconstruct Fe and Fh in different time scales included hourly, daily, monthly, seasonal and annual. During the whole study period, the continuous wavelet power spectra of Fh and Fe reflected obvious daily and annual periodicity. There were four clusters on the annual periodicity, and each cluster gathers in June, July and August. But in 2014, there was only a short period of aggregation in August, and there was no obvious fluctuation state in other time scales.
[bookmark: _Hlk63367596][bookmark: _Hlk63367536]From wavelet coherence (WTC) analysis (Fig. 3), it was found that water heat flux (Fe and Fh) and energy component (Fn, Fa) show the covariant correlation region through wavelet coherence spectrum in time-frequency space. During the study period, the high-energy region of wavelet coherence shows obvious positive phase resonance period, which indicates that the two time series data Fe, Fh and Fn, Fa have highly consistent daily and annual common periods.
3.3. Response of water and heat fluxes to control factors
Half-hour raw data was used to analysis the correlation ship between Fh, Fe and energy and water elements, as shown in figure 4.
The clustering relationship in Fig. 4 shows that the relationship between the elements is divided into three parts. Fa, Fn, Fg, Ta and Ts belong to the energy part, while Ta and Ts belong to the temperature group. VPD belongs to the part of water condition. WS belongs to the aerodynamic condition part. Further cluster analysis shows that Fa, Fn, Fg, Fh and Fe belong to the same group.
The correlation coefficients (r) of different time scales are shown in Table 2.
The correlations between Fe and its controlling factors were significant variated in different time scales. At hourly scale all the correlation coefficients were not significant. However, at daily scale, the correlation between Fe and all control factors were significant (P<0.01). Among them, the highest r was 0.76 (Fe and Fn), while Fn was mainly related to Fa, so r between Fe and Fa was also high. Fe and RH showed a negative correlation, and r was -0.46. At monthly scale, the highest r was occurred between Fe and RH which was 0.3 (P<0.01), while the lowest r was appeared between Fe and VPD it was -0.25 (P<0.05). At seasonal scale, the highest r was occurred between Fe and Fa (0.62, P<0.01) followed by Fe and Fn (0.52, P<0.01), and then negative between Fe and RH and WS (-0.39 and -0.37, P<0.01). At annual scale there was a very significant positive correlation between Fe and all control factors (P<0.001). The highest r was appeared between Fe and Fa and Ta, both were 0.98 followed by Fn and Ts was 0.96, while WS was the only factor not significate with Fe. 
Fe and energy related factors such as Fa, Fn, Ta, Ts showed significant correlations at 30 min, daily, seasonal and annual scales, but lower correlations in hourly and monthly scales. However, Fe and Fg showed negative correlation in monthly and seasonal scale, especially in seasonal scale it was a significant negative correlation. For water related factors RH and VPD, Fe was significantly positively correlated with both at the annual scale, but significantly negatively correlated with RH and positively correlated with VPD at daily scale. In addition, Fe also showed positive and negative correlation with RH at the monthly and seasonal scales, respectively, but not significantly correlated with VPD. The significant correlation between Fe and the aerodynamic factor WS is significant mainly at the daily and seasonal scales, but it is positive correlation in the daily scale and negative correlation in the seasonal scale.
Similar to Fe, Fh also was differently correlated with each control factor in different time scales. At hourly scale, there was no significant correlation between Fh and each control factor. At daily scale, r between Fh and Fn was the highest (0.93), while Fn was mainly related to Fa, so r between Fh and Fa was also relatively high (0.91, P<0.001). Fh and RH showed a negative correlation, and r was -0.46 (P<0.01). At monthly scale, the highest r was occurred between Fh and Fa which was 0.44 (P<0.01), while the lowest r was appeared between Fh and RH it was -0.46 (P<0.01). However, the seasonal scale is opposite to the monthly scale. At seasonal scale, the highest r was occurred between Fh and RH (0.25, P<0.05) and then negative between Fh and Fn (-0.27, P<0.05). At annual scale Fh showed a very significant positive correlation with each control factor (P<0.001). The highest r of Fh with Fa and Fn was 0.99, followed with Ta and Ts was 0.95 and 0.91, respectively.
