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* Global loess distribution (a) derived from the Global Unconsolidated Sediments Map database (GUM) as was reported by
Borker et al. (2018, source: https://doi.org/10.1594/PANGAEA.884822);

* Loess thickness ranges from 50 to 200 m, some area even exceeded 300 m (b) (Wang et al., 2010);
* Area of the China’s Loess Plateau is 64 x10* km?; 100 million population.
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What is the mass of loess in the Loess Plateau of China?
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The mass of loess (t)
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The total loess mass is approximately 5,450 billion tons, and the average loess
mass over an area of 1 m2is 169 tons, ranging from 1.36 to 585 tons.



_ The thickest loess deposits
~_ ... .inthe world

» The typical loess landforms are “Yuan” (a large flat surface with little erosion), “Liang”

(along narrow range of hills), “Mao” (an oval or round loess hill) and gullies;

« Soil and water processes may be quite different from other arid or semi-arid regions.



Historically, forest cover has gradually declined
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Historical forest distribution on the Loess Plateau (Shi, Nianhai., 2001)



“Grain-for-Green” program improved vegetation cover
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Water determines ecosystem functions and stability

- Soil water: derived from limited precipitation

- Groundwater: deep groundwater level, 30-100 m
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- Inappropriate vegetation restoration measures

and mismanagement: introduction of exotic plant activity

species and high-density planting

- Artificial plants intensify soil drought: a dry soil
P y g y Organism
layer

Soil degradation;

Regional vegetation die-off; =
o
Failure of afforestation; > Soil
- - - - - - m
Aridity in the local climatic environment, etc. S X
S
P(ecfpitafion %
g distribution map 8 \ T
Groundwate t‘ Rock
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Slope scale

Regional scale (typical loess area, 37 X10* km?): An approximate grid-sampling design where one
sampling site was deemed to represent a grid cell covering an area of 40 km X 40 km
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Observations and measurements: _

Soil moisture, soil texture, hydraulic properties, etc; Number of sites: 86
Climatic conditions; Length: 860 km
Land use type;

Vegetation type, plant coverage, etc;

Topographic characteristics.

Location Rainfall (mm)  Depth (m)

Yangling 660 105
Changwu 585 205
Fuxian 550 190
An’sai 505 162

Shenmu 430 56




Plot scale

Re-vegetation intensifies soil moisture decline in the deep profile in the Loess Plateau

™ Cropland KOP: korshinsk peashrub; ALF: alfalfa; NAF: fallow land
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Compared with cropland and fallow land, soil water storage (SWS)
in the 0—4 m soil profile considerably declined in restored
ecosystems with alfalfa or peashrub.

-

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Years(a)
Soil water content (%)

213 778 828 898 993 1116 1249 13.68 1471 1537 16.15 16.85 17.58 18.52 19.43 2048 2054 Y Alfalfa Uncultivated §Farmland

Time series of soil moisture under different vegetation

types, in Shenmu County, the northern LP Zhang et al., 2018, J Arid Land




Alfalfa plantation breaks the balance between soil water availability and water utilization

Soil moisture content (cm?3 cm-3)
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Changes of soil moisture along re-vegetation years. Data was collected
for a soil under alfalfa, in Changwu County, the southern LP

Total precipitation: Evapotranspiration:
8638 mm 9509 mm

Soil water loss
64 mm yr-t

(16 years)

Deep percolation:
109 mm



Soil profile under alfalfain Soil profile under natural grass
Shenmu County iIn Shenmu County




Soil moisture variations along re-vegetation years for black locust plantation
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Jia et al., 2017, J Hydrol



