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Progress in research on field warming methods
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Abstract Global warming is one of the main environmental challenges faced by humans. An extremely fast
temperature increase will have a profound effect on plant physiology, vegetation distribution, soil microbial
activity, soil organic matter mineralization, and material cycling. Therefore, research on global warming has
been a popular topic for scientists worldwide in recent decades. Field warming experiments are one of the
most commonly used methods for studying global warming. Owing to the different geographical environments,
vegetation type characteristics, and research objectives in the study area, various types of warming experiments
have been designed according to the warming effect of warming equipment and experimental requirements.
The heating effects and applicability of different research equipment are different. In this study, warming devices
were classified into two categories: passive warming, which reduces the energy dissipation of solar radiation,
and active warming, which depends on the power input. This review discusses the advantages, disadvantages,
and applicability of all types of temperature increasing equipment from the principle and method of the device,
the actual warming effect, and the implementation difficulty and maintenance under field climate conditions
and summarizes the limitations of the heating equipment during use. The challenges to be solved in the future
are the difficulty in temperature increase caused by temporary or long-term surface flooding, high soil moisture
in wetland ecosystems, and high specific heat capacity of water, as well as the difficulty in implementing high
canopy temperature increases in forest ecosystems. In addition, it is suggested that large-scale, long-term
temperature change experiments should be adopted for future warming in order to achieve accurate warming
simulations and obtain real ecosystem responses.

Keywords field warming device; active warming; passive warming; soil column moving; long-term warming
experiment
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Table 1 Comparison of advantages and disadvantages of ecological field warming experimental devices
W E L {7953 Z IR
Warming device Advantage Disadvantage Reference
i 2= T4 FeE A Ty, AEA AT, 3 A ot XA ) S 6 FER RO BRI ME R B /N, R m e B A /NVRE [20, 25-27]
Greenhouse, The device is simple. The equipment maintenance The warming effect increased greatly in daytime and
open-top chamber is simple. It is suitable for long-term experiments small in night. The microclimate is affected in the
in remote areas. device
ey e A1 T, AR TR R, 3 A it XK S 56 R IR A SN AT REIE AR VE AR 2R [16, 31, 36]
Snow fence The device is simple. The equipment maintenance The water input will change. Litter accumulation may
is simple . It is suitable for long-term experiments increase
in remote areas.
LLHNEL I i A RO IR IR ToVEAE ARG, FRAE R R RFIK KR ] 52 5 75 [40-41]
Infrared reflective curtain The device can effectively increase the night By 1IE BRI
temperature The device cannot warm up during the day. It is
necessary to retract the reflective curtain in the
daytime, rainy days and windy days to prevent
damage
I g, IR U AT, B SCR RT I B R Ak PR, IR, F IR A A, Tk [43-45]
Heating cable, The equipment can control the temperature. The  l#A4 < Fl it Fe il ik
heating rod warming effect can reach the depth of soil The equipment needs power supply. The soil is
disturbed greatly in the process of layout. Local soil
temperature is not uniform. The device cannot heat
the air and vegetation
AR/ AR TR, X R LIRS, AR TR, kR [11, 46-48]
Infrared radiator Wiz The equipment needs power supply. The device
The equipment can control the temperature. It cannot heat the air
has little disturbance to surface vegetation and
soil. The equipment does not affect the air flow
LR, IR E I B IR AT A AR, AN R b T A R [50-52]

Soil column moving,
soil column refilling
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Soil column affects the input and output of water and

Ferh B %, M T HOPE R S

The simulated warming accords with the natural

rhythm. This method can concentrate the

cultivation of soil and vegetation in different sites.

nutrients. The physical properties of heavy fill column
soil changed

The data obtained from soil column experiments

are of high comparability and repeatability
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