Fh showed significant positive correlations with the energy related factors (Fa, Fg, Fn, Ta, and Ts) at the 30 min, daily and annual scales, but lower correlations at the hourly, monthly and seasonal scales, and mostly negative correlations at the seasonal scale. For the water related factors RH and VPD, Fh and RH showed significant positive correlation at the annual scale, but significant negative correlation at the daily and monthly scales, while Fh showed a significant positive correlation with VPD at the daily and annual scales, and a negative correlation at the seasonal scale. The positive relationship between Fh and the aerodynamic factor WS at all time scales, especially at the daily scale, which was significantly positive.
4. Discussion
4.1. The variation characteristics of different time scales
The purpose of this study is to understand the variation characteristics of water and heat fluxes in different time scales and their response to control factors in sand dune ecosystem. In order to compare the variation characteristics of the water and heat fluxes of different time series, the problem of missing data of the fluxes and the non-stationarity of the time series were taken into account, firstly (Stoy et al. 2005). Then the wavelet transform was used to reconstruct the data of water and heat flux to different time scales, and then the distribution characteristics of different time scales are extracted. Wavelet analysis can effectively solve the non-stationarity of time series, and it is an appropriate tool to explain the contribution of environmental variables to the time series process of water and heat flux (Katul et al. 1995; Liu et al. 2017).
Katul et al. (2001) considered three basic time scales: fractions of seconds to minutes (turbulent time scales), hours to dozens of days (meteorological time scales), and seasonal to interannual time scales when studying the spectral characteristics of vegetation surface flux. At the turbulent time scales, most of the flux variation is controlled by mean meteorological conditions. At hourly to daily time scales, interactions between physiological and biophysical features of the canopy and its micro-climates are the dominant mode of flux variation. At the longer time scales, seasonal patterns and vegetation dynamics share importance with interannual climate change.
The diurnal variation of water and heat fluxes in the sand dune ecosystem was significant, with a single peak for both Fh and Fe. This is consistent with the results of previous studies (Wang et al. 2016; Wang W et al. 2009; Huang et al. 2019). Time-series of the water and heat fluxes exhibit pronounced annual cycles, primarily explained by the modulation of the daily flux amplitude by other variables, such as the Fn and Fa (Brunsell and Wilson 2013). 
By comparing and analyzing the correlation coefficients of Fe, Fh and each control factor in different time scales, it is found that the correlation is generally higher at the daily and annual scales, which is consistent with the varies in diurnal and annual periodic shown by the wavelet coherence spectrum (Fig. 3) in Section 3.2, which may be caused by the rotation and revolution of the earth (Xu et al. 2005).
4.2. [bookmark: OLE_LINK6]The influencing factors of different time scales
This paper further investigates that the differences in the response of Fh and Fe to each control factor at different time scales of hourly, daily, monthly, seasonal, and annual on the basis of half-hourly data. The water and heat fluxes at the daily and annual scales were mainly influenced by meteorological elements and were significantly correlated with almost all meteorological factors. While at other scales it was influenced by one or a combination of several, while there may be other factors in addition to meteorological factors. For example, vegetation status, especially at monthly and seasonal scales.