Slope scale

Hillslope A Hillslope B
Spatial variables =~ Temporal statistics 0-1 m 1-2m 2-3m 0-1m 1-2m 2-3m
Mean SWS Mean, mm 139.2 140.1 137.8 109.0 93.2 90.1
SD;, mm 25.4 20.8 19.6 23.6 13.6 13.9
CV., % 18.3 14.9 14.2 21.7 14.6 15.5
SDg of SWS Mean, mm 33.7a 46.5b 42.8b 24.6¢ 30.4a 38.8d
SD;, mm 7.0 5.9 6.0 2.4 4.3 5.6
CVy % 20.8 12.7 14.0 9.6 14.1 14.4
CVg of SWS Mean, % 24.4 33.3 31.1 23.2 32.7 43.3
SD, % 3.2 1.2 0.8 3.6 1.9 2.1
CVy % 13.3 3.6 2.6 15.4 5.8 4.8

e Temporal changes in the mean SWS decreased with increasing
soil depth, while the spatial variation increased. The degree of
temporal—spatial variation of SWS was strongly dependent on
sampling depth.

e Soil texture, elevation, and plant biomass were the dominant

factors affecting the hillslope-scale variations of SWS

Liudaogou watershed, in Shenmu County,
the northern LP

Jia et al., 2013, J Hydrol



Regional scale: South-North transect (860 km long)

Spatial variables Temporal statistics 0-1m 1-2m 2-3m 3-4m 4-5m
Mean SWS Mean, mm 139.7 141.9 140.7 142.3 146.3
SD;, mm 19.8 11.1 5.7 3.3 2.1
CVq, % 14.2 7.8 4.0 2.3 1.5
SDS of SWS Mean, mm 55.2 58.1 62.0 67.4 71.2
SD;, mm 9.3 5.1 3.1 1.8 1.6
CV, % 16.8 8.8 5.0 2.8 2.2
CV, of SWS Mean, % 40.3 41.2 44.2 47.4 48.6
SD-, % 8.8 5.2 3.3 1.3 0.9
CV4, % 21.9 12.5 7.4 2.7 1.9
Ocm-
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South — North Soil water storage (mm) [l |
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e Mean SWS generally decreased from the south to the north;
e The time-averaged SWS along the transect was not significantly different among the
various soil layers;
e Regional-scale temporal changes in the mean SWS also decreased, while the spatial
variations increased with increasing soil depth. Jia et al., 2017, Clean-Soil Air Water:

Zhao et al., 2017, J Soil Sediment



Regional scale: Soil hydraulic properties (Ks, BD and FC)

Ks: saturated soil hydraulic conductivity
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Particle size distribution of soils (0-500 cm) in the Loess Plateau
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Regional scale: The entire loess area (37 X10* km?)

0-5 m available soil water storage (mm)

0-5 m soil water storage (mm) N N
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Available soil water is defined as soil water that can be absorbed and
utilized directly by plants between wilting point and field capacity

e Total soil water in the 0-5 m soil layer reaches up to 270 billion m?3 across the LP, and
available soil water accounting for 42% of the total soil water;
e Regional-scale spatial variation of soil water was dominantly controlled by precipitation

and soil texture.

Cao et al., 2018, Sci. Rep.



Regional losses of deep soil water due to the conversion of cropland to forest

SWS/mm
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e The mean ASWS in the 1-5 m profile across the study area was

203.7 mm, with an estimated annual average ASWS rate of

16.2 mmlyear;

ASWS (mm)

e ASWS depended primarily on mean annual precipitation and

tree age (ASWS gradually increased with tree age in the first 25

years but then tended to decrease).

Soil-water losses (ASWS) within the 1-5

m profile (n = 169)
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Jia et al., 2017, Ecohydrology



Vertical variations of soil moisture content from surface to bedrock
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Vertical distributions of mineral N from surface to bedrock

Soil depth (m)

Yangling Changwu

Fuxian

An’sai Shenmu

Nitrate may have accumulated in the upper 50 m layer in the irrigated
agricultural area Yangling, which has experienced long-term and
intensive agricultural activities; while in the rain-fed agricultural area,
e.g., Changwu, nitrate may have accumulated at shallow depths (30 m

Nitrate transport through the deep vadose zone?
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