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Kathmandu has undergone significant urbanization over the past decade, resulting in consistently
warmer peri-urban regions compared to nearby rural landscapes due to the urban heat island
effect. This study examines how baseline warming interacts with monsoon droughts to affect
grassland ecosystems.

Using the Kathmandu Valley as a case study, we analyzed monsoon-season (June-October) data
from 2000 to 2022, comparing land surface temperature (LST) and Normalized Difference
Vegetation Index (NDVI) from MODIS, volumetric soil moisture from ERA5-Land, and reference
evapotranspiration (ETO) from Terra-Climate between peri-urban and rural grasslands. Grasslands
were considered instead of agricultural regions to avoid the effects from irrigation. The premises
of Tribhuvan University were chosen as the peri-urban location for their closeness to the core-city
region and Changunarayan (Bhaktapur) was chosen as a rural location. The Standardized
Precipitation Index (SPI-3) was derived from historical precipitation records (1980-2020) and
drought years were identified by negative monsoon-mean SPI values.

The results reveal a persistent peri-urban heat penalty throughout the study period. On average,
peri-urban grasslands were 0.94°C warmer than their rural counterparts. This contrast increased
to 1.15°C during non-drought years but narrowed to 0.5°C during drought years, as rural
grasslands experienced sharper warming related to soil moisture depletion and reduced
evaporative cooling. Despite the partial thermal convergence, the peri-urban zone experienced
greater ecological stress during droughts, with NDVI declining by approximately 4% relative to
rural areas as soil in peri-urban region are 1.12% drier during droughts compared to rural
grasslands. An average potential evapotranspiration difference of 23.6 mm exists between the
region, and during droughts, the evapotranspiration is 2.66% higher in peri-urban region.

These findings demonstrate that monsoon drought reduces spatial thermal contrasts but does not
eliminate peri-urban vulnerability. Persistent background heating in peri-urban landscapes results
in elevated vegetation stress even when meteorological drought conditions are similar. These
results highlight the importance of peri-urban land management and thermal mitigation strategies
in reducing ecological stress under increasing climate variability in rapidly growing cities.
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