30 min was the original time scale, and the pattern of response of Fe and Fh to their control factors was consistent. Fe and Fh were negatively correlated with RH, and their inhibitory effect was extremely weak. Fe and Fh were positively correlated with the other control factors, where Fn and Fa played a dominant role. At the hourly scale, there was no significant correlation between Fe and Fh and their control factors. At the daily scale, Fh had an extreme significant positive correlation with Fn, Fa and Fg. The significant positive correlation between Fe and all the above factors. Both Fe and Fh were negatively correlated with RH. The flux characteristic response at this scale is similar to the 30 min scale. A linear or segmental linear correlation was shown between Fe, Fh and the energy component factors. Solar radiation is the main source of surface energy and the basis of matter and energy exchange (Liang et al. 2010), so energy factors play a leading role in the effects of Fe and Fh. RH, however, negatively affects both to a lesser extent, i.e., the higher the relative humidity, the slower the energy exchange and the smaller the change in water heat flux (Yunfei et al. 2019). At the monthly scale, the response of Fe and Fh to RH differs completely. Overall, RH affects Fe and Fh to a lesser degree, with opposite trends. At the seasonal scale, the correlation between Fe and each control factor was generally higher than Fh. However, Fh showed an abnormal response compared to other time scales, exhibiting a positive correlation with RH and a negative correlation with Fn. This suggests that Fh is negatively limited by Fn on this time scale. This may be due to the fact that the seasonal allocation of Fn to Fh is strongly influenced by soil moisture content (Hao et al. 2007), which is inhibited when soil moisture reaches the threshold of stress. However, vegetation phenology may also be the major factor that flux partitioning at the seasonal scale in the study area ( Jiang et al. 2015). At the annual scale, Fe and Fh are positively correlated with each control factor, among them, Fe and Fh show a highly significant linear correlation with Ta. Since Ta affects the magnitude of saturated water pressure in air and the speed of water vapor diffusion (Xiao et al. 2018), Ta also directly affects the variation of Fe and Fh.
Particularly, the correlations of Fe and Fh with WS are extremely weak except for daily time scales. In actual situations, winds can accelerate evaporation and provide the dynamic conditions for convective exchange, but when the wind speed reaches a certain threshold, the extent of its effect on water heat flux will be reduced (Krishnan et al. 2012) or even have a negative effect. Just as at the seasonal scale, Fe and WS are negatively correlated, i.e., wind speed has an inhibitory effect on Fe.
The response characteristics of water heat fluxes to the control factors differed significantly at different time scales, especially at the monthly and seasonal scales. RH inhibits Fh at the monthly scale and facilitates it at the seasonal scale; conversely, RH facilitates Fe at the monthly scale and restricts it at the seasonal scale. This provides a consideration for future research on water heat flux in different months and growing seasons.
5. Conclusions
Using wavelet analysis, this paper investigates the different time scales characteristics and influencing factors of water heat fluxes in typical sandy ecosystems of the Mongolian plateau and draws the following conclusions.
The annual variation of energy components (Fn, Fa and Fg) and meteorological elements (Ta, Ts and VPD) were consistent, showed a single peak trend, with stronger in summer and weaker in spring and winter.  During the study period, the same period Fh was dominant relative to Fe in Fn, which indicated that Fn in this area is mainly used to heat the surface air, resulted in significant temperature difference between the surface and the atmosphere, thus accelerated the heat exchange between them through conduction and convection. 
[bookmark: _Hlk63366164]The response characteristics of Fh and Fe to the control factors in sandy land ecosystem at multiple time scales differed significantly, especially at the monthly and seasonal scales. At the daily and annual scales, the correlations between Fe, Fh and the control factors were generally higher, and intensity varies in diurnal and annual periodic. Therefore, I tried to start from understanding the characteristics of water and heat fluxes at different time scales to better explore the fluxes.
Acknowledgments
This research was supported by the National Natural Science Foundation of China (No. 52079063, 51779116 , 51620105003); Natural Science Foundation of Inner Mongolia Autonomous Region of China (2019JQ06).
[bookmark: _Hlk52119546]References
Bai, Y., X. Han, J. Wu, Z. Chen, and L. Li. Ecosystem stability and compensatory effects in the Inner Mongolia grassland. Nature. 2004, 431: 181-184. 
Baldocchi, D., E. Falge and K.B. Wilson. 2001. A spectral analysis of biosphere–atmosphere trace gas flux densities and meteorological variables across hour to multi-year time scales. Agric. For. Meteorol. 107:1–27.
