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2021年 7月，依托北京城市气象研究院行业信息监测与

分析系统，北京气象学会与支撑单位北京城市气象研究院

联合制作了《城市气象科技信息监测简报》，定期为会员提

供科技信息服务。简报每月一期，每期分为文献和咨询两

类。 

目前，学会主要依据城市气象领域的关键词搜索信息，

并形成每月简报。欢迎各位会员向我们提供相关科技领域

信息及其搜索关键词，不断扩充简报的专业领域范围，丰

富简报的内容，以更好地满足广大会员朋友们对快速更新

科技信息的需求。 

同时，热诚欢迎广大会员对简报的科技信息内容、展

现形式、阅读体验和收获感悟等提出建议和点评。编辑团

队将遴选出优秀建议和点评内容刊载在简报上。 

2020年 12月，学会换届成立了第 21届理事会，现拥有

52 家理事单位和 947 名会员。我们希望借助此简报，为广

大会员朋友们提供高质高效的科技信息服务，同时在大家

的支持和帮助下，我们共同将简报建设成为会员交流的友

好平台。  
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❖报告概述 

✧监测周期： 

2022年 02月 01 日 - 2022年 02月 28日 

✧监测主题： 

专题研究——城市边界层、城市气象精细预报、城市气候与生态、人工智能

气象； 

❖专题研究 

✧城市边界层 

本监测周期内，文献信息共更新 4条： 

1. A machine-learning-guided adaptive algorithm to reduce the 

computational cost of integrating kinetics in global atmospheric 

chemistry models: application to GEOS-Chem versions 12.0.0 and 

12.9.1 

摘要：Global modeling of atmospheric chemistry is a great computational challenge 

because of the cost of integrating the kinetic equations for chemical mechanisms with 

typically over 100 coupled species. Here we present an adaptive algorithm to ease this 

computational bottleneck with no significant loss in accuracy and apply it to the GEOS-

Chem global 3-D model for tropospheric and stratospheric chemistry (228 species, 724 

reactions). Our approach is inspired by unsupervised machine learning clustering 

techniques and traditional asymptotic analysis ideas. We locally define species in the 

mechanism as fast or slow on the basis of their total production and loss rates, and we solve 

the coupled kinetic system only for the fast species assembled in a submechanism of the 

full mechanism. To avoid computational overhead, we first partition the species from the 

full mechanism into 13 blocks, using a machine learning approach that analyzes the 

chemical linkages between species and their correlated presence as fast or slow in the 

global model domain. Building on these blocks, we then preselect 20 submechanisms, as 

defined by unique assemblages of the species blocks, and then pick locally and on the fly 

which submechanism to use in the model based on local chemical conditions. In each 

submechanism, we isolate slow species and slow reactions from the coupled system of fast 

species to be solved. Because many species in the full mechanism are important only in 

source regions, we find that we can reduce the effective size of the mechanism by 70% 
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globally without sacrificing complexity where/when it is needed. The computational cost 

of the chemical integration decreases by 50% with relative biases smaller than 2?% for 

important species over 8-year simulations. Changes to the full mechanism including the 

addition of new species can be accommodated by adding these species to the relevant 

blocks without having to reconstruct the suite of submechanisms. 

来源：GMD 

发布时间：2022-02-25 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1677/2022/ 

2. Model development in practice: a comprehensive update to the 

boundary layer schemes in HARMONIE-AROME cycle 40 

摘要：The parameterised description of subgrid-scale processes in the clear and 

cloudy boundary layer has a strong impact on the performance skill in any numerical 

weather prediction (NWP) or climate model and is still a prime source of uncertainty. Yet, 

improvement of this parameterised description is hard because operational models are 

highly optimised and contain numerous compensating errors. Therefore, improvement of 

a single parameterised aspect of the boundary layer often results in an overall deterioration 

of the model as a whole. In this paper, we will describe a comprehensive integral revision 

of three parameterisation schemes in the High Resolution Local Area Modelling – Aire 

Limitée Adaptation dynamique Développement InterNational (HIRLAM-ALADIN) 

Research on Mesoscale Operational NWP In Europe – Applications of Research to 

Operations at Mesoscale (HARMONIE-AROME) model that together parameterise the 

boundary layer processes: the cloud scheme, the turbulence scheme, and the shallow 

cumulus convection scheme. One of the major motivations for this revision is the poor 

representation of low clouds in the current model cycle. The newly revised parametric 

descriptions provide an improved prediction not only of low clouds but also of precipitation. 

