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Main Achievements

1. Western U.S. snowpack shapes late-spring downstream precipitation

Alphine snowpack anomalies strongly influence atmospheric downstream hydroclimate, yet the role of the
western U.S. (WUS) snowpack in shaping downstream precipitation remains poorly understood. Using
observations and reanalysis from 1982-2022, we show that March WUS snow water equivalent (SWE) is
significantly correlated with May precipitation in both the Southern Great Plains (SGP; r = —0.45,p <
0.001) and Northeastern U.S. (NEUS; r= 0.47,p < 0.001). Composite analyses contrasting low- and high-
snow years reveal that SWE deficits enhance land surface heating, inducing tropospheric warming and a ridge
anomaly that migrates eastward. By May, this ridge anomaly extends into the central and northeastern U.S.,
suppressing ascent and precipitation in the NEUS while enhancing moisture flux convergence and
precipitation in the SGP. Random Forest analyses further identify WUS SWE as the most important predictor,
with its inclusion substantially improving subseasonal-to-seasonal prediction skill. These findings establish a

previously unrecognized snow-precipitation teleconnection and highlight snowpack as a critical source of
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seasonal predictability.

2. The strong impact of precipitation intensity on groundwater recharge and terrestrial water storage change
in Arizona, a typical dryland

This study demonstrates the critical role of precipitation intensity in groundwater recharge generation and
terrestrial water storage (TWS) change. We conducted two experiments driven by precipitation products with
close annual totals but distinct intensity in Arizona, using the Noah-MP model with advanced soil hydrology.
The experiment with higher precipitation intensity (EXPur) produces an annual groundwater recharge of 6.91
mm/year in Arizona during 2001-2020, ~15 times that of the experiment with lower precipitation intensity
(EXPr1). Correspondingly, EXPr; produces a declining groundwater storage (GWS) trend of —0.51
mm/month, nearly triple that of EXPui. GWS change dominates the TWS trend. EXPr; shows a declining
TWS trend of —0.57 mm/month, nearly twice that of EXPui. Higher precipitation intensity reduces
evapotranspiration and enhances infiltration and percolation, allowing more precipitation to recharge
groundwater. This study underscores the need to ensure the accuracy of precipitation intensity in hydrological
modeling for reliable water resources assessment and projection.

3. Water budgets estimation in Arizona (AZ) using the Noah-MP model with advanced soil hydrology

The Arizona Tri-University Research and Water Reliability (ATUR) Project was launched with the goal to
study locations and methods for enhancing groundwater recharge across the state. The hydroclimate team we
are in is to estimate water budgets in both historical and future periods in AZ. We used the Noah-
Multiparameterization (Noah-MP) model with advanced soil hydrology to estimate water budgets during the
last decades in Arizona. The model was systematically evaluated in simulating various variables, such as
runoff, ET, and snow water equivalent, against different observations. The results show that the model has a
good performance in AZ. Currently, we are projecting water budgets in AZ in the future using the calibrated
model.

4. A method to evaluate land surface models in preserving soil memory

A GEWEX/GASS initiative called “Impact of initialized land temperature and snowpack on sub-seasonal to
seasonal prediction (LS4P)” intended to simulate the effect of spring soil temperature (ST) anomalies over the
Tibetan Plateau on late spring and summer precipitation in East Asia with multiple earth system models. Each
model group conducted a control and sensitive experiment. The sensitive experiment imposed ST initial
anomalies over the Tibetan Plateau. However, it was found that the LS4P models were generally unable to
preserve the imposed ST anomalies and thus had difficulty in generating the observed 2-meter air temperature
anomalies over the Tibetan Plateau. I suspected that this was related to the land surface modules used in the

models. Therefore, I developed a method to evaluate the ability of three widely used land surface models to
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preserve the imposed ST anomalies and proved my suspicion was right. This study is helpful to the land
surface model development.

5. Evaluation of the WRF model in Central Asia

I pioneered the evaluation of the Weather Research and Forecasting (WRF) model in simulating the climate
in Central Asia (CA). After many one-year sensitivity experiments, I found the optimal combination of the
physical schemes for the model in CA, which has been adopted by numerous studies.

6. Regional climate projection in Central Asia

Due to the complex terrain and heterogeneous land surface features in CA, the skills of the global climate
models (GCMs) in simulating the local climate are limited, and the projected results based on the GCMs may
have large uncertainties. In addition, the spatial resolutions of the GCMs are relatively low, and they are not
suitable for driving ecological and hydrological models. High-resolution climate datasets are urgently needed
for ecological and hydrological research in CA. To this end, I used the WRF model to downscale multiple
bias-corrected GCMs to a resolution of 9KM. I systematically assessed the future climate changes in CA and
the potential impact of future climate changes on local agriculture.

7. Mapping the spatial distribution of the spring ephemeral plants in northern Xinjiang, China

To adapt to arid conditions, spring ephemeral plants (SEP) have evolved to germinate in early spring and
wither in late spring or early summer, with their life cycles as short as about two months. In China, they are
mainly distributed in northern Xinjiang. They play an important role in due stability and are food for livestock
and wild animals in the spring. However, their spatial distribution in northern Xinjiang was unclear. To fill
this gap, I used the Moderate-Resolution Imaging Spectrodiometer (MODIS) Enhanced Vegetation Index
(EVI) to map the spatial distribution of SEP based on their unique phenological characteristics. I also
investigated the spatial-temporal evolution of SEP and the impact of climate change and human activities on
the evolution.

8. Development of an agricultural information management system

I worked as a data engineer for a year in a tech company. I participated in the development of an agricultural
information management system for Jilin Province, China. I produced and maintained about two-thirds of this

system's data and wrote over 10,000 lines of code.
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