Baldocchi, D. and K.B. Wilson. 2001. Modeling CO2 and water vapor exchange of a temperate broadleaved forest across hourly to decadal time scales. Ecol. Model. 142:155–184.
Brunsell, Nathaniel, and Cassandra Wilson. 2013. “Multiscale Interactions BetweenWater and Carbon Fluxes and Environmental Variables in A Central U.S. Grassland.” Entropy 15(4): 1324–41.
Che, Yanjun, Mingjun Zhang, Zhongqin Li, Yanqiang Wei, Zhuotong Nan, Huilin Li, Shengjie Wang, and Bo Su. 2019. “Energy Balance Model of Mass Balance and Its Sensitivity to Meteorological Variability on Urumqi River Glacier No.1 in the Chinese Tien Shan.” Scientific Reports 9(1):1–13.
Ding, R., Kang, S., Vargas, R., Zhang, Y. & Hao, X. 2013. Multiscale spectral analysis of temporal variability in evapotranspiration over irrigated cropland in an arid region. Agric. Water Manag. 130, 79–89.
Duan, L., Liu, T., Wang, X., Wang, G., Ma, L., & Luo, Y. (2011). Spatio-temporal variations in soil moisture and physicochemical properties of a typical semiarid sand-meadow-desert landscape as influenced by land use. Hydrology and Earth System Sciences, 15(6), 1865–1877.
Duveiller, Gregory, Josh Hooker, and Alessandro Cescatti. 2018. “The Mark of Vegetation Change on Earth’s Surface Energy Balance.” Nature Communications 9(1).
Falge E, Baldocchi D, Olson R, et al. Gap filling strategies for defensible annual sums of net ecosystem exchange[J]. Agricultural and Forest Meteorology, 2001, 107: 43-69.
G. Katul et al., “Multiscale analysis of vegetation surface fluxes: From seconds to years,” Adv. Water Resour., vol. 24, no. 9–10, pp. 1119–1132, 2001.
Grinsted, A., Moore, J. C., & Jevrejeva, S. (2004). Application of the cross wavelet transform and wavelet coherence to geophysical time series. Nonlinear Processes in Geophysics, 11(5/6), 561–566. 
Gruber, N., C.D. Keeling and N.R. Bates. 2002. Interannual variability in the North Atlantic Ocean carbon sink. Science 298:2374–2378.
Han, Z. et al. Change trends for desertified lands in the Horqin sandy land at the beginning of the twenty-first century. Environ. Earth Sci. 59, 1749–1757 (2010).
Huang, Ting, Deyong Yu, Qian Cao, and Jianmin Qiao. 2019. “Impacts of Meteorological Factors and Land Use Pattern on Hydrological Elements in a Semi-Arid Basin.” Science of the Total Environment 690(19):932–43.
Huang T Y, Liu T X, Wang G L et al. Dynamic Changes of Water and Heat Fluxes and Responses to Environmental Factors in Cascade Ecological Zone[J]. Research of Soil and Water Conservation, 2019, 26 (03): 122-127+134.
Isaac P, Cleverly J, McHugh I, van Gorsel E, Ewenz C, Beringer J. OzFlux Data: Network integration from collection to curation. Biogeosciences Discussions. 2016; 1–41. doi:10.5194/bg-2016-189.
Jiang, Qun’Ou, Enjun Ma, Jinyan Zhan, and Nana Shi. 2015. “Seasonal and Interannual Variation in Energy Balance in the Semiarid Grassland Area of China.” Advances in Meteorology 2015.
Katul, G. and M.B. Parlange. 1995. Analysis of land surface heat fluxes using the orthonormal wavelet approach. Water Resour. Res. 31:2743–2749.
Katul, G., C.-T. Lai, K.V .R. Schäfer, B. Vidakovic, J.D. Albertson, D.S. Ellsworth and R. Oren. 2001. Multiscale analysis of vegetation surface fluxes: from seconds to years. Adv. Water Resour. 24:1119–1132.
