Role of terracing in water-balance components of Platycladus orientalis during normal and dry years in the Loess Plateau, China
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Abstract: 
Extensive ecological projects, including terracing engineering and vegetation rehabilitation, have been implemented in many water-limited mountains across the world, aiming to combat drought and control water erosion. Nevertheless, due to the complexities of climate, terracing, and vegetation types in actuality, knowledge gaps regarding the role of terracing on water balance remain. Therefore, to better understand the influence of terraces on water budget in a normal (2015) year and dry (2016) year, a field experiment was conducted in a typical dry loess hilly area of China. The effects of adverse grade tableland terraces, fish-scale pits and the natural slope on water content change were analyzed on the slope of Platycladus orientalis by the water-balance technique and equations. The results showed that, compared with natural slope, terraces had higher water budget benefits both in dry year (+ 1.08~12.24 mm) and normal water year (+ 15.71~27.29 mm), and adverse grade tableland terrace had the best performance. Although precipitation was the primary factor affecting water inputs, terraces can significantly increase soil water content. Evapotranspiration and runoff were the main water loss terms, but terrace also can help to reduce runoff water loss. Overall, transformation of terraced fields can optimize the forest structure and improve the eco-benefits at the slope scale.
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1. Introduction
[bookmark: _Hlk100945366][bookmark: OLE_LINK1]Water shortage remains the most significant barrier to vegetation regeneration and ecosystem rehabilitation in dry and degraded habitats. In arid and semi-arid areas, vegetation structure is mostly determined by water supply (Kumar et al., 2020). The availability of soil moisture frequently impedes vegetation regeneration and agricultural operations in the drylands (Pereira et al., 2020). Soil moisture dynamic is important in influencing the structure and function stability of ecosystems, which can determine the net-primary productivity (Wang et al., 2019; Aluku et al., 2021). Higher soil moisture has the better ability to deliver water for plant transpiration, so soil water retention is the primary indication of hydrological functions and services (Leng et al., 2018).
The deficient condition of soil moisture in the drylands frequently hampers vegetation regeneration and agricultural activity (Melalih et al., 2021). Changes in land use and vegetation types can modify the significant difficulties of water resources management in arid and semi-arid environments (Asmamaw et al., 2021; Tang et al., 2019). Terracing, emerges as a conservation method to prevent soil and water loss from severe erosion. Terraces can transform continuous steep slopes into mild and short sloping parts, altering the micro-topography of the slopes and modifying the hydrological regime, which can totally alter the topography and boost rainwater collecting efficiency (Gao et al., 2018; Zhao et al., 2020). As a result, it can minimize soil erosion and raise slope stability, lessen the intensity of droughts, and improve the ability of ecosystem restoration (Pereira et al., 2020).
The Loess Plateau, located in the dry and semiarid zone in China, has faced severe water scarcity and soil degradation for generations (Zheng et al., 2020). Insufficient water resources, improper vegetation allocation, and inadequate ecosystem service functions have been major difficulties for the Loess Plateau's ecological construction for a long time (Altobelli et al., 2020). Because of the deep loess, groundwater cannot be taken and utilized by plant root systems, hence precipitation is nearly the only source of soil water supply in this area (Moraetis et al., 2020).  Various terracing measures were done before planting to retain precipitation, improve local conditions, and ultimately increase the survival rates of artificial plants (Dai et al., 2019).
Terrace can enhance water storage in many circumstances. However, the reverse findings were also seen, indicating that the ambiguities of terracing on soil water retention were present (Khelifa et al., 2020). The effect of terraces on soil water conservation will diminish with time out of maintain, and evapotranspiration also contributes to uncertainty in terracing effects (Hamada et al., 2020). Whether terracing measures and vegetation restoration can still be ecologically effective when faced with climate extremes is particularly worth investigating. Especially under drought and low rainfall conditions, both vegetation activity and soil properties are suppressed, and it remains uncertain whether the terracing measures will still be effective at this time. More long-term quantitative research based on hydrological processes are required to understand the significance of terraces in soil water retention, especially in water-deficient areas (Letz et al., 2021; Klopp et al., 2020). Quantification of water balance and its component changes to precipitation availability and terraces measures are essential for optimizing ecosystem in arid environment.
In order to explore the influence of different terrace measures on water balance, this paper takes the terraces with Platycladus orientalis in the Loess Plateau, as the experimental plot. The purpose of the study was (1) to investigate the impact of terraces on the water budget of indigenous tree, including the soil water, evapotranspiration and runoff in normal year and dry year; and (2) to assess the magnitude and temporal fluctuations of hydrological process when faced with different climatic conditions.
2. Materials and methods
[bookmark: _Hlk88506717]2.1 Study site
[bookmark: OLE_LINK24]Our study sites were located in a typical loess hilly area named Longtan catchment, Dingxi county (104°39′E, 35°35′N) of Gansu province in the western part of the Chinese Loess Plateau. Loessal soil is the main soil type across the whole catchment. The major growing season runs from the beginning of May until the end of October, which belongs to the typical semi-arid continental climate. Over the last 50 years, the mean annual precipitation was 387 mm in the research area. Precipitation usually occurred from May to October, which corresponded to the growing season of local plants. The average air temperature is 6.3 ℃. Evaporation is roughly 1510 mm per year on average. 
To reduce soil erosion, many terracing techniques have been widely implemented since the last century. Leveled benches, fish-scale pits, adverse grade tableland terraces and zig terraces are the most dominant terrace structures in this region. Forests (Pinus tabulaeformis, Platycladus orientalis, and Armeniaca sibirica), bushes (Caragana korshinskii), and crops (Solanum tuberosum, Zea mays) are the most common vegetation types in this region.
[bookmark: _Hlk88507709]The experiment's purpose is to investigate the water retention capacity of terraces in different drought-level years and evaluate changes in water balance under varied terrace measures. The year of 2015 with normal perception and 2016 with less precipitation were chosen. Three types of experimental plots with same vegetation and different terrace measures were chosen for further analysis (Tab. 1). 
For fish-scale pits, many semicircular pits were developed on the natural slope to build terrace.  For adverse grade tableland terrace, 2-m sloping surface was changed into a 1 - 1.5 m terraced surface with an opposing slope angle for 5° - 8°.
[bookmark: OLE_LINK23][bookmark: _Hlk90319939]
Tab. 1 Description of different terraced plots and corresponding natural slopes
	Abbreviation of plot
	