Both improvements can be related to a stronger accumulation of moisture under the 

atmospheric inversion. The three improved parameterisation schemes are included in a 

recent update of the HARMONIE-AROME configuration, but its description and the 

insights in the underlying physical processes are of more general interest as the schemes 

are based on commonly applied frameworks. Moreover, this work offers an interesting look 

behind the scenes of how parameterisation development requires an integral approach and 

a delicate balance between physical realism and pragmatism. 
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来源：GMD 

发布时间：2022-02-21 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1513/2022/ 

3. Definitions and methods to estimate regional land carbon fluxes for 

the second phase of the Regional Carbon Cycle Assessment and 

Processes Project (RECCAP-2) 

摘要：Regional land carbon budgets provide insights into the spatial distribution of 

the land uptake of atmospheric carbon dioxide and can be used to evaluate carbon cycle 

models and to define baselines for land-based additional mitigation efforts. The scientific 

community has been involved in providing observation-based estimates of regional carbon 

budgets either by downscaling atmospheric CO2 observations into surface fluxes with 

atmospheric inversions, by using inventories of carbon stock changes in terrestrial 

ecosystems, by upscaling local field observations such as flux towers with gridded climate 

and remote sensing fields, or by integrating data-driven or process-oriented terrestrial 

carbon cycle models. The first coordinated attempt to collect regional carbon budgets for 

nine regions covering the entire globe in the RECCAP-1 project has delivered estimates 

for the decade 2000–2009, but these budgets were not comparable between regions due to 

different definitions and component fluxes being reported or omitted. The recent 

recognition of lateral fluxes of carbon by human activities and rivers that connect CO2 

uptake in one area with its release in another also requires better definitions and protocols 

to reach harmonized regional budgets that can be summed up to a globe scale and compared 

with the atmospheric CO2 growth rate and inversion results. In this study, using the 

international initiative RECCAP-2 coordinated by the Global Carbon Project, which aims 

to be an update to regional carbon budgets over the last 2 decades based on observations 

for 10 regions covering the globe with a better harmonization than the precursor project, 

we provide recommendations for using atmospheric inversion results to match bottom-up 

carbon accounting and models, and we define the different component fluxes of the net 

land atmosphere carbon exchange that should be reported by each research group in charge 

of each region. Special attention is given to lateral fluxes, inland water fluxes, and land use 

fluxes. 

来源：GMD 

发布时间：2022-02-16 

https://gmd.copernicus.org/articles/15/1513/2022/
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数据类型：期刊 

https://gmd.copernicus.org/articles/15/1289/2022/ 

4. ShellChron 0.4.0: a new tool for constructing chronologies in 

accretionary carbonate archives from stable oxygen isotope profiles 

摘要：This work presents ShellChron, a new model for generating accurate internal 

age models for high-resolution paleoclimate archives, such as corals, mollusk shells, and 

speleothems. Reliable sub-annual age models form the backbone of high-resolution 

paleoclimate studies. In the absence of independent sub-annual growth markers in many of 

these archives, the most reliable method for determining the age of samples is through age 

modeling based on stable oxygen isotope or other seasonally controlled proxy records. 

ShellChron expands on previous solutions to the age model problem by fitting a 

combination of a growth rate and temperature sinusoid to model seasonal variability in the 

proxy record in a sliding window approach. This new approach creates smoother, more 

precise age–distance relationships for multi-annual proxy records with the added benefit 

of allowing assessment of the uncertainty in the modeled age. The modular script of 

ShellChron allows the model to be tailored to specific archives, without being limited to 

oxygen isotope proxy records or carbonate archives, with high flexibility in assigning the 

relationship between the input proxy and the seasonal cycle. The performance of 

ShellChron in terms of accuracy and computation time is tested on a set of virtual 

seasonality records and real coral, mollusk, and speleothem archives. The result shows that 

several key improvements in comparison to previous age model routines enhance the 

accuracy of ShellChron on multi-annual records while limiting its processing time. The 

current full working version of ShellChron enables the user to model the age of 10-year-

long high-resolution (16 samples?yr?1) carbonate records with monthly accuracy within 

1?h of computation time on a personal computer. The model is freely accessible on the 

CRAN database and GitHub. Members of the community are invited to contribute by 

adapting the model code to suit their research topics and encouraged to cite the original 

work of Judd et al.?(2018) alongside this work when using ShellChron in future studies. 

来源：GMD 

发布时间：2022-02-10 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1247/2022/ 
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✧城市气象精细预报 

本监测周期内，文献信息共更新 3条： 

5. A circulation-based performance atlas of the CMIP5 and 6 models for 

regional climate studies in the Northern Hemisphere mid-to-high 

latitudes 

摘要：Global climate models are a keystone of modern climate research. In most 

applications relevant for decision making, they are assumed to provide a plausible range of 

possible future climate states. However, these models have not been originally developed 

to reproduce the regional-scale climate, which is where information is needed in practice. 