Kolb, T., Dore, S., Montes-Helu, M., 2013. Extreme late-summer drought causes neutral annual carbon balance in southwestern ponderosa pine forests and grasslands. Environ. Res. Lett. 8, 015015.
Labat, D. 2005. Recent advances in wavelet analyses: Part I. A review of concepts. Journal of Hydrology, 314(1-4), 275–288.
Law, B.E., E. Falge, L. Gu et al. 2002. Environmental controls over carbon dioxide and water vapor exchange of terrestrial vegetation. Agric. For. Meteorol. 113:97–120.
Legendre, Pierre and Olivier Gauthier. 2014. “Statistical Methods for Temporal and Space-Time Analysis of Community Composition Data.” Proceedings of the Royal Society B: Biological Sciences 281(1778).
Liang Y., Han G., Zhou H., et al. Grazing intensity on vegetation dynamics of a typical steppe in Northeast Inner Mongolia〔J〕. Rangeland Ecology＆Management, 2009, 62 ( 4) : 328－336.
Li, J., Xu, B., Yang, X. et al. Historical grassland desertification changes in the Horqin Sandy Land, Northern China (1985–2013). Sci Rep 7, 3009 (2017).
Li, S., Eugster, W., Asanuma, J., Kotani, A., Davaa, G., Oyunbaatar, D., and Sugita, M.: Energy partitioning and its biophysical controls above a grazing steppe in central Mongolia, Agr. Forest Meteorol., 137, 89–106, 2006.
Liu, Qi, Yonghong Hao, Elaine Stebler, Nobuaki Tanaka, and Chris B. Zou. 2017. “Impact of Plant Functional Types on Coherence Between Precipitation and Soil Moisture: A Wavelet Analysis.” Geophysical Research Letters 44(24):12,197-12,207.
Liu, W., Xu, Z., Li, F., Zhang, L., Zhao, J., Yang, H., 2015. Impacts of climate change on hydro-logical processes in the Tibetan plateau: a case study in the Lhasa river basin. Stoch. Env. Res. Risk A. 29 (7), 1809–1822.
M. Ferlan and K. Eler, “Agriculture , Ecosystems and Environment Carbon and water flux patterns of a drought-prone mid-succession ecosystem developed on abandoned karst grassland,” vol. 220, pp. 152–163, 2016.
P. C. Stoy et al., “Variability in net ecosystem exchange from hourly to inter-annual time scales at adjacent pine and hardwood forests: A wavelet analysis,” Tree Physiol., vol. 25, no. 7, pp. 887–902, 2005.
Piao, S., Fang, J., Ciais, P., Peylin, P., Huang, Y., Sitch, S., Wang, T., 2009. The carbon balance of terrestrial ecosystems in China. Nature 458, 1009–1013.
P. Krishnan, T. P. Meyers, R. L. Scott, L. Kennedy, and M. Heuer, “Energy exchange and evapotranspiration over two temperate semi-arid grasslands in North America,” Agric. For. Meteorol., vol. 153, pp. 31–44, 2012.
Reynolds, J. F. et al. Global desertification: building a science for dryland development. Science 316, 847–851 (2007).
Ru, Ning, Xiaomin Yang, Zhaoliang Song, Hongyan Liu, Qian Hao, Xu Liu, and Xiuchen Wu. 2018. “Phytoliths and Phytolith Carbon Occlusion in Aboveground Vegetation of Sandy Grasslands in Eastern Inner Mongolia, China.” Science of the Total Environment 625(92):1283–89.
Schimel, D.S., J.I. House, K.A. Hibbard et al. 2001. Recent patterns and mechanisms of carbon exchange by terrestrial ecosystems. Nature 414:169–172.
Schnorbus, M., Werner, A., Bennett, K., 2014. Impacts of climate change in three hydrologic regimes in British Columbia, Canada. Hydrol. Process. 28 (3), 1170–1189.