	F-P.o
	
	A-P.o
	
	C-P.o

	Vegetation measure
	
	[bookmark: _Hlk89016009]Platycladus orientalis
	
	Platycladus orientalis
	
	Platycladus orientalis

	Terrace measure
	
	Fish-scale pits
	
	[bookmark: OLE_LINK7]Adverse grade
tableland
	
	Control group
(Natural slope)

	Vegetation coverage (%)
	
	35
	
	40
	
	35

	Leaf area index (LAI)
	
	1.54 ± 0.17
	
	1.02 ± 0.14
	
	1.10 ± 0.16

	Height (m)
	
	1.49
	
	2.70
	
	3.27

	Slope length (m)
	
	10
	
	10
	
	10

	Areas (m2)
	
	100
	
	100
	
	100


[bookmark: _Hlk88508802]2.2 Field measurements and data processing
[bookmark: OLE_LINK26][bookmark: OLE_LINK25]Daily precipitation data was recorded during the growing season (May to October) in 2015 and 2016, with an accuracy of 0.2 mm. Soil moisture (S, mm) was measured at 5–100 cm, by the portable time-domain reflectometer. 
According to the volumetric soil water content of each depth, the water storage capacity of 100 cm thickness of soil layer was calculated:
	[bookmark: OLE_LINK19]SWC = (5• +10• +10• +10• +10• +20• +20• +10• )/100
	(1)