To overcome this dilemma, two general efforts have been made since their introduction in 

the late 1960s. First, the models themselves have been steadily improved in terms of 

physical and chemical processes, parametrization schemes, resolution and implemented 

climate system components, giving rise to the term “Earth system model”. Second, the 

global models' output has been refined at the regional scale using limited area models or 

statistical methods in what is known as dynamical or statistical downscaling. For both 

approaches, however, it is difficult to correct errors resulting from a wrong representation 

of the large-scale circulation in the global model. Dynamical downscaling also has a high 

computational demand and thus cannot be applied to all available global models in practice. 

On this background, there is an ongoing debate in the downscaling community on whether 

to thrive away from the “model democracy” paradigm towards a careful selection strategy 

based on the global models' capacity to reproduce key aspects of the observed climate. The 

present study attempts to be useful for such a selection by providing a performance 

assessment of the historical global model experiments from CMIP5 and 6 based on 

recurring regional atmospheric circulation patterns, as defined by the Jenkinson–Collison 

approach. The latest model generation (CMIP6) is found to perform better on average, 

which can be partly explained by a moderately strong statistical relationship between 

performance and horizontal resolution in the atmosphere. A few models rank favourably 

over almost the entire Northern Hemisphere mid-to-high latitudes. Internal model 

variability only has a small influence on the model ranks. Reanalysis uncertainty is an issue 

in Greenland and the surrounding seas, the southwestern United States and the Gobi Desert 

but is otherwise generally negligible. Along the study, the prescribed and interactively 

simulated climate system components are identified for each applied coupled model 
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configuration and a simple codification system is introduced to describe model complexity 

in this sense. 

来源：GMD 

发布时间：2022-02-17 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1375/2022/ 

 

6. Deep-learning spatial principles from deterministic chemical 

transport models for chemical reanalysis: an application in China for 

PM2.5 

摘要：Well-estimated air pollutant concentration fields are critically important to 

compensate for observations that are only sparsely available, especially over non-urban 

areas. Previous data fusion methods generally used statistical models to relate observations 

of target variables to proxy data and supporting variables at known stations. In this study, 

we developed a new data fusion paradigm by designing a deep-learning model framework 

and workflow to learn multivariable spatial correlations from chemical transport model 

(CTM) simulations, before using it to estimate PM2.5 reanalysis fields from station 

observations. The model was composed of two modules as an explainable PointConv 

operation to pre-process isolated observations and a regression grid-to-grid network to 

build correlations among multiple variables. The model was trained with only CTM 

simulations and supporting geographical covariates. The trained model was evaluated in 

two aspects of (1)reproducing raw PM2.5 CTM simulations and (2)generating reanalysis 

and fused PM2.5 fields. First, the model was able to reproduce the CTM simulations well 

on a full domain from sampled CTM data items at sparse locations with an average 

R2=0.94 and RMSE?=?4.85?μg?m?3. Second, the fused PM2.5 fields estimated from 

observations achieved a good performance with R2=0.77 (RMSE?=?14.29?μg?m?3) and 

R2=0.84 (RMSE?=?12.96?μg?m?3) respectively evaluated at the stringent city level and 

station level. The generated reanalysis PM2.5 fields have complete spatial coverage within 

the modeling domain. One significant benefit of the fusion framework is that the model 

training does not rely on observations, which can be used to predict PM2.5 fields in newly 

set up observation networks such as those using portable sensors. Meanwhile, in the 

prediction procedure, only station observations are used along with supporting covariates. 

The fusion model has high computing efficiency (?1?s?d?1) due to acceleration using a 

https://gmd.copernicus.org/articles/15/1375/2022/
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graphical processing unit (GPU). As an alternative to generate chemical reanalysis fields, 

the method can be readily implemented in near-real time and be universally applied for 

other simulated variables with measurements available. 

来源：GMD 

发布时间：2022-02-22 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1583/2022/ 

 

7. CSDMS: a community platform for numerical modeling of Earth 

surface processes 

摘要：Computational modeling occupies a unique niche in Earth and environmental 

sciences. Models serve not just as scientific technology and infrastructure but also as digital 

containers of the scientific community's understanding of the natural world. As this 

understanding improves, so too must the associated software. This dual nature – models as 

both infrastructure and hypotheses – means that modeling software must be designed to 

evolve continually as geoscientific knowledge itself evolves. Here we describe design 

principles, protocols, and tools developed by the Community Surface Dynamics Modeling 

System (CSDMS) to promote a flexible, interoperable, and ever-improving research 

software ecosystem. These include a community repository for model sharing and metadata, 

interface and ontology standards for model interoperability, language-bridging tools, a 

modular programming library for model construction, modular software components for 

data access, and a Python-based execution and model-coupling framework. Methods of 

community support and engagement that help create a community-centered software 

ecosystem are also discussed. 

