Comparison of GRACE with in situ hydrological measurement
data shows storage depletion in Hai River basin,
Northern China
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Abstract
Water storage change has implications not only for the hydrological cycle, but also for sustainable water resource management in especially semi-arid river basins. Satellite/remote sensing techniques have gained increasing application in monitoring basin and regional hydrological processes in recent decades. In this study, the latest version of GRACE (Gravity
Recovery and Climate Experiment) is used to estimate total water storage change in the Hai River basin (HRB) of Northern
China for the period January 2003 to December 2006. Time-series comparisons show a good agreement between the estimated storage change from the GRACE satellite data and in situ hydrological measurement data at especially the seasonal
cycle with R = 0.82 and RMSE = 17.25 mm. The good agreement suggests that GRACE detects storage change in the
318 866 km 2 HRB study area. It also implies that the in situ hydrological measurements of soil moisture and groundwater
sufficiently characterise storage change in the semi-arid river basin. Change in soil moisture storage is less than that in
saturated storage, suggesting that storage depletion in the basin is mainly in the saturated zone. Both the GRACE and
hydrological measurement data indicate storage loss in the range of 12.72 to 23.76 mm/yr – a phenomenon that has been
detected in previous studies in the basin. GRACE hydrology data could therefore be handy in monitoring storage dynamics
and water availability in the study area. As GRACE data are available for virtually every region of the world, their application in conjunction with hydrological models could improve hydrological studies. This may lead not only to water balance
closures, but also to sustainable water resource management at basin to regional scale.
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Introduction
Water shortage on North China Plain (NCP), the largest wheat/
maize production zone in China, is a limiting factor to socioeconomic development in the region (Guobin et al., 2004;
Yang et al., 2006). Per-capita water availability on the plain is
amongst the lowest globally (Nakayama et al., 2006). Since the
founding of the People’s Republic of China in 1949, flow has
dropped to insignificant levels in almost all the rivers on the
plain due largely to repeated dam construction for hydroelectric
power generation, and urban/industrial water supply (Brown
et al., 2005). Hence agriculture, the main stay of the larger
rural population, relies heavily on groundwater irrigation to
ensure sufficient food production for the staggering population.
Agricultural irrigation has induced severe groundwater drawdown in the region, which is occurring at an estimated rate
of 1.5 to 2.0 m/yr. It is feared that water shortage on the plain
would develop into a major social crisis if sustainable countermeasures are not implemented in time (Fei, 1998; Brown et al.,
2005; Yang et al., 2006; Blanke et al., 2007).
Before the satellite age, monitoring of storage availability
and exploitation relied largely on piezometric data and ad hoc
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model simulations. Such measures were often limited by elaborate input requirements and parameterisation, data inconsistency
and complicated data formatting, spatial and temporal data gaps,
and instrumental and human oversights (Rodell et al., 2007). In
recent decades, however, more direct and efficient methods have
been developed to monitor storage dynamics and availability in
especially (semi)-arid river basins. One such method is GRACE
(Gravity Recovery and Climate Experiment).
GRACE has been proven reliable, and it offers a great
potential for water storage closure on basin to regional scale
(Swenson et al., 2006; Yeh et al., 2006). GRACE data are
available for virtually all river basins and can be inverted for
water storage change in the thin layer of the earth (Brunner et
al., 2006; Swenson et al., 2006) with unprecedented accuracy
(Tapley et al., 2005; Flamsteed, 2007). GRACE is promising
because no global network exists of hydrological observations
with temporal and spatial resolutions necessary to characterise
storage on regional to continental scale (Swenson et al., 2006;
Klees et al., 2006; Chen et al., 2007).
GRACE mission was jointly launched by NASA (National
Aeronautics and Space Administration) and DLR (Zentrum für
Luft-und Raumfahrt) in March 2002. The mission was due to
expire in April 2007, but has been approved to continue through
early 2010 (Rodell et al., 2007). GRACE consists of 2 satellites
(trailing each other at a distance of ≈220 km) in identical earth
orbits. The satellite-to-satellite separation distance is monitored
by highly sensitive onboard microwaves as they move over
gravity highs and lows (at an initial altitude of 485 km).
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