	ΔS=Send of day-Sbegin of day
	(2)


SWC means soil water content in 100 cm soil layer. , , , , , , ,  means soil volumetric water content (%) corresponding to certain depth, respectively. ΔS (mm) means soil water change in a day, and Send and Sbegin mean the end and the begin of soil water content (mm) in a day.
R, (runoff, mm) was measured after each runoff event. Buckets were set up under each plot to collect runoff and sediment after precipitation event. 
Reference evapotranspiration (ET0, mm) was calculated by using FAO (Food and Agriculture Organization of the United Nations) recommended software (ET0 Calculator, 3.2) and methods (https://www.fao.org/3/X0490E/x0490e00.htm#Contents). 
The calculation formula of ET (evapotranspiration) was as follows:
	ET=ET0 • (Kcb + Ke)
	(3)


Kcb is the basal crop coefficient, and Ke is for soil evaporation. 
The calculation method named dual crop coefficient approach was derived from FAO (https://www.fao.org/3/X0490E/x0490e0c.htm#evaporation%20component%20(ke%20eto).
2.3 Water budget value
According to the principle of water balance, the water budget (D, mm) per unit volume of soil layer in a certain period of time could be expressed as:
	[bookmark: _Hlk90321832]D=P-ΔS-R-ET
	(4)


P (mm) means precipitation. Water budget describes the ability of an ecosystem to recharge water by runoff or seepage into the deep soil. If D > 0, it indicates that there is excess water in the soil layer which would cause runoff or deep seepage. If D ＜ 0, it means that the ecosystem needs to obtain replenishment from deep soil water to meet the need of surface evapotranspiration. The shift in D represents the ecosystem's features of water production and consumption, which could be an indicator for utilization of water resources in the Loess Plateau.
3. Results 
3.1 Temperature and precipitation
Fig. 1 exhibits the monthly average temperature and precipitation changes during the growing season from 2015 to 2016, and long-term values (1990-2014) are used to be compared. The monthly average temperature presented an asymmetrical unimodal change. The temperature in 2015 was similar to the long-term value, but the temperature in 2016 is 5% higher than the long-term value.
The total precipitation of the growing season in 2015 (293.4 mm) and 2016 (164.8 mm). The total precipitation of 2015 was 90.00% of long-term value. Precipitation in July 2015 was particularly high, but it showed an opposite performance in the next month. Precipitation of the growing season in 2016 was 51.47% of the long-term mean value. 2015 was deemed as a normal year, and 2016 was a dry year.

[image: ]
Fig. 1. Monthly temperature and precipitation in 2015 and 2016 compared with the long-term mean values (1990–2014). 
[bookmark: _Hlk87881437]3.2 Soil water dynamics in the 0–100 cm soil layer
[bookmark: OLE_LINK27]3.2.1 Monthly SWC dynamics
[bookmark: _Hlk87302084]The monthly soil water storage under different terraces and vegetation measures were analyzed (Fig. 2). Correlation analysis results indicated that during 2015, SWC of each plot was significantly related to precipitation (p<0.005), with the highest and the lowest SWC in July and May, respectively. Compared with the beginning of May, SWC of Z-P.o dropped by 6.90 % in the end of October, but others increased by 4.3% (F-P.o) and 15.1% (C-P.o). During the growing season of 2015, average soil water storage among terraces and vegetation measures were in the order of A-P.o (109.61 mm) > F-P.o (102.72 mm) > C-P.o (88.30 mm). Paired samples test result showed that the differences between the groups are extremely significant (p<0.001). But the gap between A-P.o and F-P.o was relatively small, especially in the abundant rainy months.
In the dry year of 2016, the total precipitation depth in the growing season was 51.47% of the long-term mean precipitation value. Compared with 2015, SWC declined significantly in 2016, also showed a stable performance in each type of measure due to less precipitation. SWC of each plot was still significantly related to precipitation as a whole (p<0.005). In general, the difference in SWC of the same plot in different months was still significant (p<0.005). Compared with May, at the end of the growing season (October), soil water reduction happened in each plot, and the max reduction (15.34 %) was in A-P.o. Sorting of SWC in 2016 had a consistent performance as that in 2015. Mean soil water storage were in the decreasing order of A-P.o (85.30 mm) > F-P.o (85.30 mm) > C-P.o (71.98 mm). Paired samples test result showed that the differences between the groups are significant (p<0.005).