来源：GMD 

发布时间：2022-02-17 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1413/2022/ 

 

✧城市气候与生态、 

本监测周期内，文献信息共更新 2条： 
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8. A new approach to simulate peat accumulation, degradation and 

stability in a global land surface scheme (JULES 

vn5.8_accumulate_soil) for northern and temperate peatlands  

摘要：Peatlands have often been neglected in Earth system models (ESMs). Where 

they are included, they are usually represented via a separate, prescribed grid cell fraction 

that is given the physical characteristics of a peat (highly organic) soil. However, in reality 

soils vary on a spectrum between purely mineral soil (no organic material) and purely 

organic soil, typically with an organic layer of variable thickness overlying mineral soil 

below. They are also dynamic, with organic layer thickness and its properties changing 

over time. Neither the spectrum of soil types nor their dynamic nature can be captured by 

current ESMs.Here we present a new version of an ESM land surface scheme (Joint UK 

Land Environment Simulator, JULES) where soil organic matter accumulation – and thus 

peatland formation, degradation and stability – is integrated in the vertically resolved soil 

carbon scheme. We also introduce the capacity to track soil carbon age as a function of 

depth in JULES and compare this to measured peat age–depth profiles. The new scheme is 

tested and evaluated at northern and temperate sites.This scheme simulates dynamic 

feedbacks between the soil organic material and its thermal and hydraulic characteristics. 

We show that draining the peatlands can lead to significant carbon loss, soil compaction 

and changes in peat properties. However, negative feedbacks can lead to the potential for 

peatlands to rewet themselves following drainage. These ecohydrological feedbacks can 

also lead to peatlands maintaining themselves in climates where peat formation would not 

otherwise initiate in the model, i.e. displaying some degree of resilience.The new model 

produces similar results to the original model for mineral soils and realistic profiles of soil 

organic carbon for peatlands. We evaluate the model against typical peat profiles based on 

216 northern and temperate sites from a global dataset of peat cores. The root-mean-

squared error (RMSE) in the soil carbon profile is reduced by 35?%–80?% in the best-

performing JULES-Peat simulations compared with the standard JULES configuration. 

The RMSE in these JULES-Peat simulations is 7.7–16.7?kg?C?m?3 depending on climate 

zone, which is considerably smaller than the soil carbon itself (around 30–60?kg?C?m?3). 

The RMSE at mineral soil sites is also reduced in JULES-Peat compared with the original 

JULES configuration (reduced by ～?30?%–50?%). Thus, JULES-Peat can be used as a 

complete scheme that simulates both organic and mineral soils. It does not require any 

additional input data and introduces minimal additional variables to the model. This 
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provides a new approach for improving the simulation of organic and peatland soils and 

associated carbon-cycle feedbacks in ESMs. 

来源：GMD 

发布时间：2022-02-25 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1633/2022/ 

9. Locating trees to mitigate outdoor radiant load of humans in urban 

areas using a metaheuristic hill-climbing algorithm – introducing 

TreePlanter v1.0 

摘要：Mean radiant temperature (Tmrt) is a frequently used measure of outdoor 

radiant heat conditions. Excessive Tmrt, linked especially to clear and warm days, has a 

negative effect on human wellbeing. The highest Tmrt on such days is found in sunlit areas, 

whereas shaded areas have significantly lower values. One way of alleviating high Tmrt is 

by planting trees to provide shade in exposed areas. Achieving the most efficient mitigation 

of excessive Tmrt by tree shade with multiple trees requires optimized positioning of the 

trees, which is a computationally extensive procedure. By utilizing metaheuristics, the 

number of calculations can be reduced. Here, we present TreePlanter?v1.0, which applies 

a metaheuristic hill-climbing algorithm on input raster data of Tmrt and shadow patterns 

to position trees in complex urban areas. The hill-climbing algorithm enables dynamic 

exploration of the input data to position trees, compared with very computationally 

demanding brute-force calculations. The hill-climbing algorithm has been evaluated with 

a static greedy algorithm that positions trees one at a time based on ranking and is expected 

to always find relevant locations for trees. The results show that the hill-climbing algorithm, 

in relatively low model runtime, can find positions for several trees simultaneously, which 

lowers Tmrt substantially. TreePlanter, with its two algorithms, can assist in optimization 

of tree planting in urban areas to decrease thermal discomfort. 

来源：GMD 

发布时间：2022-02-07 

数据类型：期刊 

https://gmd.copernicus.org/articles/15/1107/2022/ 

 