Shunlin Liang, Senior Member. Review on Estimation of Land Surface Radiation and Energy Budgets From Ground Measurement, Remote Sensing and Model Simulations [J]. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 2010, 3(3): 225–240.
Stagl, J., Mayr, E., Koch, H., Hattermann, F.F., Huang, S., 2014. Effects of climate change on the hydrological cycle in central and Eastern Europe. In: Rannow, S., Neubert, M. (Eds.), Managing Protected Areas in Central and Eastern Europe Under Climate Change. Springer Netherlands, Berlin, pp. 31–43.
Timouk, F., L. Kergoat, E. Mougin, C. R. Lloyd, E. Ceschia, J. Cohard, P. De Rosnay, P. Hiernaux, V. Demarez, and C. M. Taylor. 2009. “Response of Surface Energy Balance to Water Regime and Vegetation Development in a Sahelian Landscape.” Journal of Hydrology 375(1–2):178–89.
Tong, X., Duan, L., Liu, T., & Singh, V. P. (2019). Combined use of in situ hyperspectral vegetation indices for estimating pasture biomass at peak productive period for harvest decision. Precision Agriculture, 20(3), 477–495.
Tong, X., Liu, T., Singh, V. P., Duan, L., & Long, D. (2016). Development of in situ experiments for evaluation of anisotropic reflectance effect on spectral mixture analysis for vegetation cover. IEEE Geoscience and Remote Sensing Letters, 13(5), 636–640.
Torrence, C., Compo, G.P., 1998. A practical guide to wavelet analysis. Bull. Am. Meteorol. Soc. 79 (1), 61–78.
UNCCD. United Nations convention to combat desertification in those countries experiencing serious drought and/or desertification, particularly in Africa (Geneva, 1994).
Viterbo P. 2003. A Review of Parameterization Scheme for Land Surface Processes. European Center for Medium-Range Weather Forcasts. Educational Programme 2003, Meteorological Training Course Lecture Notes.
Wang J, Liu T X, Lei H M, et al. Heat and water vapor fluxes of dune-meadow landscape in semiarid area based on eddy covariance measurements[J]. Arid Zone Research, 2016, 33 (3) :593-600.
Wang, T., Xue, X., Zhou, L. & Guo, J. Combating aeolian desertification in northern China. Land Degrad. Develop. 26, 118–132 (2015).
Wang W, Xu Z, Liu S et al., 2009. The characteristics of heat and water vapor fluxes over different surfaces in the Heihe River Basin. Advance in Earth Sciences, 24 (7):714-723.
Wang, Yong, Ping Yan, Guang Han, Wei Wu, and Run Zhang. 2019. “Sand Source and Formation Mechanism of Riverine Sand Dunes: A Case Study in Xiangshui River, China.” Journal of Arid Land 11(4):525–36.
W. Xiao, Z. Wei, and X. Wen, “Agricultural and Forest Meteorology Evapotranspiration partitioning at the ecosystem scale using the stable isotope method — A review,” Agric. For. Meteorol., vol. 263, no. September, pp. 346–361, 2018.
Xu P P, Ma Z H, Shi L K. Variation Analysis Of Ultraviolet Radiation Intensity over Zhengzhou [J]. Meteorological and Environmental Sciences, 2005 (04): 20-21.
Y. Hao et al., “Seasonal and interannual variation in water vapor and energy exchange over a typical steppe in Inner Mongolia, China,” Agric. For. Meteorol., vol. 146, no. 1–2, pp. 57–69, 2007.
Yunfei, Gao, Zhao Chuanyan, Rong Zhanlei, Liu Junjie, Wang Qingtao, Ge Lijuan, Guo Zhaoxia, and Mao Yahua. 2019. “Energy Exchange between the Atmosphere and a Subalpine Meadow in the Qilian Mountains, Northwest China.” Journal of Hydrology 572:771–80.