	[image: ]
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Fig. 2. Mean monthly SWC in different months for 2015 and 2016.
[bookmark: OLE_LINK20][bookmark: OLE_LINK16][bookmark: _Hlk90325816]Overall, in 2015 and 2016, soil moisture of zig terrace with P. orientalis were highest. Compared with normal year (2015), in the dry year (2016), average SWC of each plot decreased in the order of A-P.o (22.18%) > F-P.o (19.61%) > C-P.o (18.49%) (Tab. 2). Compared with normal year, the SWC in the dry year decreased over 30% in July, and A-P.o declined the most (37.10 %). This also resulted in the total amount of soil water in 2016 being smaller than last year. On the whole, the amount of reduction gradually increases in the early part of the growing season, reached its peak in July, and then gradually decreased in the latter part of the season. 

Tab. 2 Change ration of SWC between normal year (2015) and dry year (2016)
	[bookmark: _Hlk92978047]Month 
	F-P.o
	A-P.o
	C-P.o

	May
	-3.02%
	-6.49%
	12.98%

	June
	-11.00%
	-27.07%
	-21.69%

	July
	-31.65%
	-37.10%
	-36.82%

	August
	-27.63%
	-21.40%
	-16.45%

	September
	-24.47%
	-21.87%
	-23.14%

	October
	-13.12%
	-14.97%
	-16.80%

	Whole growing season 
	-19.60%
	-22.18%
	-18.49%


3.2.2 SWC in different depth
The differences in terrace and vegetation measures lead to different water use efficiency, which can influence soil moisture characteristics (Fig. 3). 0~100 cm soil depth was divided into 2 layers. Soil layer between 0 to 40 cm was shallow depth which was easily affected by the external environment and the magnitude of the change was large. Soil layer between 40 to 100 cm was considered as deep depth, because SWC tended to stabilize.
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Fig. 3. SWC characteristics in different depth for 2015 and 2016.
SWC of F-P.o and C-P.o were highest at deep layer, and lowest at shallow depth in 2015 and 2016 (Tab. 3). Compared with the shallow layer, the SWC in deep layer of F-P.o and C-P.o increased by 30 ~ 50% in both years, and soil water gradually decreased from shallow to deep layer in dry year (2016). Compared with the shallow layer, the SWC changes in deep layer of A-P.o was not obvious in both years.
By comparing different measures, we found that SWC of A-P.o was the highest at all levels in most cases, and C-P.o had the lowest performer, moreover, the difference in soil water at the shallow depth was the most significant (34.99% for 2015, 41.95% for 2016). The difference at deep depth was the smallest gap (17.22% for 2015, 6.20% for 2016).


Tab. 3 Mean SWC at different layers in 2015 and 2016
	[bookmark: _Hlk89286915]Soil depth (cm)
	2015
	2016

	
	F-P.o
	A-P.o
	C-P.o
	
	F-P.o
	A-P.o
	C-P.o

	0~40
	9.08%
	10.69%
	7.82%
	
	7.30%
	8.81%
	6.21%

	40~100
	11.03%
	11.15%
	9.51%
	
	8.89%
	8.35%
	7.86%


By comparing the performance of different terracing and vegetation measures in the two typical hydrological years, the results showed that, in a dry year, the SWC dropped at all depths (Tab. 4). SWC in the shallow depth of C-P.o (-21.66%) had the biggest change, while at deep depth the max reduction happened in A-P.o (- 25.11%). In the face of drought, SWC of A-P.o had maximum reduction (-22.18%), and C-P.o owned minimal reduction (-18.77%).

