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on Estimation of Anthropogenic Heat Flux from Satellite Observation

HEHE FE |
BlIff BB &K Ak’
BIEES ARk EA

ESAMIBRERER TFEHRN ERIFER
BE - BmTHS a2

ME 5

2026 E3 A 9H



MXEE

BMET -3 ZRAVEAIHREEICR T SHERRTEDEZERN
A B

LA, BHTEE CIEA TR R OIRe o R L F—HEOEFIC LY, FH L LRIENE
7pbbe—hTA 7y FESGHNBEFELL TWD. ARIEENCH K L TRRP~EEH S
D NLTHEBE, BBihids K O DRGSR RE R B2 RIETT 2 enmbinTsy, A
THRDOEEIZL OV E— T A 7 RERPMLEIND Z ERHEIN TS,

AT, fEBHT — 2 123D < BUEEE W T2 N THEBER 1233 C, BN - 2L
77 w7 ARMICHWO NS MEROREFIEDN, N LHEHEERRICE 2 2 8% M
T EEEME Lo, NTHENIER T OBIREE A% 52 573, ﬂW§$TiAI
RN RN X I DFEEE L TR ENS T2, AJ1/NT A —2 OFTEFIENHEE
RIZ ﬁ%<%@?é.%m%m%ﬁﬂiﬁu%ﬂ?ékbwﬂ7%~5®—ofﬁéﬁf
FIL, SLAEE 2 HET 2 EERNRT A =X THAHIT L 0b BT, ZTORTEITEDE NN
N THEBEE I R IET B O TSI SN TW RV ORBIRTH 5.

AAFFETIL, ARG A R U7 M R OREE] & LT Kanda U2 D0 TR S
NIHER, #ERIE< AV ST E 7 SUMEHLE R, 3 JOWEBIT — % 2 W THE L
TTHERO, HERRETIEOR LD 3HEE G L L, TEn g Hviz N THEREER
R U7z, fRETRI G & UC, AR TS T A Al oD 7 2 B AU 7 J6 JX ONIU [ i
EERIE L, 2024 FD 1 %18 U722 LIS K OZEM 55340 D 225 2 54 L 7-.

BEBINT — & % OO RHEE T, BUEERE T 7 1(DSM) & BUEE 5 € 7 /L (DEM)
LoESFEYE SERE L, HinXoiE B L OEBIROITIC L D HEEEZ R AT, O
B, FEER oM H CIXHE B O8N E <, —J5 T DSM, DEM, &FEDE(NTL), i
FEEINDVD) & W o T2 7 — Z 2 W2 B BT L o THEE L7CHLEER i, B
FELIPMUERFIZENT, FOHEET —4X—X & —EREORWEEZ R Z &
DGR SN, ZD7®, RN ClI2EINT — % 2 W COEfiF L7oHER & U CERYR
T E HWTHEE LT-HER AR L.

3FSEOHE E % W C A THERVA HEE U bbls U7 A5, A F G IS Ra E D
INBEN VBT T > 7 A% U C AN LHFEMEEEIC KB S 20, F5IC B RA7IZ 38V T2 D%
WHETHD Z LIRS NT. —F, FEDAMTIE, K572 SHERUAOER O
BENRKREL D, MERREDEWD N THEEHEE R R IR TR S 1 < VWM E
DRI Nz, £, mEBNT — 2 ICESHERIL, B, &Y HtOm Gz
W, Kanda sUHLE R & FIW T2 HEE & N THEBVD ZE ] o0 A0 oWl 28k, BETERISE & DX IEE
FRSERIT A 2R 2 & AR S .

LB X0 AT, N LHERHEE 2361 2 HLE KRR E DR 8803 sk RetE 36 X ONReRE 47 12



Lo TRESLSERDZLEZWHLNTT D L & HIT, BT ARCEHEM, 7 — 2 BIEHRIUIIE T
THERREFIEORRNMEETHLZ L 2R,

F—U—F #ifiRdE, BUCdE, v HER



Abstract

Influence of Roughness Length Parameterization
on Estimation of Anthropogenic Heat Flux from Satellite Observation
Haru Ikeda

In recent years, urban areas have experienced a pronounced intensification of the urban heat island
phenomenon due to the expansion of urban surfaces and the concentration of energy consumption.
Anthropogenic heat released directly into the atmosphere as a result of human activities is known to
significantly affect urban and regional meteorological conditions, and its contribution has been
reported to exacerbate the urban heat island effect.

The objective of this study is to systematically evaluate the impact of roughness length
parameterization on anthropogenic heat flux estimates derived from a satellite-based surface energy
balance approach. In the surface energy balance method, anthropogenic heat is estimated as a residual
term of the energy budget, and therefore the choice of input parameters can strongly influence the
estimation results. Roughness length, which serves as a key parameter for incorporating urban
structure into the energy balance framework, governs turbulent heat transport; however, the influence
of different roughness length parameterization methods on anthropogenic heat estimation has not yet
been sufficiently examined.

This study compares anthropogenic heat estimates obtained using three types of roughness length:
roughness length based on the Kanda formulation, representing an urban-structure-based approach;
literature-based roughness length assigned according to land-cover categories; and roughness length
estimated using multiple regression models based on satellite observation data. The analysis focuses
on two regions with different urban scales and land-cover compositions—the Kanto region and the
Shikoku region—and evaluates differences in temporal variation and spatial distribution over the year
2024.

For the satellite-based estimation of roughness length, building height information was derived from
the difference between digital surface models (DSM) and digital elevation models (DEM), and both
direct application of theoretical formulations and multiple regression analysis were examined. The
results showed that roughness length distributions derived directly from theoretical formulations
exhibited poor reproducibility, whereas multiple regression models incorporating DSM, DEM,
nighttime light intensity (NTL), and the normalized difference vegetation index (NDVI) showed
reasonably strong correlations with existing roughness length databases in both the Kanto and Shikoku
regions. Based on these findings, this study adopted the roughness length estimated using multiple
regression analysis based on satellite observation data.

A comparative analysis of anthropogenic heat estimates obtained using the three roughness length



datasets revealed that, in built-up areas, differences in roughness length parameterization are clearly
reflected in anthropogenic heat estimates through sensible and latent heat fluxes, with particularly
pronounced effects during daytime hours. In contrast, in non-built-up areas, the relative contribution
of factors other than roughness length, such as meteorological conditions, becomes dominant, resulting
in reduced sensitivity of anthropogenic heat estimates to roughness length parameterization. In
addition, it was confirmed that roughness length based on satellite observation data can, even under
conditions where detailed urban structural data are unavailable, exhibit similarities to estimates using
Kanda-based roughness length in terms of the spatial distribution and temporal variation of
anthropogenic heat, as well as consistency with previous studies.

Overall, this study demonstrates that the influence of roughness length parameterization on
anthropogenic heat estimation varies substantially depending on regional characteristics and time of
day, and highlights the importance of selecting appropriate roughness length parameterization methods

according to analytical objectives, spatial scope, and data availability.
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