Tab. 4 Compared with normal year (2015), the change of SWC in different soil depth of each month in dry year (2016)
	Soil depth (cm)
	F-P.o
	A-P.o
	C-P.o

	0~40
	-19.58%
	-17.62%
	-21.66

	40~100
	-19.41%
	-25.11%
	-17.35

	Total
	-19.37%
	-22.18%
	-18.77%


[bookmark: _Hlk87900883]3.3 Runoff
[bookmark: OLE_LINK14]Runoff accounted small of hydrologic cycle, but it illustrated significant differences in performance between different months (Fig. 4). The highest production flow occurred in June and July, and no runoff appeared in October. Cumulative runoff in the normal year was ranged from 2.01 to 5.09 mm, while in the dry year was ranged from 3.54 to 6.43 mm. In the normal year, the runoff of terraces was much smaller than natural slopes. In the dry year, the difference of runoff between terraces and natural slopes still existed, but it was reduced. The phenomenon was especially obvious in the early part of the growing season, which was related to longer precipitation duration and higher precipitation intensity. In general, plots with terraces measures generated less runoff than its natural slope.
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Fig. 4. Mean monthly runoff (mm) over the growing season for 2015 and 2016.
3.4 Evapotranspiration
ET seemed to be affected by precipitation and temperature. Cumulative ET in the normal year was ranged from 281.27 to 288.07 mm, while in the dry year was ranged from 291.65 to 301.25 mm (Fig. 5). In general, ET in the dry year was higher for 3.44% ~ 5.10%. The ET (evapotranspiration) peaked at July, followed by June (> 70 mm/month), and showed smallest in October (< 30 mm/month). ET in the early part of the growing season was higher than that in late growing season.
The ET was followed in the order of C-P.o > F-P.o > A-P.o in both dry and normal years. The impact of terrace measures on ET showed inconspicuous differences.

	[bookmark: _Hlk90326370][image: ]
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[bookmark: OLE_LINK17]Fig. 5. Mean monthly ET (mm) over the growing season for 2015 and 2016.
[bookmark: OLE_LINK21]3.5 Water budget change
3.5.1 Monthly variation of water budget
The monthly changes of the water budget (D, mm) in the 2015 and 2016 growing seasons are shown in Fig. 6. 
During the growing season in 2015, performance of water budget was not smooth, but fluctuated with changing precipitation and water consumption. Water budget of each treatment was positive in May, July and September, when precipitation was higher than water loss (Fig. 6a, c, e). The highest water budget was always at beginning of growing season (May) when water loss was still low. The lowest water budget was on June because the precipitation cannot meet water consumption for the vigorous vegetation grows. Even if no insufficient precipitation for October, ET at the end of the growing season was greatly reduced, and water budget was close to 0. 
In the drought year (2016), the water budget of every month was negative except for May when rainfall exceeded water consumption. In June, the precipitation dropped sharply, resulting in the lowest water budget. However, since then, with the slow increase in precipitation and decrease in water loss, the water budget was close to balanced state but still under 0 mm.
Precipitation was the primary factor affecting water balance in such arid area. Evapotranspiration and soil water were the main approach of water consumption, and water loss was most severe in June and July, when the climate was comfortable for vegetation growth.

	[bookmark: _Hlk90326531][image: ]
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Fig. 6. Water budget (mm) in different months for 2015 and 2016.
3.5.2 Annual change of water budget
Annual water budget is shown in the Tab. 5. Total water budget in the growing season of 2015 was followed in the order of A-P.o (29.62 mm) > C-P.o (18.03 mm) > F-P.o (2.32 mm). This year, the total water budget of each plot was positive. It showed that there was a surplus of water in the year in all plots. Compared with the natural slope, terrace measures helped to increase water retention. A-P.o had the best performance for storing the biggest moisture, while the water storage for control group was closed to 0 mm, which was the lowest. The results show that the most significant effect of terrace was to increase the soil moisture content (Tab. 6). For example, by storing soil moisture, zig terrace maximized the community's moisture budget.

Tab. 5 Annual variation of water budget and its components (mm) in 2015 and 2016
	Year
	2015
	
	2016
	
	Year gap (2016 – 2015)

	Plots
	F-P.o
	A-P.o
	C-P.o
	
	F-P.o
	A-P.o
	C-P.o
	
	F-P.o
	A-P.o
	C-P.o

	P
	294.4
	
	164.8
	
	-129.6

	ΔS
	-8.86
	-19.17
	-1.08
	
	-17.55
	-27.92
	-20.44
	
	-8.69
	-8.75
	-19.36

	ET
	281.27
	281.05
	288.07
	
	295.63
	291.65
	301.25
	
	14.36
	9.70
	13.17

	R
	3.96
	2.01
	5.09
	
	6.34
	3.54
	4.71
	
	2.39
	1.53
	0.38

	D
	18.03
	30.52
	2.32
	
	-119.63
	-102.47
	-120.71
	
	-137.66
	-132.99
	-123.03

	[bookmark: OLE_LINK15]P: precipitation; ΔS: change in soil water storage; ET: evapotranspiration; R: runoff; D annual value of water budget



Tab. 6 Compared with control slope, changes in water budget and its components (mm) by terrace measures
	Year
	2015
	
	2016

	Plots
	F-P.o
	A-P.o
	
	F-P.o
	A-P.o

	SWC
	14.40
	21.30
	
	10.60
	13.30

	ET
	-6.80
	-6.13
	
	-5.62
	-9.60

	R
	-1.12
	-3.08
	
	1.63
	-1.16

	D
	15.71
	27.29
	
	1.08
	12.24

	S: soil water content; ET: evapotranspiration; R: runoff; D annual value of water budget



[bookmark: _Hlk88409043]In 2016, water budget value of each plot were overall negative (Tab. 5).The total water budget in growing season of 2016 was followed in the order of A-P.o (-102.47 mm) > F-P.o (-119.63 mm) > C-P.o (-120.71 mm). Since the precipitation in this year was only 51.47 % of the normal year, this had led to a significant reduction in water income. At the same time, because the vegetation cannot meet the demand for soil water, it only had to absorb deep water. Compared with natural slopes (Tab. 6), water loss was reduced due to terrace construction (A-P.o for 12.24 mm, F-P.o for 1.08 mm).
Water budget of each plot in normal year (2015) was higher than dry year (2016) (Tab. 5). Excluding meteorological factor, there were differences in ET and SWC between 2 years which also caused water budget change. When the drought hit, water loss increased.
[bookmark: OLE_LINK18][bookmark: OLE_LINK28]Compared to natural slopes, fish-scale pit and adverse grade tableland terrace can improve water budget. Through the transformation of terraces, ET can be reduced and soil water can be increased. Adverse grade tableland terrace had the best performance for water storage both in normal and dry year. 
[bookmark: _Hlk88831076]4. Discussion
4.1 Effect of terrace measures on soil water content variation
Soil moisture will be affected by differences in land use and management approaches (Xu et al., 2021). Terrace has been proven to play a significant role in soil water improvement, which is critical for plant survival in water-limited regions (Zhang et al., 2017). It was illustrated by the difference in soil water storage between terraced and natural slope treatments (Wei et al., 2021). 
This study examined the soil moisture values of 2 terrace type compared with natural slope. The results show that in different months, the SWC under the terrace was always higher than that of the natural slope (Fig. 2). This was a noteworthy apparent suggesting that the water consumption pattern could be modified with the structure of terracing (Feng et al., 2016). Terrace measures can alter the surface morphology, protecting the soil from water erosion (Zhang et al., 2021). This morphological alteration enhanced precipitation residence time in cultivated land, allowing more water to penetrate the soil (Zhang et al., 2015). The successful ecological measures for reducing water erosion on the Loess Plateau, are adverse graded tableland and fish-scale pits (Yu et al., 2017). Mescolotti et al conducted a research in arid and the result suggested terrace measures could increase water productivity (Mescolotti et al., 2021). The findings in western India revealed that combining trees and terrace in soil water conservation strategies improved agroecosystem resilience (Kumar et al., 2020).
Due to the effects of precipitation, SWC in the shallow layer has an isotopic fractionation, while the SWC in the deep layer is relatively stable (Che et al., 2019). Platycladus orientalis is an afforestation tree species in northern China (Luo et al., 2019). The recharge depth of precipitation to the soil moisture is concentrated in the depth of 0 ~ 40 cm, and the main scope of water absorption by the roots is distributed in deeper layers (Deng et al., 2021). Moreover, the surface soil is more severely affected by external environment than the deep layer, so the deep soil water can provide a relatively longer-term stable water source (Qin et al., 2021). 
During the growth season, SWC peaked at July when precipitation was plentiful, and decreased at the end (Fig. 2). In the arid region, precipitation is the main factor affecting the dynamic changes of soil moisture (Qiang et al., 2021). Meteorological conditions are important factors restricting the variation of SWC (Xu et al., 2018). When vegetation just entered the growing season, water requirements were higher than at the end of the growing season when temperature decreased (Fang et al., 2021).
[bookmark: _Hlk88596054]4.2 Effect of terrace measures on runoff
Drought and soil loss are the main problems for ecological environment in the Loess Plateau, and rain regulation is an important way to solve this contradiction (Dang et al., 2020). As shown in Fig. 4, in 2015 less runoff was generated by terraces, especially by A-P.o. In 2016, A-P.o still had the smallest runoff, but F-P.o generated more runoff than C-P.o which might be due to measurement errors. Terrace can allocate precipitation to maintain drought and soil, also a valid precipitation control measure by improving the slope structure (Zhou et al., 2021). Terrace can help to reduce surface runoff, in this way, runoff brushes and erosion can be reduced, and the runoff can be stored in the terraced field, forming a small water storage system (Xiang et al., 2020).
[bookmark: OLE_LINK6]In 2015, most runoff occurred in June and July that precipitation was abundant. Among them, monthly flow rate was less than 1 mm of A-P.o. Compared to natrual slope, A-P.o greatly reduced the flow production. Though F-P.o also decreased runoff but only in July, it was significantly different from natural slope. After the implementation of GGP in the Loess Plateau, the ecological welfare forest effectively reduced runoff, runoff event only occurred when adequate precipitation happened (Yang et al., 2018). In the dry year (2016), runoff in some months was higher than the past adjacent year. Runoff is not only related to the precipitation, length of precipitation and precipitation intensity are also important factors (Li et al., 2018).
4.3 Effect of terrace measures on evapotranspiration
In this study, model from FAO was used to estimate the ET of the test plots, also compared with other test results in the adjacent areas in the Loess Plateau (Xu et al., 2020). By comparison, it can be concluded that the estimated results can be used. After entering the growing season in May, the ET gradually increased until the peak growth period reached the annual peak in July. The seasonal variation of ET showed a "single peak" characteristic in July (＞70 mm) for each plot, the magnitude of ET in this area was significantly affected by vegetation growth. Since then, the ET gradually decreased, falling back to the lowest value of the year in October. The minimum monthly ET did not exceed 30 mm.
Terraced measures can effectively promote vegetation growth, reduce the evaporation of the soil (Klopp et al., 2020). However, meteorological conditions have a more significant impact on ET in the arid region (Liu et al., 2018). In this study, ET of each plot had no significant difference due to arid climatic condition in the Loess Plateau. ET of arid year was higher than the normal year. In arid years, accompanying temperature rised and precipitation decreased, these factors promoted soil transpiration and accelerating the consumption of soil water (Fu et al., 2020).
4.4 Effects of terracing on water budget change 
In general, terrace measure is a good approach to reduce soil desiccation and increase soil water in vegetation restoration zones (Luo et al., 2020). Terrace has a fixed capacity for water storage and a larger infiltration area owing to the modified surface area (Mesfin et al., 2019). The complexity of the surface structure increases by terrace, which can lessen the impact of water erosion by allowing higher runoff to infiltrate (Li et al., 2020; Yamaguchi et al., 2021).
As the main water source of the loess plateau, the change of precipitation determines the water conservation level of the ecosystem (Xu et al., 2018). Our observations showed that under different precipitation conditions, the water budget of terrace and natural slopes showed different characteristics (Fig. 6). In the normal year, terrace can increase the water budget, while in dry year, terrace can reduce water loss. The findings are comparable with prior studies on the influence of terrace construction in China (Zhang et al., 2019; Yang et al., 2014). As mentioned earlier, terraces can increase soil moisture and reduce water loss by reducing the ground slope and improve precipitation storage duration (Tarolli et al., 2014).
Porosity is a fundamental feature of soil structure in the Loess Plateau, influencing soil reservoir under natural vegetation recovery (Zhao et al., 2010). The soil structure in shallow soil layer has a peculiar low capacity for soil water storage (Zhang et al., 2018). Previous research showed that terrace could maintain high soil aggregate stability (Xiao et al., 2021; (Du et al., 2020). The infiltration excessed situation, which is frequent in China's dryland, produced the bulk of runoff (Keesstra et al., 2020). The mechanical compaction and deep tillage used in the slope-to-terrace project have different influences on soil physicochemical properties, as well as biological characteristics (Li et al. 2011). Terrace is one of the most essential soil and water conservation methods by improving the macropore volume of soil in the Loess Plateau and many other dry mountains of the world (Cao et al., 2021; Li et al., 2008). 
The water budget of each plot showed obvious seasonality, and the phenomenon was particularly in normal year. In 2015, water budget was positive in months when precipitation was abundant or ET was not high. Under the condition of water deficit, ET is an important factor affecting water budget (Gong et al., 2018). However, the influence of soil water on water budget was more obvious. 2 terrace measures both effectively improved the soil water content and reduce runoff. In accordance with former studies, adverse grade tableland can store more water in arid place (Yu et al., 2019). This discrepancy might be attributable to runoff connection, which is controlled by the terrace construction (Gao et al., 2020). As a consequence, utilizing this terrace may generate less runoff and sediments, so saving water for plant development. 
5. Conclusions and suggestions
[bookmark: _Hlk108911785][bookmark: OLE_LINK2]Dynamic changes of water balance and its components in normal and dry years were analyzed. In this study, we found that the terrace measures helped to reduce water consumption. (1) In both normal and drought years, terraces can provide water retention benefits and help alleviate the ecological problems of drought in the arid area. Compared with the water budget of natrual slope, adverse grade tableland promoted 12.24 and 27.29 mm per year, fish-scale pits promoted 1.08 and 15.71 mm per year. Terracing measures mainly improve soil water retention. However, due to the extreme arid and hot climatic conditions, transpiration remained the main water loss item. (2) The terraced slope structures effectively retained precipitation and increased soil water, which were the most significant advantages of terraces. However, precipitation was unevenly distributed between months and years, which lead to uneven changes in water balance. (3) Hence, in order to improve the water balance in arid area, not only to consider the effect of terracing measures on the transformation of slopes, but also the water consumption characteristics of the vegetation.
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